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SIX-MONTH IMPLEMENTATION GUIDELINE 

The United States Pharmacopeio-National Formulary and its supplements become official six months after being released to 
the public. The USP-NF, whicn is released on November 1 of each year, becomes official on May 1 of the following year. This 
six-month implementation timing gives users morę limę to bring their methods and procedures into compliance with new 
and revised USP-NF requirements. 

The table below describes the official dates of the USP-NF and its supplements. The 2016 USP 39-NF 34, and its supple¬ 
ments, Intenm Revision Announcements (IRAs) and Revision Bulletins to that edition, will be official until May 1, 2017, at which 
time the USP 40-NF 35 becomes official. 


Publfcation 

Rclcasc Datę 

Official Datę 

Official Until 

USP 40-NF 35 

November 1, 2016 

May 1,2017 

May 1, 2018 (except as superseded by supplements, IRAs , and 

Revision Bulletins) 

First Supplement to the 

USP 40-NF 35 

February 1, 2017 

August 1, 2017 

May 1, 2018 (except as superseded by Second Supplement , IRAs, 
and Revision Bulletins) 

Second Supplement to the 

USP 40-NF 35 - 

june 1,2017 

December 1, 2017 

May 1, 2018 (except as superseded by IRAs and Revision Bulletins) 

USP 41-NF 36 

November 1, 2017 

May 1,2018 

May 1, 2019 (except as superseded by supplements, IRAs, and 

Revision Bulletins) 


The table below gives the details of the IRAs that will apply to USP 40-NF 35. 


IRA 

PF Postina Datę 

Comment Due Datę 

IRA Postina Datę 

IRA Official Dale 

42(1) 

lanuary 4. 2017 

March 31.2017 

May 27. 2017 

luly 1. 2017 

42(2) 

Marth 1. 2017 

May 31. 2017 

!ulv 29. 2017 

Seolember 1. 2017 

42(3) 

May 2. 2017 

luty 31.2017 

Seolember 30. 2017 

November 1. 2017 

42(4) 

luty 1. 2017 

Seolember 30. 2017 

November 25. 2017 

lanuary 1. 2018 

42(5) 

Seolember 1. 2017 

Noyember 30. 2017 

lanuary 27. 2018 

March 1.2018 

_ 

November 1. 2017 

lanuary 31. 2018 

March 31.2018 

May 1. 2018 


Revision Bulletins published on the USP website become official on the datę specified in the Revision Bulletin. 


NOTICE AND WARNINC 


Conceming U.S. Patent ot Trademark Rights— The indusion in The United States Phormacopeia or in the National Formulary of a 
monograph on any drug in respect to which patent or trademark rights may exist shall not be deemed, and is not intended 
as, a grant of, or authority to exercise, any right or privilege protected by such patent or trademark. Ali such rights and 
privileges are vested in the patent or trademark owner, and no other person may exercise the same without express 
permission, authority, or license secured from such patent or trademark owner. 

Concernina Use of USP or NF Text— Attention is called to the fact that USP and NF text is fully copyrighted. Authors and 
others wiśning to use portions of the text should request permission to do so from the Secretary of tne USPC Board of 
Trust ees. 
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Mission and Preface 

USP 40-NF 35 and 
Supplements 


This section provides background information on the 
United States Pharmacopeial Convention (USP), as well as 
generał information about the 40th revision of the United 
States Pharmacopeia (USP 40) and the 35th edition of the 
National Formulary (NF 35) and their Supplements. Unless 
otherwise noted, the text in USP 40-NF 35 is official May 1, 
2017, the text in the First Supplement to USP 40-NF 35 is 
official August 1 , 2017, and the text in the Second Supple¬ 
ment to USP 40-NF 35 is official December 1, 2017. 


MISSION STATEMENT 

USP-NF is published in continuing pursuit of the mission 
of USP: To improve global Health through public standards and 
related proarams that help ensure the guality, sofety, and ben- 
efit of medicines and fooas. 


HISTORY 

USP has a rich history, dating back to 1820, when 
11 physicians met in the Senate Chamber of the U.S. Capi- 
tol building to establish a pharmacopeia for the United 
States. Learn morę about USP's history and major milestones 
on the USP website (http://www.usp.org/about-usp/our- 
history). 

CONTENT OF USP-NF 

USP-NF contains official substance (ingredient) and prod- 
uct monographs for official articles recognized in USP-NF 
(see General Nolices 2.20 Official Articles). USP-NF also in- 
cludes monographs for compounded preparations. With few 
exceptions, such as articles covered by Global Health mono¬ 
graphs, all articles for which monographs are provided in 
USP-NF are legalJy marketed in the United States or are con- 
tained in legaffy marketed articles. Global Health mono¬ 
graphs are provided for articles that are not approved or 
legally marketed in the United States, but that have been 
approved by a stringent regulatory authority [as defined by 
the World Health Organization (WHO)] ancf are used for es- 
sential purposes in other parts of the world. 

A USP-NF monograph for an official substance, product, 
or preparation may consist of various components, including 
the article's name; definition; packaging, storage, and other 
requirements; and a specification. General chapters provide 
freguently cited procedures, sometimes with acceptance cri- 
teria, in order to compile into one location repetitive infor¬ 
mation that is applicaole to many monographs. See General 
Notices 3.10 Applicobility of Standards for morę information 
about standards contained in USP-NF monographs and gen¬ 
erał chapters. 

New and revised monographs and generał chapters and 
omitted monographs from this edition are indicated in the 
Admissions section. 

USP-NF Organizatlon—The USP-NF is published online 
as the USP-NF Online. USP-NF is also printed as a four-vol- 


ume set. Volume 1 indudes front matter ( Mission and Pref¬ 
ace, People, govemance pages and websites, and Admissions/ 
Annototions). It also includes USP General Notices, General 
Chapters, Dietary Supplements generał chapters, Reagents , 
and Reference Tables. Volume 2 includes USP monographs 
A-l. and Volume 3 includes USP monographs J -Z. I /olume 4 
includes Global Health monographs, Dietary Supplements 
monographs, NF Admissions/Annototions, Excipients, and NF 
monographs. To facilitate convenient use and reference, all 
four volumes include the combined index, as well as the 
USP General Notices and the Guide to General Chapters. Gen¬ 
eral chapters specific to dietary supplements are included in 
numerical order with the rest of the generał chapters in 
USP. Excipient monographs are usually presentea in NF but 
also may appear in USP with suitable cross-referenclng when 
they are also drug substances. The Excipients section (Volume 
4) presents a tabulation of excipients by functional category. 

Supplements—Supplements to USP-NF follow a standard 
Schedule each year. the First Supplement is published in Feb- 
ruary and becomes official August 1 . The Second Supplement 
is published in June and becomes official December 1 . Users 
of USP print products must retain Supplements and check 
the "Official Text" section of U5P's website to have up-to- 
date official text. The USP-NF Online is updated with each 
Supplement or annual revision. Each time a new edition or 
Supplement is released during the subscription period, a new 
electronic version is issued. The lndex in each Supplement is 
cumulative and includes citations to the annual revision and, 
for the Second Supplement, citations to the First Supplement. 
The contents of the two Supplements are integratecfinto the 
annual edition of the following year, along with new official 
revisions that have been adopted sińce the Second Supple¬ 
ment to the previous compendia. 

Revisions to USP-NF—USP-NF is continuously revised by 
an exceptional process of public invo!vement and substantial 
interaction between USP and its stakeholders, both domesti- 
cally and internationally. Revisions are presented annually in 
the USP-NF and in twice-yearly Supplements, and as Acceler- 
oted Remions on USP's website [Errato, Intenm Revision An- 
nouncements (IRAs), and Revision Bulletins]. 

Standard Revisions— USP's standard revision process calls 
for publication of a proposed revision in the Pharmacopeial 
Forum (PF) for a 90-aay notice and comment period and, 
after the revision is approved by the relevant USP Expert 
Committee, publication in the next USP-NF or Supplement, 
as applicable. Learn morę about the development and revi- 
sion process on the USP website (http://www.usp.org/usp- 
nf/development-process). 

Accelcrated RevIsions— The Accelerated Revision process is 
used to make revisions to USP-NF official morę quickly than 
through USP's Standard Revision process. Learn morę about 
Revision Bulletins , Interim Revision Announcements (IRA), Er¬ 
rata , and the criteria for and implementation of each on the 
USP website (http://www.usp.org/usp-nf/official-text). 

Modification of Compendial References—USP and its 
Expert Committees periodically deem it necessary to modify 
generał chapter titles or similar text that may be referencea 
in other standards throughout the USP-NF. When this oc- 
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rurs, USP Staff undertake a rigorous process for identifying 
en kJ updating such references. These updates may occur 
Miruugh a routine revision, or, in cases in which an update 
i pt firs to present no significant change in the affected 
standard, through a direct update of tne reference in that 
standard without providing an opportunity for notice and 
commenL In all cases, USP will publish on its website a 
notice indicating the source change, any resulting refer- 
eiv.es, and whether those references will be updated 
through a routine revision or a direct update. 

Updating Chemical Information—Updates to the 
Chemical Information sectlon at the beginning of mono- 
graphs occur on an ongoing basis and are not identified 
witn revision symbols. Chemical names and molecular 
weights are updated when a monograph undergoes revision 
to match the official source, United States Adopted Names 
i U SAN). Chemical structures are updated on a continuous 
basis. 

Chemical names typically reflect the naming conventions 
.,t the time of the monograph development or revision. If 
the nomenclature rules of CAS or IUPAC are significantiy 
uhanged, the Chemical names can be revised or added to 
implement those rules. Molecular weights are derived from 
the Chemical formula and are based on the table of atomie 
weights; Atomie weights are recommended by the IUPAC 
tncl reflect the isotopic composition of normal terrestrial 
materiał. When the IUPAC recommended values are 
thanged, it is understood that the changes in molecular 
weights will be madę in due course. 

Craphical representation of the Chemical compound struc¬ 
tures is intended as a visual aid to help establish Chemical 
identity and is understood to represent one of many possi- 
ble ways to depict the molecule. Addition of a graphical 
representation or changes in such representation, that result 
in the same Chemical information, e.g., a flipped chiral mol¬ 
ecule or adding a molecule structure, may be introduced 
outside of the revision process. It is also understood that in 
the case of tautomerism, the molecule depicted may be one 
of the tautomers, but it is intended to represent all isomers 
in eauilibrium. Stereogenic centers depicted with plain 
bonas imply mixture$ of pertinent stereomers— enantiomer, 
diastereomers, epimers (anomers), etc. 

Depending on the timing of these updates, users may see 
a difference in a Chemical structure between the publica- 
tions in PF and USP-NF , and between the USP-Nh and The 
USP-NF Online. 

Shadlng and Symbols—Shading is used to identify text 
that has been modified, added, or deleted sińce it was last 
published. Symbols identify the beginning and end of each 
revision or nonharmonizea text. The following table summa- 
rizes the types of symbols and the associated subscnpts used 
in USP publications: 


Revlslon Tvne 

Symbol 

Subscript 

Interim Rcvision 

# new text« (WAMuiwm 

(IRA 1 -Jul-2017)* 

Announccmcnt 

Revision Bulletin 

*new text« immw?oi7| 

(RB l-|an-2017) # 

Text deletion 

*»(bu i m 2oi7) or 

(IRA 1-jul-2017)* 

Adopted in 

■ or 

A A(UV*0) 

■new text«i5ruwflj 

IS (USP40)’ 

USP40** 

IS or 2S (USP annu- 

Supplement 
Adopted In 

A new lextA t tnr w 

al edition) 

USP^annual edi¬ 

USP-NF 

Harmonization 

♦residual 
national text or 
nonharmonized text4 

tion** 


• A subscript number or datę indicates the IRA, Revision Bulletin, or Sup- 
plemcnt in which the revision first appeared. 

H An example of a revislon that was offirially adopted in the USP-ŃF 
would be a i/jwo. 


Revision Type 

Symbol 

Subscript 

Errata 

# new text# (tm i.m-toit) 

(ERR 1-|ul-2017) 

Chapter reler- 

*new text« (cnu^ join 

(CN 1-May-20t 7) 

ences 

*new text* (OflvuM-o<<x>in 

(Official 1-Dec- 

20’ U 


• A subscript number or dale indicates the IRA, Revision Bulletin, or Sup¬ 
plement in which the revision first appeared. 

M An example of a rev»sion that was officially adopted in the USP-NF 
would be ai nn* 

The following table shows symbols and official dates for 
IR As and Supplements to USP 40-NF 35. 


IRAs and Supplements to USP 40-NF 35 
Offidal Dates and Symbols 


Supplement 

Proposed 

IRA 

Official Datę 

Symbols 


43(1) 

July 1, 2017 

*and»(»u Heroin 

1 


Aug. 1. 2017 

■nnd«ii fui/fcj 


43(2) 

Sept. 1, 2017 

*and«(Mu i W|vxnn 


43(3) 

Nov. 1. 2017 

# and*<*A 

2 


Dec. 1, 2017 

■anda?v (Ul rto) 


-13(4) 

Jan. 1, 2018 

*and«(UUt l Un TOII) 


43(5) 

Mar. 1. 2018 

# and» ( «A i 

USP 41-NF 36 

43(61 

Mav 1. 2018 

*and»nM 


Also, in the USP-NF Online , monographs and generał 
chapters that have been revised but not yet published in the 
USP-NF or its Supplements (e.g., as Accelerated Revisions ) will 
contain icons that will link to the page on the USP website 
where the new official text can be viewed. These icons will 
link to Accelerated Revislons (Revision Bulletins , Interim Remfon 
Announcements, and Errata) and Stage 6 Harmonization (see 
Harmonization Activities below). 

Commentary— For revisions that are published for public 
review and comment in PF, the proposal may advance to 
official status or be republished in PF for further notice and 
commenL If comments are received, they are considered 
and incorporated as appropriate by the Expert Commit- 
tee(s). In cases where proposals aavance to official status 
without republication in PF, a summary of comments re- 
ceived and the appropriate Expert Committee's responses 
are published in the Commentary section of the USP website 
at the time the revision is published. 

The Commentary is not part of the official text and is not 
intended to be enforceable by regulatory authorities. 

Rather, it explains the basis of the Expert Committee's re- 
sponse to public comments. If there is a difference between 
the contents of the Commentary and the official text, the 
official text prevails. In case of a dispute or auestion of inter- 
pretation, the language of the official text, alone and inde¬ 
pendent of the Commentary, shall prevail. 

Print and Electronic Presentations—See General Notices 
2.10 Official 7exf for morę information about USP-NF prod- 
uct formats. 

USP-NF Translations-^ Translations of the USP-NF are 
available in Spanish, Russian, and Chinese. The Spanish 
translation is current; other translations are based on previ- 
ous revisions of the USP-NF. 

USP Reference Standards— The use of USP Reference 
Standards promotes uniform ouality of drugs and supports 
reliability and consistency by those performing compliance 
testing and other users of USP-NF including manufacturers, 
buyers, and regulatory authorities. USP Reference Standards 
are referenced in specific procedures in both monographs 
and generał chapters. USP advances this materiał via careful 
characterization studies and collaborative testing, followed 
by review and approval of the compendial use of the refer¬ 
ence materiał by hxpert Committees of the Council of Ex- 
perts. The USP Catalog, which lists the collection of USP 
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Reference Standards, and morę Information about use and 
storage, can be accessed on USP's website (http://www.usp. 
org/reference-standards). This program benefits from the 
widespread voluntary contribution of suitable materials and 
lest data from pharmaceutical manufacturers. 


USP GOVERNING, STANDARD5-SETTING, AND 
ADVISORY BODIES 

USP's governinq, standards-setting, and advisory bodies 
indude the USP (_onvention, the Board of Trustees, the 
Council of Experls and its Expert Committees, Expert Panels, 
Subcommittees, Joint Standard-Setting Subcommittees, and 
Staff. Additional volunteer bodies include Stakeholder Fo- 
rum5 and Project Teams, which offer stakeholders the op- 
portunity to contribute, through advice and recommenda- 
tions, to the advancement of USP's standards and processes. 
Learn about the composition and work of the USP Conven- 
tion, Board of Trustees, Expert Committees, and Expert 
Panels on the USP website (http://www.usp.org/about-usp/ 
leadership/governance). Learn morę about Stakeholder Fo- 
rums ano Project Teams on the USP website (http://www. 
usp.org/meetmgs-courses/stakeholder-forums). A listing of 
all current Voting Delegates of the USP Convention and 
members and Government Liaisons to the Council of Ex- 
perts and its Expert Committees and Expert Panels is in- 
cluded in the People section. 

Working with the Food and Drug Administration—USP 
works with the Secretary of the Department of Health and 
Humań Services, and the principal agency in the Depart¬ 
ment for this work is the Food and Drug Administration 
(FDA). USP works in many ways with the agency, but the 
primaryinteraction is through the Government Liaison Pro¬ 
gram. The Government Liaison Program allows representa- 
tives of FDA and other government agencies to participate 
in Expert Committee and Expert Panel meetings, enabling 
interactions between government staff and Expert Commit¬ 
tees. Staff in the FDA Centers who are responsible for review 
of compendial activities provide specific links and opportuni- 
ties for exchange of comments. The Office of Policy for 
PharmaceuticafQuality in the Center for Drug Evaluation 
and Research provides a primary compendial point of con- 
tact between FDA and USP. 


RULES AND PROCEDURES 


Governing Documents— USP-NF standards are recog- 
nized widely"because they are authoritative and science- 
based and are establisheo by a transparent and credible 
process. See the Articles of Incorporation section in this book; 
the Bylaws fhttp://www.usp.orq/about-usp/leadership/by- 
laws), and the Rules and Procedures of the Council of Experts 
(http://www.usp.org/about-usp/leadership/policies-rules). 
Collectively, these documents serve USP volunteers and staff 
as the governing principles for USP's standards-setting activ- 
ities. 


LEGAL RECOGNITION 


Recognition of USP-NF—USP-NF is recognized by law 
and custom in many countries throughout tne worlo. In the 
United States, the Federal Food, Drug, and Cosmetic Act 
(FD&C Act) defines the term "officialcompendium" as the 
official USP , the official NF , the official Homeopathic Pharma - 
copeia of the United States , or any supplement to them. 
USP-NF standards play a role in the aduiteration and mis- 
branding provisions of the FD&C Act, which apply as well 
to biologics, a subset of drugs, under the Public Health Ser- 
vice Act (see General Notices 2.30 Legał Recognition). 

FDA reauires that names for articles that are not official 
must be clearly distinguished and differentiated from any 


name recognized in an official compendium. Drugs with a 
name recognized in USP-NF also will be considered mis- 
branded unless they meet compendial standards for packag- 
ing and labeling (see General Notices 3.10.10 Applicability of 
Standards to Drug Products , Drug Substances, and Excipients 
for morę Information). 

Drugs—USP's goal is to have substance and drug prod- 
uct monographs in USP-NF for FDA-approved drugs in the 
United States, including Chemical ano biologie medicines, 
and their ingredients. USP also provides monographs in 
USP-NF for fegally marketed therapeutic products not ap- 
proved by FDA, e.g., pre-1938 drugs, over-the-counter 
(OTC) drugs marketed under FDA's OTC Monograph sys¬ 
tem, dietary supplements, and compounded preparations. 
The Global Health section of USP-Nh contains monographs 
for articles that are not approved or legally marketed in the 
United States, but that have been approved by a stringent 
regulatory authority (as defined by WHO) ancl are usea for 
essential purposes in other parts of the world. Conformance 
with a USP-NF monograph, if applicable, is required at all 
times in the life of an article from production to expiration. 

Biologics—In the United States, biologics are considered 
to be a subset of drugs, whether they are approved by FDA 
under the FD&C Act fand receive a new drug application 
(NDA)] or under the Public Health Service Act [PHS Act, 
where they receive a biologics license application (BLA)j. As 
a result, all PHS Act biologics are subject to the applicable 
drug regulatory requirements of the FD&C Act, which 
means they are required to comply with the aduiteration 
and misbranding provisions of the FD&C Act, including 
USP-NF compendial requirements, to the extent that such 
requirements apply to a particular biologie product. This is 
equally so for biologics approved under the longstanding 
PHS Act "351 (a)" pathway, as well as the new *351 (k)" 
pathway for biosimilars added by the 2010 healthcare re¬ 
form leaislation (Biologics Price Competition and lnnovation 
Act, Titfe VII, Subtitle A of the Patient Protection and Afford- 
able Care Act, Public Law 111-148). 

Dietary Supplements—The Dietary Supplement Health 
and Education Act of 1994 amendments to the FD&C Act 
rovide that a dietary supplement may be deemed a mis- 
randed food if it is covered by the specifications of an 
official compendium (e.g., USP-NF ), is represented as con- 
forming to the specifications of an official compendium, and 
fails to so conform. This contrasts with pharmaceutical prod¬ 
ucts, wherein conformance to applicable compendial stan¬ 
dards is mandatory, whether or not the product claims to 
conform. 

Compounded Preparations—Compounding means the 
preparation, mixing, assembling, altering, packaging, and 
labeling of a drug or device or other article, as tne result of 
a practftionei^s order or in anticipation of such an order 
based on routine, regularly observed prescribing patterns. 

USP provides both generał chapters and monographs for 
compounded preparations. Learn morę about compounding 
on tne USP website (http://www.usp.org/usp-healtncare- 
professionals/compounding). 

Medlcal Devices—Section 201 (h) of the FD&C Act de¬ 
fines a device as an instrument, apparatus, similar article, or 
component thereof recognized in USP-NF. Section 502(e) of 
the FD&C Act defines the established name of a device in 
the absence of an FDA designation of the official name as 
the official title in an officiaL compendium. Despite these 
statutory provisions, there is no comparable recognition of 
U5P # s role in establishing compendial standards for medical 
devices as exists for drugs ano biologics. Under authority 
granted by the Food and Drug Administration Moderniza- 
tion Act of 1997, the Center for Devices and Radiological 
Health recognizes national and International standards, in¬ 
cluding some USP tests and assays, for medical devices. 

Nomenclature—For information on the nomenclature 
deve!opment process, the Nomenclature and Labeling Ex- 
pert Committee, and USP's work with United States 
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Adopted Names (USAN), see the USP website (http://www. 

: isp.org/usp-nf/development-process/compendial-nomencla- 

ture). 

Chemical Names and CAS Registry Numbers—Chemi¬ 
cal subtitles given in the monographs are index names used 
by ihe Chemical Abstracts Service (CAS) of the American 
i hemical Society. They are provided only in monographs in 
which the titles specify substances that are definabfe Chemi¬ 
cal entities. The first subtitle is the inverted form of the sys- 
tematic Chemical name developed by CAS for the purpose 
of the Col!ective lndex (Cl). The second subtitle, given in 
uninverted form, is a preferred IUPAC name (PIN) sanc- 
tioned and used by the International Union of Pure and Ap¬ 
plied Chemistry (IUPAC). Preferred IUPAC names also are 
used by the WHO. Occasionally a third subtitle is supplied 
lor historical reasons or when the synonym uses an altema- 
!ive, but equivalent, naming convention. Monographs with 
Chemical subtitles also generally carry CAS registry numbers. 
These bracketed numbers function independently of nomen- 
clature as invariant numerical designators of unique, unam- 
biguous Chemical substances in the CAS registry, and thus 
are convenient and widely used. 

HARMONIZATION ACTIVITIES 


Pharmacopeial Discussion Group—USP harmonizes 
pharmacopeial excipient monographs and generał chapters 
throuph tne Pharmacopeial Discussion Group (PDG), which 
includes representalives from the European, Japanese, and 
United States pharmacopeias, and WHO (as an observer). 
According to the PDG definition, "a pharmacopeial generał 
chapter or other pharmacopeial document is harmonized 
when a pharmaceutical substance or product tested by the 
document '5 harmonized procedurę yields the same results, 
and the same accept/reject decision is reached." Information 
regarding PDG, including history, the PDG working proce¬ 
durę, a glossary, and lists of monographs and generał chap- 
lers that have completed stages 1-6 of the pharmacopeial 
harmonization process, resulting in an approved USP Stage 
6 Harmonization text, is available on USP s website (http:// 
www.usp.org/u 5 p-nf/harmonization). 

Other Harmonizing Activities—U5P is participating in 
several harmonizing activities that include all pharmacope¬ 
ias. These activities, while currently in progress, are working 
toward Good Pharmacopoeial Practices and optimal public 
standards for all medicines. 


OTHER USP COMPENDIA 


USP Compounding Compendium —The USP Compounding 
Compendium is an electronic compendium that includes all 
compounding-related generał chapters from the USP-NF as 
well as the supporting generał chapters that are referenced 
in the compounding generał chapters and in USP-NF Cen- 
eral Notices. The purpose of the USP Compounding Compen¬ 
dium is to provide compounding practitioners with conven- 
ient access to associated generał chapters. 


USP Herbal Medicines Compendium —The USP Herbol 
Medicines Compendium (HMC) is an online compendium that 
will help ensure the auality of the herbal ingredients used in 
herbal medicines. HMC monographs provide guality specrfi- 
cations—tests, procedures, and acceptance criteria—with 
validated analytical procedures and allied reference materials 
that aid in conformity assessment. HMC can help ingredient 
manufacturers, herbal product manufacturers, regulatory 
agencies, and other stakeholders to assess conformance of 
herbal medicinal ingredients with independent public stan¬ 
dards and to control the auality of artides movmg in inter- 
national commerce. The HMC is available at https://hmc. 
usp.org. 

USP Dletary Supplements Compendium —The Dietary Sup- 
plements Compendium combines, in a two-volume set, 
USP-NF standards for dietary supplements, standards and in- 
formation from the Food Chemicals Codex, regulatory and 
industry documents, and other tools and resources. It is 
published every two years as a hardcover print edition. 

Food Chemicals Codex—lhe Food Chemicals Codex (FCC) 
is a compendium of internationally recognized monograph 
standards and tests for the purity and quality of food ingre¬ 
dients, e.g., preservatives, flavorings, colorings, and nutri- 
ents. FCC is published every two years, with supplements 
every six months, and is available in print and electronic 
formats. Proposed revisions to FCC are available for public 
viewing and comment through the FCC Forum. The FCC 
Forum can be accessed free of charge at forum.foodchemi- 
calscodex.org. 

OTHER USP RESOURCES 


Chromatographic Columns—lh\s comprehensive refer¬ 
ence, previously titled Chmmatographic Reagents, provides 
detailed information needed to conduct chromatographic 
procedures found in USP-NF . Chromatographic Columns lists 
the brand names of the column reagents cited in every pro- 
posal for new or revised gas- or liquid-chromatoqraphic ana¬ 
lytical procedures that have been published in PP sińce 
1980. Chromatographic Columns also helps to track which 
column reagents were used to validate analytical procedures 
that have become official. The branded column reagents list 
is updated bimonthly and maintained on USP's website. 

USP Dictlonary— The USP Dictionary of USAN and Interna¬ 
tional Drug Names provides, in a single volume, the most 
up-to-date United States Adopted Names of drugs; official 
USP-NF names; nonproprietary, brand, and Chemical names; 
graphic formulas; molecular formulas and weights; CAS reg¬ 
istry numbers and codę designations; drug manufacturers; 
and pharmacologic and therapeutic categories. The Diction¬ 
ary helps to ensure the accuracy of the followina: product 
labeling; reports, artides, and correspondence; FDA regula¬ 
tory filmgs; and pharmaceutical package inserts. It is pub¬ 
lished annually. Kor morę information about the Dictionary 
see the USP website (http://www.usp.org/usp-nf/deveIop- 
ment-process/compendial-nomenclature). 
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Caroline R. Weinstein-Oppenhelmer, Ph.D. 
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Healthcare Quality 

Dennis Doherty, M D., FCCP, Chair 
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Pharm.D.; Juliet Nguyen, Pharm.D.; Rulh Parker, M.D.; 
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Gennady Ananchenko, Ph.D.; Elizabeth (Betsy) Cariello; 
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Joan C. May, Ph.D.; Beth Minter; Maria Ines Santora, 
Ph.D.; Jeff Śchwartzenhauer, M.S.; Dennis Stephens, 

Ph.D.; Sumathi V. Rao, Ph.D.; Luciano Virgili, Ph.D.; 
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Verlander, Ph.D.; Vera Weinstein, Ph.D. 
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Munk Jespersen, Ph.D.; Elizabeth Clark Kramer, Ph.D. 
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Seigelchifer, Ph.D.; Jill Crouse-Zeineddini, Ph.D. 
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Max Tejada, Ph.D. 

Biologics Monographs 3 — Complex Biologics 

Edward K. Chess, Ph.D., Chair 

Mehrshid Alai, Ph.D.; Pascal Anger, Ph.D.; Parastoo 
Azadi, Ph.D.; Svetlana Bergelson, Ph.D.; Barbara Blum, 
Ph.D., M.P.H.; Mirella Ezban, Ph.D.; Elaine Gray, Ph.D.; 
Donald MacLean, Ph.D.; Nicole Provost, Ph.D.; Elizabeth 
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Rangel; Zachary Shriver, Ph.D.; Pearle Torralba, Ph.D.; 
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Nicole M. Provost, Ph.D., Chair 

Ruud Hulspas, Ph.D.; Elizabeth I. Read, M.D.; Michael D. 
Rosu-Myles, Ph.D.; Luisa Saraiva, Ph.D.; Richard J. 
Stebbings, Ph.D.; D. Robert Sutherland, M.Sc.; Liii Wang, 
Ph.D.; Albertus W. Wognum, Ph.D. 

Low Molecular Weight Heparins Expert Panel 

Elaine Gray, Ph.D., and Edward K. Chess, Ph.D., Co-Chairs 
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Ph.D.; Christopher P. Bryant, Ph.D.; Ishan Capila, Ph.D,; 
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Campa, Ph.D.; Thomas P. Jacques, Ph.D.; Michael T. 
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Ph.D.; Philippe Talaga, Ph.D.; Earl Zablackis, Ph.D. 
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Mark Van Ooij, Pn.D. 

General Chapters—Chemical Analysis 

Nancy Lewen, B.Sc, Chair 

Anthony Bevilacqua, Ph.D.; Christopher Burgess, Ph.D.; 
Robert Cambron, Ph.D.; Thomas DiFeo, Ph.D.; John 
Dolan, Ph.D.; Joseph Louis Glajch, Ph.D.; John 
Hammond; John Hinshaw, Ph.D.; Brent Kleintop, Ph.D.; 
Steven Leinbach, M.S.; Gregory Martin, M.S.; Nuno 
Matos, B.Sc.: Oscar Quattrocchi, M.Sc.; Helmut 
Roclcstroh, Ph.D.; Mark Schweitzer, Ph.D.; Timothy 
Shelbourn, M.S.; Rostyslaw O. Slabicky, B.Sc.; Ten Soli, 
Ph.D.; Kevin A. Swiss, Ph.D., Timothy J. Wozniak, Ph.D. 

Chemometrics Expert Panel 

Pei Chen, Ph.D., and Nuno Matos, Co-Cho/rs 

Chunsheng Cai, Ph.D.; Robert Tom Cambron, Ph.D.; 

Peter de B. Harrington, Ph.D.; Mark J. Henson, Ph.D.; 

Yang (Angela) Liu, Ph.D.; Zhenqi (Pete) Shi, Ph.D.; Yvan 
C.D. Vanaer Heyden, Ph.D.; Stanislav O. Zakharkin, 

Ph.D.; Lin Zhang, Ph.D. 

Elemental Impurities Expert Panel 

Nancy Lewen, B.Sc, Chair 

Charles Barton, Ph.D., DABT; Courtney M. Callis, MPH, 
DABT; 5teven J. Dentali, Ph.D.; Anna M. Fan, Ph.D., 

DABT; Edward James Fletcher; Bruce A. Fowler, Ph.D., 
A.T.S.; Roland Frotschl; Assad J. Kazeminy, Ph.D.; Richard 
Ko, Pharm.D., Ph.D.; Melissa M. Phillips, Ph.D.; Timothy 
L. Shelbourn, M.B.A., M.5. 


Good Documentation Practices Expert Panel — 
CONCLUDED 

KIM C. Huynh-Ba, M.S., Chair 

Kathleen V. Brady, B.S.; Frank J. Diana, Ph.D.; Lisa Ann 
Fink, MBA; Craig Hamilton, Ph.D.; Judy Lin, M.S.; Anjan 
K. Mittal, M.Pharm.; Kevin A. Swiss, Ph.D. 

Modernization of Identification Tests Expert Panel 

Nancy Lewen, B.Sc., Chair 

Michelle R. Adamson; Anthony C. Bevilacqua, Ph.D.; 
Geoffrey P.R. Carr, Ph.D.; Pei Chen, Ph.D.; Jonathan W. 
DeVries, Ph.D.; Maryna Dmitriieva, Ph.D.; Michael 
Hornig, Ph.D.; Bernard A. Olsen, Ph.D.; Jeffrey S. Rohrer, 
Ph.D.; Annę M. Warner, Ph.D. 

(467) Residual 5olvents Expert Panel 

Oscar A. Quattrocchi, M.Sc., Chair 

Coleman C. Chasteen, M.5.; John Connelly, Ph.D.; Jeffrey 
Fleitman, Ph.D.; John V. Hinshaw, Ph.D.; Bruce P. 
Johnson, Ph.D.; Erie C. Kesslen, Ph.D.; Brent Kleintop, 
Ph.D.; Elizabeth Kovacs; Paul W. Lockwood, M.S.; 
Gregory P. Martin, M.S.; Kevin A. Swiss, Ph.D.; Yuwen 
Wang, Ph.D. 

Validation and Verification Expert Panel 

Gregory P. Martin, M.S., Chair 

Kimber L. Bamett, Ph.D.; Christopher Burgess, Ph.D.; 

Paul D. Curry, Ph.D.; Joachim Ermer, Ph.D.; Gyongyi S. 
Gratzl, Ph.D.; John P. Hammond, FRSC; Elizabeth Kovacs; 
David J. LeBlond, Ph.D.; Rosario LoBrutto, Ph.D.; Annę K. 
McCasland-Keller, Ph.D.; Pauline L McGregor, Ph.D.; 

Phil Nethercote, Ph.D.; Allen C. Templeton, Ph.D.; David 
P. Thomas, Ph.D.; M.L. Jane Weitzel 

Water for Analytical and Pharmaceutical Purposes 
Expert Panel 

Teri C. Sou, Ph.D., Chair 

Anthony C. Bevilacqua, Ph.D.; Lucia Clontz, D.H.Sc., 
M.Sc.; Max S. Lazar; Nancy Lewen, B.Sc.; Bruno Rossi, 
M.S.; Rostyslaw O. Slabicky, B.Sc. 

General Chapters — Physical Analysis 

XlAORONG HE, PH.D., Chair 

Shaukat Ali, Ph.D.; Lawrence H. Błock, Ph.D.; Geoff Carr, 
Ph.D.; Martin Coffey, Ph.D.; Tim Freeman; David J. 
Goldfarb, Ph.D.; Bruno Hancock, Ph.D.; Stephen Hoag, 
Ph.D.; Mario Hubert, Ph.D.; Richard Meury; Matthew 
Mullarney, M.S.; Prabu Nambiar, Ph.D.; Myke Scoagins, 
Ph.D.; Changquan Sun, Ph.D.; Allen Templeton, Ph.D.; 
Eloise Welfare, Ph.D.; Dale Wurster, Ph.D.; Bing-Shiou 
Yang, Ph.D.; Geoff Zhang, Ph.D. 

Impurities in Drug Substance and Drug Products 
Expert Panel 

Prądu Nambiar, Ph.D., M.BA, Chair 

Abdullah M. A!-Mohizea, Ph.D.; Shaukat Ali, Ph.D.; 

Steven W. Baertschi, Ph.D.; Judy P. Boehlert, Ph.D.; 

Robert G. Buice, Ph.D.; Greg J. Davles; Xiaorong He, 

Ph.D., M.B.A.; Kim C. Huynh-Ba, M.S.; Michael Koberda, 
Ph.D.; Robert E. Osterberg, R.Ph., Ph.D., Fellow-ATS; 

Ernest Parente, Ph.D.; Oscar Quattrocchi, M.Sc.; David 
H. Rogers, Ph.D.; Mark Schweitzer, Ph.D.; Mary W. 

Seibel; Rostyslaw O. Slabicky, B.Sc.; Teri C. Soli, Ph.D.; 
Kevin A. Swiss, Ph.D. 

General Chapters — Dosage Forms 

James E De Muth, Ph.D., Chair 

Emmanuel Akala, Ph.D.; Ilgaz Akseli, Ph.D.; Scott Aldrich; 
Susan Cady, M.S.; Paul Curiy, Ph.D.; Mario Gonzalez, 
Ph.D.; Vivian A. Gray, B.S.; Ralph Heasley, Ph.D.; 

Anthony Hickey, Ph.D.; Michael Houghton; Munir A. 
Hussain, Ph.D.; Johannes Kramer, Ph.D.; Stefan Leiner, 
Ph.D.; David Long, Ph.D.; John Mauger, Ph.D.; Colin 
Minchom, Ph.D.; Jolyon Mitchell, Ph.D.; Muller Pierre- 
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Alain, Ph.D.; Guirag Poochikian, Ph.D.; Chetan Pujara, 
Ph.D.; Shobhan Sabnis, Ph.D.; John Shabushnig, Ph.D.; 
Jason Suggett, Ph.D., Raymond D. Skwierczynski, 

Ph.D.; Monica Tejwani, Ph.D.; Thomas Tice, Ph.D.; Kevin 
Warner, Ph.D.; Mehran Yazdanian, Ph.D. 

(771) Ophthalmic Preparation Expert Panel 

Ashim K. Mitra, Ph.D., Chair 

Dale S. Aldrich, Ph.D.; Cynthia M. Bach, M.S.; Martin 
Coffey, Ph.D.; Paul Curry, Ph.D.; Jeffrey S. Fleitman, 
Ph.D.; John Mauger, Ph.D.; Seshadri Neervannan, Ph.D.; 
Stacey M. Platzer; Chetan Pujara, Ph.D.; Satish K. Singh, 
Ph.D.; Monica Tejwani, Ph.D.; Thomas R. Tice, Ph.D. 

(788) Particulate Matter In Injections Expert Panel 

Dale S. Aldrich, Ph.D., Chair 

Dan Berdovich; Kevin Dahl, Ph.D.; Robert Gavin, M.S.; 
Kent A. Peterson; Dean Ripple, Ph.D. 


Thierry Bonnevay, Ph.D.; Ralph Breton, B.S. Pharm.; 
Claudio Denoya, Ph.D.; Gary du Moulin, Ph.D.; John 
Duguid, B.Sc.; Rajesh Gupta, Ph.D.; David Hussona, 
Ph.D.; Matthew Jenkins, M.S.; Amy Lynn McDaniel, 
Ph.D.; Michael Miller, Ph.D.; Felix Montero Julian, Ph.D. 
David Newon, Ph.D.; Kuldip Patel; Steven Richter, Ph.D. 
David Roesti, Ph.D.; Yongqiang Zhang, Ph.D.; Steve S. 
Zigler, Ph.D. 


General Chapters—Packaging and Distributlon 

Mary G. Foster, Pharm.D., BFA, Chair 

Bettine Boltres, Ph.D.; Glaucia Braga, Ph.D.; Jeffrey 
Carrico, Pharm.D.; Chris Chandler, Pharm.D.; Michael N. 
Eakins, Ph.D.; Dana Guazzo, Ph.D.; Renaud Janssen, 
Ph.D.; Dennis Jenke, Ph.D.; Wendy Mach, B.Sc.; Dan 
Malinowski; Daniel Norwood, Ph.D.; Devinder Pal, 

M.Pharm.; Robert Seevers, Ph.D.; Cheryl Stults, Ph.D.; Li 
Xiong, Ph.D.; Gao Yonghua, B.S.Pharm. 


Liquid-Filled Capsules Expert Panel 

VłVlAN A. Gray, B.S., Chair 

Ewart Cole, Ph.D.; Jean-Luc Colin, Ph.D.; Joe Fotso, 

Ph.D.; Munir A. Hussain, Ph.D.; Vi N. Schmidt, M.S.; 
Stephen C. Tindal; Madhusudan Vudathala, M.Pharm., 
M.B.A. 

Performance Test for Semisolid Dosage Forms Expert 
Panel 

Kailas Thakker, Ph.D., Chair 

Erie Beyssac, Ph.D.; Bryan Crist; James E. De Muth, 

Ph.D.; Geoffrey N. Grove, Ph.D.; L. Thomas Hall, Ph.D.; 
John S. Heaney; Matthew Kersey, Ph.D.; Hans-Juergen 
Knitter; Patricia L Lee, M.5.; Patrick C. Mahn; William M. 
Rosenthal; Steve W. Shaw 


(381) Elastomerlc Closure for Injections Expert Panel 

Dianę M. Paskiet, M.S., and Renaud Janssen, Ph.D., Co-Chairs 
Douglas J. Bali, M.S., DABT; Michael N. Eakins, Ph.D.; 
Dana Guazzo, Ph.D.; Dennis R. Jenke, Ph.D.; Heinz 
Kirchmeyer, Ph.D.; Philippe LeGall, M.S.; Daniel L. 
Norwood, Ph.D.; Michael A. Ruberto, Ph.D.; Wai (John) 
Wong, Ph.D.; Lisa M. Yoest, M.S. 

(659) Packaging and Storage Requirements Expert 
Panel 

Chris Chandler, Pharm.D., Chair 

Glaucia Braga, B.Sc.; Jeffrey Carrico, Pharm.D.; Mary G. 
Foster, Pharm.D. BFA; Eleanor Freeman, B.S.; Wendy 
Mach, B.Sc.; Devinder Pal, M.Pharm.; Robert H. Seevers, 
Ph.D.; Gao Yonghua, B.S. Pharm; Li Xiong, Ph.D. 


Solubility Critcria for Veterinary Drugs Expert Panel 

Mario A. Gonzalez, Ph.D., Chair 

Susan Cady, M.S.; Bryan Crist; Robert P. Hunter, M.S., 
Ph.D.; Mark G. Papich, M.S., D.V.M.; Alan F. Parr, 
Pharm.D., Ph.D.; Monica Tejwani, Ph.D. 

Use of Enzymes in the Dissolution Testing of Gelatin 
Capsules Expert Panel 

Vivian A. Gray, B.S., Chair 

Ewart Cole, Ph.D.; Joan M. Dalia Riva Toma, Ph.D.; Luigi 
Ghidorsi; Jian-Hwa Guo, Ph.D.; Feixue Han, Ph.D.; Jian- 
Hwa Han, Ph.D.; Christopher T. Hosty; Jianmei D. 
Kochling, Ph.D.; Johannes Kramer, Ph.D.; Thomas 
Langdon; Steven R. Leinbach; Stefan Leiner, Ph.D.; 
Gregory P. Martin, M.S.; Steven M. Meyerhoffer, Ph.D.; 
Richard C. Moreton, Ph.D.; Krishnaswamy S. Raghavan, 
Ph.D.; Edward Shneyvas, Ph.D.; Jason A. Suggett, Ph.D.; 
Stephen C. Tindal; Madhusudan Vudathala, M.Pharm., 
M.B.A.; Hu Wang, M.S. 

Visual Inspection of Parenterals Expert Panel 

Russell E Madsen, M.S., Chair 

Dale S. Aldrich, Ph.D.; John D. Ayres, M.D., J.D.; Roy 
Cherris; John G. Shabushnig, Ph.D.; Deborah Shnek, 
Ph.D. 

General Chapters — Microbiology 

David Hussonc, Ph.D., Chair 

James Agalloco, M.S.; James Akers, Ph.D.; Dilip Ashtekar, 
Ph.D.; Anthony Cundell, Ph.D.; Dennis Guilfoyle, Ph.D.; 
Rajesh Gupta, Ph.D.; Russell Madsen, M.S.; Karen 
McCulłough, M.S.; Robert Mello, Ph.D.; David Roesti, 
Ph.D.; Donald Singer, M.S.; Paul Stinavage, Ph.D.; 

Edward Tidswell, Ph.D. 

Modern Microbiological Methods Expert Panel 

Anthony Cundell, Ph.D., and Edward Tidswell, Ph.D., Co- 
Chairs 


Biocompatibillty of Materials Used in Packaging 
Systems, Mcdical Devices, and Implants Expert Panel 

Daniel L Norwood, Ph.D., Chair 

Douglas J. Bali, M.S.; Stephen A. Barat, Ph.D.; William P. 
Beierschmitt, Ph.D.; Denise Bohrer, Ph.D.; Tage C.G. 
Carlson, Ph.D.; Michael N. Eakins, Ph.D.; Jill A. Glosson, 
B.A.; John lannone, B.Sc.; Renaud Janssen, Ph.D.; 

Douglas E. Kiehl, M.Sc.; Wendy Mach, B.Sc.; Anita Y. 
Sawyer, M.S.; Cheryl Stults, Ph.D. 

Clinical Trial Materials (GDP) Expert Panel 

Mary G. Foster, Pharm.D., BFA, Chair 

Rafik H. Bishara, Ph.D.; Glaucia K. Braga, Ph.D.; Jeffrey 
Carrico, Pharm.D.; Steven A. Jacobs, M.B.A.; Martin 
Jeiven, M.S.; Claude Jolicoeur, B.S. 

(661.3) Plastic Systems Used for Manufacturing 
Pharmaceutical Products Expert Panel 

Dennis R. Jenke, Ph.D., Chair 

Denise G. Bestwick, B.S.; Weibing Ding, Ph.D.; Michael 
N. Eakins, Ph.D.; Mary G. Foster, Pharm.D., BFA; James 
Hathcock, Ph.D.; Jerold (Jerry) M. Martin, M.S.; Dianę M. 
Paskiet, M.S.; Robert Steininger; Cheryl L.M. Stults, 

Ph.D.; Ken M. Wong, M.Sc. 

General Chapters — Statistics 

Robert R. Singer, M.S., Chair 

Bruno Boulanger, Ph.D.; Richard Burdick, Ph.D.; David 
Christopher, M.5.; David Lansky, Ph.D.; Dave LeBlond, 
Ph.D.; Juris Meija, Ph.D.; Anthony Okinczyc, M.P.H.; 
Peter Rigsby, M.S.; Dennis Sandefl, Ph.D.; Timothy 
Schofield, M.A.; Charles Tan, Ph.D.; Edwin van den 
Heuvel, Ph.D.; jane Weitzel; Harry Yang, Ph.D. 

Content Uniformity with Large Sample Sizes Expert 
Panel 

Dennis Sandell, Ph.D., Chair 

James S. Bergum, Ph.D.; Walter Hauck, Ph.D.; Jeffrey 
Hofer, M.S.; Gregory L Larner, M.S. 
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Expert Committees for the National 
Formulary 


Expert Committees for the USP and the 
Dietary Supplements Compendium 


Excipients Monographs 1 

ERJC Munson, Ph.D., Chair 

Thiago Can/alho, Ph.D.; Brian Carlin, Ph.D.; Richard 
Cawthorne, Ph.D.; Richard Creekmore, Ph.D.; Vivek 
Dave, Ph.D.; Felicitas Guth; Otilia Koo, Ph.D.; Devalina 
Law, Ph.D.; Phil Merrell, Ph.D.; Dominie Moore; Chris 
Moreton, Ph.D.; Jasmine Musakhanian, M.S.; Charles 
Vesey, M.S.; Richard Wendt, Ph.D. 


(1059) Excipient Performance Expert Panel 

ERIC a. SCHMiTT, Ph.D., Chair 

Abdullah M. Al-Mohizea, Ph.D.; Shaukat Ali, Ph.D.; 
Lawrence H. Błock, Ph.D.; Patrick Deluca, Ph.D.; Carl 
Frey, M.S.; Xiaoronq He, Ph.D., M.B.A.; Stephen W. 
Hoag, Ph.D.; Michelle A. Long, Ph.D.; Richard C. 
Moreton, Ph.D.; Prabu Nambiar, Ph.D., M.B.A.; James 
A. Ponto, M.S.; Kent Sternitzke, Ph.D.; Kevin A. Swiss, 
Ph.D.; Sean V. Taylor, Ph.D. 


(1197) Good Distribution Practices for Bulk 
Pharmaceutical Excipients Expert Panel 

Richard C. Moreton, Ph.D., Chair 

Lawrence H. Błock, Ph.D.; William Dale Carter, M.S.; 
Zak T. Chowhan, Ph.D.; Marc Fages; Elizabeth 
Ferauson-Brown; Mary G. Foster, Pharm.D., BFA; 
Linda A. Herzog, M.B.A.; Ashok V. Katdare, Ph.D.; 
Zakiya Kurdi, Ph.D.; Edward G. Malawer, Ph.D., CQA; 
Frank Milek, Ph.D.; Becca Mitchell; Dwighl Mutchler; 
Garnet E. Peck, Ph.D.; Mikę Schultz, R.Ph.; Alexa 
Smith, M.S.; Glenn Sokoloski; Kelly Taylor; Jiasheng 
Tu, Ph.D. 


Excipients Monographs 2 

Mary C. Houck, Ph.D., Chair 

Lawrence H. Błock, Ph.D.; Andrew Bluj; Tim Cabelka, 
Ph.D.; Arya Jayatilaka, Ph.D.; Russell Maus, Ph.D.; Robert 
E. Osterberg, R.Ph., Ph.D., Fellow-ATS; Julie Warner Pier, 
M.S.; Anisul Quadir, Ph.D.; Gwen Rucker; Barbara Serr, 
Ph.D.; Huimin Sun, Ph.D.; Jiasheng Tu, Ph.D.; Fan Wu, 
Ph.D.; Timothy Yasika 

Glycerin Expert Panel 

Tim B. Cabelka, Ph.D., Chair 

Carlos E. Bortolotto, B.S.; Frances K. Byrne, M.S.; lan 
A. Duncan, Ph.D.; Balaji V. Kadri, M.Pharm., M.Sc., 
MBA; Tanja Natterer; Marian I. Rinken, Ph.D.; Gwen 
E. Rucker, B.S.; David A. Sharknas, B.S.; Hong Zhou, 
Ph.D. 

Povidones Expert Panel — CONCLUDED 

Bernhard D. Fussnegger, Ph.D., and Care Perini, m.S., Co- 
Chairs 

Feng Chen, Ph.D.; David J. Fillar, MBA; Edward G. 
Malawer, Ph.D.; Syed A.A. Rizvi, Ph.D.; John W. Spink, 
Ph.D.; Fan Wu, Ph.D. 

Tale Methods Expert Panel 

Julie Warner Pier, M.S., and Martin Rutstein, Ph.D., Co- 
Chairs 

Daniel Crane; Sean M. Fitzgerald, B.Sc.; Mickey E. 
Gunter, Ph.D.; Don Halterman, M.S.; Mary C. Houck, 
Ph.D.; Lee Poye, B.Sc.; Matthew S. Sanchez, Ph.D.; 
Alan M. Segrave, B.Sc.; Gary P. Tomanino, B.Sc.; 

Drew R. Van Ordern, M.A.; James Webber, Ph.D. 


Botanical Dietary Supplements and Herbal Medicines 

Robin J. Marłeś, Ph.D., Chair 

Thomas Brendler, B.A.; Josef A. Brinckmann; Paula 
Naomi Brown, Ph.D.; Angela Calderon, Ph.D.; Steven 
Dentali, Ph.D.; Edward Fletcher, B.A.; Stefan Gafner, 
Ph.D.; Joerg Gruenwald, Ph.D.; De-an Guo, Ph.D.; 
Sukhdev Swami Handa, M.Pharm., Ph.D.; James Hamly, 
Ph.D.; Craig Hopp, Ph.D.; Scott A. Jordan, Ph.D.; Ikhlas 
Khan, Ph.D.; Richard Ko, Pharm.D., Ph.D.; Tieraona Low 
Dog, M.D.; Mirtha Navarro, Ph.D.; Pilar Pais, Ph.D.; 
Guido Pauli, Pharm.D., Ph.D.; Eike Reich, Ph.D.; Paul 
Schiff, Ph.D.; Shangmei Sili, B.Sc. 

Herbal Medicines Compendium (HMC) East Asia 
Expert Panel 

De-An Guo, Ph D., Chair 

Yuan-shiun Chang, Ph.D.; ShiLin Chen, Ph.D.; Takashi 
Hakamatsuka, Ph.D.; Shen Ji, Ph.D.; Yeong Shik Kim, 
Ph.D.; Hwee-Ling Koh, Ph.D.; Clara Bik San Lau, Ph.D; 
Ping Li, Ph.D.; Qinq Li, Ph.D.; Shuangcheng Ma, 

Ph.D.; Shangmei Shi; Viet Hung Tran, Ph.D.; Pengfei 
Tu, Ph.D.; Wanying Wu, Ph.D.; Zhongzhen Zhao, 

Ph.D. 

Herbal Medicines Compendium (HMC) South Asia 
Expert Panel 

Sukhdev S. Handa, Ph D., FNAIM, FNA.SC, Chair 
Amit Agarwal, Ph.D.; Rasadah Mat Ali, Ph.D.; 
Mohamed Zahir Mohammed Farhad; C.K. Katiyar, 
Ph.D.; Ami Fazlin Syed Mohamed, Ph.D.; A. 

Nagarajan, Ph.D.; D.G. Naik, Ph.D.; Sankaran 
Natarajan, Ph.D.; M.K. Raina, Ph.D.; J.L.N. Sastry, 
Ph.D.; Rajeev Kr. Sharma, Ph.D.; R. Sundaram, Ph.D.; 
Neeraj Tandon, Ph.D.; Surapote Wongyai, Ph.D. 

Dietary Supplements Safety Modeling 

Mary L Hardy, M.D., Chair 

V.A. Shiva Ayyadurai, Ph.D.; Mary A. Fox, Ph.D., MPH; 
Scott A. Jordan, Ph.D.; Mkaya Mwamburi, M.D., Ph.D., 
MA (Econ); Dianę R. Mould, Ph.D.; Robert E. Osterberg, 
R.Ph., Ph.D., Fellow-ATS; Charlie Yoe, Ph.D. 

Non-Botanical Dietary Supplements 

Dennis K. J. Górecki, B.S.P., Ph.D., Chair 

Joseph Betz, Ph.D.; Michael Bradley, M.S.; James Brooks, 
Ph.D.; Bill Gurley, Ph.D.; Chung Hyun, M.S.; Joy Joseph, 
M.S.; Raimar Lobenberg, Ph.D.; Richard Myers, Ph.D.; 
James Neal-Kababick, B.Sc.; Peter Rice, Pharm.D., Ph.D.; 
Amy Roe, Ph.D.; Fabio Soldati, Ph.D.; Aniko Solyom, 

Ph.D.; Karunakar Sukuru, Ph.D.; Darryl Sullivan, Ph.D.; 
Edward Waysek, Ph.D. 

(2251) Adulteratlon of Dietary Supplements with 
Drugs and Drug Analogs Expert Panel 

Dennis K. J. Górecki, B.S.P., Ph.D., Chair 

Joseph M. Betz, Ph.D.; Pei Chen, Ph.D.; Hans Geyer, 
Ph.D.; Jana B. Hildreth, B.A.; Hwee-Ling Koh, Ph.D.; 
Ikhlas A. Khan, Ph.D.; Cynthia L. Morris-Ku kos ki, 
Pharm.D., DABAT, FAACT; James Neal-Kababick, B.Sc; 
Olh/ier Rabin, Ph.D.; John Spink, Ph.D.; Dariyl 
5ul!ivan, Ph.D.; Nicole Vu, Ph.D.; Kate Yu, Ph.D. 

Extended-Release Dietary Supplements Expert 
Panel 

Joy A. Joseph, M.S., Chair 

Charles Barton, Ph.D., DABT; Joseph F. Borzelleca, 

Ph.D.; Michael S. Bradley, M.S.; James R. Brooks, 

Ph.D.; Marion Ehrich, Ph.D.; Vivian A. Cray, B.S.; 
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Carol Johnston, Ph.D., RD; Raimar Lóbenberg, Ph.D.; 
Alexander C. Schauss, Ph.D., FACN; Elizabeth A. 
Yetley, Ph.D. 


Expert Committees for the Food 
Chemicals Codex 


Food Ingredionts 

Jonathan W. DeVries, Ph.D., Chair 

Janet Balson, M.S.; Richard C. Cantrill, Ph.D.; Junshi 
Chen, M.D.; Hwei-Fang Cheng, Ph.D.; Henry Chin, 

Ph.D.; Grady Chism, Ph.D.; Robin Churchill, Ph.D.; Roger 
Clemens, DrPH; John Cios, Ph.D.; Helen Darling, Ph.D.; 
Andrew Ebert, Ph.D.; Jaap Evers, Ph.D.; Carl Frey, M.S.; 
Einat Haleva, Ph.D.; Lori Klopf, Ph.D.; Hemant G. Koshia, 
Ph.D.; Dana Krueger, B.Sc.; Dianę McColl, J.D.; Bert 
Popping, Ph.D.; Yoko Uematsu, Ph.D.; Yongning Wu, 
Ph.D.; Liangli Yu, Ph.D. 

Food Adulteration Expert Panel 

Henry Chin, Ph.D., Chair 

Grant Abemethy, Ph.D.; David Bolliet; Richard C. 
Cantrill, Ph.D.; Christophe Cavin, Ph.D.; Robin 
Churchill, Ph.D.; Helen Darling, Ph.D.; Jonathan W. 
DeVrie5, Ph.D.; Andrew Ebert, Ph.D.; Kim Huynh-Ba, 
M.S.; Shaun Kennedy; Dana Krueger, B.Sc.; Michele 
Lees, Ph.D.; Bert Popping, Ph.D.; Lars Reimann, M.5.; 
Roman Romero, Ph.D.; Thomas Tarantelli, B.Sc.; Yoko 
Uematsu, Ph.D.; Saskia van Ruth, Ph.D.; Carl Winter, 
Ph.D.; Yongning Wu, Ph.D. 

Food Adulterants Hazard Identification Expert 
Panel 

Henry Chin, Ph.D., Chair 

Andrew Ebert, Ph.D.; Richard Lane, Ph.D.; Dianę 
McColl, J.D.; Bert Popping, Ph.D.; Joseph Scimeca; 

Carl Winter, Ph.D. 

Non-Targeted Methods for Milk Ingredients 
Expert Panel 

Robert Magaletta, Ph.D., Chair 

Sned Bhandari, Ph.D.; Jonathan W. DeVries, Ph.D.; 
Gerard Downey, Ph.D.; Stephen Ellison, Ph.D.; James 
M. Harnly, Ph.D.; 5teven Holroyd, Ph.D.; Gregory A. 
Israelson, B.Sc.; Joseph KaLzenmeyer, Ph.D.; Moon S. 
Kim, Ph.D,; Andrew Mackey, Ph.D.; Benjamin B. 
Perston, Ph.D.; Jianwei Qin, Ph.D.; Roman Romero, 
Ph.D.; Paul Wehling; Steven Zbylut, Ph.D. 

Olive Oil Authenticity and Quality Expert Panel 

Richard C. Cantrill, Ph.D., Chair 

Diego Luis Garcia-Gonzalez, Ph.D.; Claudia Guillaume, 
M.Sc.; Zohar Kerem, Ph.D.; Paul H. Miller, B.A.; 

Agusti Jordi Romero, Ph.D.; Selina Wang, Ph.D. 


Expert Committees for the USP and USP 
on Compounding 

Compounding 

Gigi 5. Davidson, B.S.Pharm., DICVP, Chair 

Lisa Ashworth, B.S.Pharm., R.Ph.; Gus Bassani, Pharm.D.; 
Ruth Ebiasah, Pharm.D., M.S.; Edmund J. Elder, Jr., 

Ph.D.; Ryan Forrey, Pharm.D., M.S.; Deborah Houston, 
Pharm.D.; Brenda Jensen, M.A.; Patricia C. Kienle, 

M.PA; William A. Mixon, M.S.; John Musil, Pharm.D.; 
David Newton, Ph.D.; Alan Parr, Pharm.D., Ph.D.; Abby 
Roth; Robert Shrewsbury, Ph.D.; Connie Rae Sullivan, 

B.S. Pharm.; James T. Wagner; Brenda Yuzdepski, B.S. 
Pharm. 


Compounding with Hazardous Drugs Expert Panel 

Patricia C. Kienle, M.PA, Chair 

Thomas H. Connor, Ph.D.; Erie Kastango, M.B.A., B.S. 
Pharm.; Melissa A. McDiarmid, M.D., MPH; Kenneth 
R. Mead, Ph.D.; Martha Polovich, Ph.D.; Lucille A. 
Power; James T. Wagner 


Government Liaisons to Expert 
Committees and Expert Panels 


United States Food and Drug Administration (FDA) 
Liaisons 

Eileen Abt, Ph.D.; Raiiv Agarwal, Ph.D.; Mohammed Ahmed, 
M.S.; Ali Al-Hakim, Pn.D.; Om Anand, Ph.D.; Jane Axelrad, 
J.D.; Matthew Barlow, RN, BSN; Eden Bermingham, DVM, 
MS, DACVCP; Jonathan Bray, B.S.; Michael Brent; Michael 
Brewer, Ph.D.; Daniel Brown, Lucinda Buhse, Ph.D.; Teresa 
Cain, Ph.D.; Steven Casper, Ph.D.; Wiley Chambers, M.D.; 
Jane Chang, Ph.D.; Richard Chana, Ph.D.; Anissa Cheung, 
Ph.D.; Donna Christner, Ph.D.; John Cipollo, Ph.D.; David 
Claffey, Ph.D.; Mikę Darj, Ph.D.; Swapan De, Ph.D.; lan 
DeVeau, Ph.D.; Michelle Dillahunt, Ph.D.; Shulin Ding, 

Ph.D.; Zedong Dong, Ph.D.; Jinhui Dou, Ph.D.; Jason 
Dreabit, MA; Okponanabofa Eradiri, Ph.D.; Córy Evans, 
Ph.D.; Raafat Fahmy, Ph.D.; Daniel Folmer, Ph.D.; Rick 
Friedman, M.5.; Michael Furness, M.5.; Zongming Gao, 
Ph.D.; Mohamed Ghorab, Ph.D.; Tapash Ghosh, Ph.D.; 
Devinder Gili, Ph.D.; Gurpreet Gill-Sangha, Ph.D.; Lillie 
Golson, Pharm.D.; Edisa Gozun, Pharm.D.; Damon Green, 
M.D.; Yin Guo, Ph.D.; Linan Ha, Ph.D.; William Hallett, 

Ph.D.; Blake Hamann, Ph.D.; Bruce Harris, Ph.D.; Danielle 
Marie Harris, Pharm.D.; William Hess, B.S. Pharm; Hank 
Hoang, Ph.D.; Gloria Huang, Ph.D.; Laura Huffman, M.S.; 
Gregory Hunter, Ph.D.; Latiff Hussain, Ph.D.; Mai Huynh, 
Ph.D.; Robert Iser, M.5.; Joseph E. Jabłoński, Ph.D.; Young 
Jhon; Ravindra Kasliwal, Ph.D.; John Kauffman, Ph.D.; David 
Keire, Ph.D.; Michael Kennedy, Ph.D.; James Kenney, Ph.D.; 
Andrea Kerrigan, M.S.; Saeed Khan, Ph.D.; Erin Kim, Ph.D.; 
Kathryn E. King, Ph.D.; Donald Klein, Ph.D.; Bogdan 
Kurtyka, Ph.D.; Stephen Langille, Ph.D.; David Lau, MA; 
Hyoung S Lee, Ph.D.; Sau Lee, Ph.D.; Xihao Li; Jennifer 
Liang, Ph.D.; Tsai-Lien Lin, Ph.D.; Heather Lombardi, Ph.D.; 
Ewa Marszal, Ph.D.; Marilyn Martinez, Ph.D.; Timothy 
McGovem, Ph.D.; Jeffrey Medwid, Ph.D.; Randa Melnem, 
Ph.D.; John Metcalfe, Pn.D.; Yana Mille, B.S. Pharm; Amit 
Mitra, Ph.D.; Magdi Mossoba. Ph.D.; Laura Moussa, Ph.D.; 
Karunakar Neelam, Ph.D.; Pallavi Nithyanandan, Ph.D.; 

Rachel Novak, Ph.D.; Steven Oh, Ph.D.; Frank Perrella, 

Ph.D.; Erika Pfeiler, Ph.D.; Laura Pogue, Ph.D.; Zhihao Peter 
Qiu, Ph.D.; Ziyaur Rahman, Ph.D.; Radhika Rajagopalan, 
Ph.D.; MuthuKumar Ramaswamy, Ph.D.; Sam G. Raney, 

~ ~ ' ł * ' ~ ‘ Tdre ~ ' 


Ph.D.; Ashutosh Rao, Ph.D.; Andre Raw, Ph.D.; Shahnaz 
Read, Ph.D.; Bhagwant Rege, Ph.D.; James Rice, Ph.D.; Jason 
Rodriguez, Ph.D.; Sara Rothman; Allen Rudman, Ph.D.; R.D. 
Satzger, Ph.D.; Zuben Erach Sauna, Ph.D.; Peter Scholl; 
Suzanne Sechen, Ph.D.; Hamid Shafiei, Ph.D.; Rakhi Shah, 
Ph.D.; Balajee Shanmugam, Ph.D.; Xiaobin Shen, Ph.D.; 
Akhtar Siddiqui, Ph.D.; Mark Skasko, Ph.D.; Fenhong Song, 
Ph.D.; Jannavi Srinivasan, Ph.D,; Benjamin Stevens, M.P.K; 
Marla Stevens-Riley, Ph.D.; Yichun Sun, Ph.D.; Zhigang Sun, 
Ph.D.; Jennifer Swisher, Ph.D,; Frank Switzer, Ph.D.; Neeru 
Takiar, M.S.; Jennifer Thomas, Ph.D.; Yiying Tsai, Pharm.D.; 
Saleh Turujman, Ph.D.; Katherine Tyner, Ph.D.; Alex 
Viehmann, Ph.D.; John Whyte, Ph.D.; Steve Wolfgang, 

Ph.D.; Bingyuan Wu, Ph.D.; Geoffrey Wu, Ph.D.; Larisa Wu, 
Ph.D.; Jo Wyeth, Pharm.D.; Xiaoming Xu, Ph.D.; Betsy Jean 
Yakes, Ph.D.; Jingyue Yang, Ph.D.; Sn Rama Krishnaian 
Yellela, Ph.D.; Xavier Ysern, Ph.D.; Jin Zhang, Ph.D.; Yuda 
Zong, Ph.D. 
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Other Government Llalsons 


Agency for Healthcare Research and Quality 

Dianę D‘. Cousins, RPh 

U.S. Centers for Disease Control and Prevention 

Nadine Shehab, Pharm.D., M.P.H.; Melissa Schaefer, 
M.D. 

Health Canada 

Victoria Kyeyune, Ph.D.; Jessica Priem, M.S. 


In Memoriam 

USP would like to acknowledge the following Expert 
Volunteers and Government Liaisons who have passed away 
during the 2015-2020 Cycle: 

Scott V.W. Sutton, Ph.D. (General Chapters— 
Microbiology Expert Committee) 
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People / Convention Members xix 


Members and Delegates of 

the United States 
Pharmacopeial Convention 

as of 


Academic Institutions and 
Associations Thereof—Academic 
Associations 

American Associotion of Colleges of Nursing, Ginette A. 
Pepper, Ph.D. 

Amencan Associotion of Colleges of Osteopathic Medicine, 
Anthony). Silvagni, D.O., Pharm.D., M.Sc., FACOFP, 
FAFPE 

American Associotion of Colleges of Pharmacy, Lucinda L. 
Maine, Ph.D. # R.Ph. 

Msociation of American Medical Colleges, David W. 
Nierenbera, M.D. 

Associotion of American Veterinary Medical Colleges , Dawn M. 

Boothe, D.V.M., Ph.D., M.S. 

Associotion of Faculties of Pharmacy of Canoda, Raimar 
Loebenberg, Ph.D. 

Academic Institutions and 
Associations Thereof—Colleges 
and Schools of Medicine 

Boylor College of Medicine , Lynn C. Yeoman, Ph.D. 

Boston University School of Medicine, Carol T. Walsh, Ph.D. 
Brody School of Medicine ot East Carolina UnWersity, Abdel A. 
Abdel-Rahman, Ph.D., FAHA 

Case Western Reserye UnWersity School of'Medicine, Walter B. 
Geho, M.D., Ph.D. 

Chicago Medical School ot Rosalind Franklin UnWersity of 
Medicine and Science, Ann K. Snyder, Ph.D. 

Columbia UnWersity College of Physicians and Surgeons, 

Rudina Odeh-Ramadan, Pharm.D. 

Creighton UnWersity School of Medicine, Peter W. Abel, Ph.D. 
Duke UnWersity School of Medicine, Sharon L. Ellison, 
Pharm.D. 

East Tennessee State UnWersity /ames H. Quillen College of 
Medicine, Kenneth E. Ferslew, Ph.D. 

Eastern Virginia Medical School, Senthil Kumar Rajasekaran, 
M.D. 

Florida State UnWersity College of Medicine, Graham A. 

Patrick, Ph.D. 

Ceisel School of Medicine at Dartmouth, Lionel D. Lewis, M.D. 
Georgetown UnWersity School of Medicine, Thomas G. 
Sherman, Ph.D. 

Howard UnWersity College of Medicine, Robert E. Taylor, M.D., 
Ph.D., FACP 

Indiana UnWersity School of Medicine, David R. Jones, Ph.D. 
joan C. Edwards School of Medicine Marshall UnWersity, Gary 
O. Rankin, Ph.D. 

Johns Hopkins UnWersity School of Medicine, Daniel M. Ashby, 
M.S., FA5HP 


May 31, 2016 


Keck School of Medicine of UnWersity of Southern California, 
Paul D. Holtom, M.D. 

Loma Linda UnWersity School of Medicine, John N. Buchholz, 
Ph.D. 

Louisiana State UnWersity School of Medicine, Kurt J. Varner, 
Ph.D. 

Louisiana State UnWersity School of Medicine at Shreveport, 
Henry R. McKnight, B.S., M.S., Pharm.D. 

Loyo/a UnWersity Chicago Stritch School of Medicine, Jawed 
Fareed, Ph.D. 

Mayo Medical School, Peter J. Post, Pharm.D., R.Ph. 

Medical UnWersity of South Carolina College of Medicine, 
Kenneth D. Tew, Ph.D. 

Meharry Wledical College School of Medicine, Clivel G. 
Charlton, Ph.D. 

Mercer UnWersity School of Medicine, Wayne Glasgow, Ph.D. 

Michigan State UnWersity College of Humań Medicine, Rami B. 
Ibrahim, M.Sc., Pharm.D., BCPS, BCOP 

Morehouse School of Medicine, Ward Kirlin, Ph.D. 

Mount Sinai School of Medicine, Joel S. Mindel, M.D., Ph.D. 

New York Medical College, Mario A. Inchiosa, Ph.D. 

New York UnWersity School of Medicine, Lewis S. Nelson, 

M.D. 

Northeast Ohio Medical UnWersity College of Medicine, Werner 
Geldenhuys, Ph.D. 

Northwestern UnWersity Feinberg School of Medicine, Steven 
M. Belknap, M.D. 

Ohio State UnWersity College of Medicine, Robert J. Weber, 
Pharm.D., M.S. 

PennsyWania State UnWersity College of Medicine, Kelly D. 
Karpa, Ph.D., R.Ph. 

Rutgers, the State UnWersity of New Jersey, New Jersey Medical 
School, Deborah Lazzanno, Ph.D. 

Rutgers, the State UnWersity of New Jersey, Robert Wood 
Johnson Medical School, Susan Goodin, Pharm.D., FCCP, 
BCOP 

Saint Louis UnWersity School of Medicine, Heather Macarthur, 
Ph.D., B.Sc. 

San Juan Bautista School of Medicine, Marielis E. Rivera Ruiz, 
Ph.D. 

Sidney Kimmel Medical College at Thomas Jefferson UnWersity, 
Walter Kraft, M.D., M.S., FACP 

Southern Illinois UnWersity School of Medicine, Carl Faingold, 
Ph.D. 

SUNY at Buffalo School of Medicine and Biomedical Sciences, 
Paul J. Kostyniak, Ph.D., DABT 

SUNY Downstate Medical Center College of Medicine, Jacob V. 
Aranda, M.D., Ph.D., FRCPC 

SUNY Upstote Medical UnWersity, David F. Lehmann, M.D., 
Pharm.D. 

Tempie UnWersity School of Medicine, Alan Cowan, Ph.D. 

Texas A&M Health Science Center College of Medicine, D. 
Samba Reddy, Ph.D., R.Ph. 

The Warren Alpert Medical School of Brown UnWersity, Wayne 
D. Bowen, Ph.D. 
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Tufts University School of Medicine, Ross W. Thompson, M.S., 

Tulane UnWersity School of Medicine , David W. Busija, Ph.D., 
M.D. (Hon.) 

Uniformed Services UnWersity of the Health Sciences; Louis R. 
Cantilena, M.D., Ph.D. 

UnWersidad Central del Caribe School of Medicine, Harry 
Mercado, M.D. 

UnWersity of Alabama at Birmingham School of Medicine, 
Richard ). Whitley, M.D. 

UnWersity of Arizona College of Medicine, Hillary A. Franke, 
M.D., M.S. 

UnWersity of Arkansas for Medical Sciences College of Medicine, 
Paul L Prather, Ph.D., B.S. 

University of Califomia Davis School of Medicine, Timothy E. 

Albertson, M.D., M.P.H., Ph.D. 

University of Califomia San Francisco School of Medicine, Linda 
L. Liu, M.D. 

(Jniversity of Chicago Pritzker School of Medicine, Michael L. 
Maitland, M.D., Ph.D. 

University of Cincinnati Colleqe of Medicine, Mariannę F. Ivey, 
Pharm.D., M.P.H., FASHP 

University of Connecticut Health Center School of Medicine, 
Kimberly ). Metcalf, Pharm.D. 

UnWersity of Hawaii John A. Burns School of Medicine, Robert 
A. Nichols, Ph.D. 

University of Illinois College of Medicine at Chicago, Randal A. 
Skidcjel, Ph.D. 

University of Iowa Can/er College of Medicine, Donald E. 
Letendre, Pharm.D. 

UnWersity of Kansas School of Medicine, Sam ). Enna, Ph.D. 
UnWersity of Kentucky College of Medicine, Lisa A. Cassis, 

Ph.D. 

UnWersity of LouisviUe School of Medicine, Demelra 
Antimisiaris, Pharm.D., CGP, FASCP 
University of Maryland School of Medicine, Mamaret M. 
McCarthy, Ph.D. 

UnWersity of Massachusetts Medical School, Roy Guharoy, 
Pharm.D., M.B.A., FCP, FCC, FASHP 
UnWersity of Miami Miller School of Medicine, Joshua D. 
Lenchus, D.O., R.Ph., FACP 

Lto/Vers/fy of Michigan Medical School, Paul F. Hollenberg, 

University of Mississippi School of Medicine, Deborah 5. Minor 
Pharm.D., FAHA 

Universitv of Missouri-Kansas City School of Medicine, James 
M. Wooten, Pharm.D. 

UnWersity of Nebraska College of Medicine, L. Charles Murrin, 
Ph.D. 

UnWersity of Nevada School of Medicine, lain L. Buxton, 
Pharm.D. 

UnWersity of New Mexico Health Sciences Center School of 
Medicine, Arti Prasad, M.D. 

University of North Dakota School of Medicine and Health 
Sciences, James E. Porter, Ph.D. 

UnWersity of Oklahoma College of Medicine, Pramod K. 

Chetty, M.D. 

UnWersity of Pennsylvania School of Medicine, Patrick J. 

Brennan, M.D. 

University of Pittsburgh School of Medicine, Dennis P. 

Swanson, M.S. 

University of Puerto Rico School of Medicine, Miguel A. 

Marrero, M.D. 

University of South Alabama College of Medicine, Jack A. 

Di Pa Im a, B.S., M.D. 

University of South Carolina School of Medicine, Kenneth B. 
Wałsh, Ph.D. 

UnWersity of South Florida Morsani College of Medicine, 

Shufeng Zhou, M.D., Ph.D. 

UnWersity of Tennessee, Memphis College of Medicine, Trevor 
W. Sweatman, Ph.D. 

University of Texas Medical School at Houston, Gary C. 

Rosenfeld, Ph.D. 

UnWersity of Utah School of Medicine, Richard J. Sperry, M.D., 
Ph.D. K • 


University of Wginia School of Medicine, Robert J. Meyer, 
M.D. 

University of Washington School of Medicine, Suzanne M. 
Allen, M.D., M.P.H. 

University of Wisconsin School of Medicine and Public Health, 
F. Michael Hoffmann, Ph.D. 

Vanderbilt UnWersity School of Medicine, C. Michael Stein, 
M.D. 

Wginia Commonwealth UnWeisity School of Medicine, 

Dominie A. Sica, M.D. 

Wake Forest University School of Medicine, Kathy P. Bricker, 
Pharm.D., BCPS 

Washington UnWersity School of Medicine in St. Louis, Evan D. 
Kharasch, M.D., Ph.D. 

Woyne^State UnWersity School of Medicine, Stephen A. Lerner, 

Wright State UnWersity Boonshoft School of Medicine, Khalid 
M. Elased, Ph.D., R.Ph. 

Yale UnWersity School of Medicine, Seth Powsner, M.D. 

Academic Institutions and 
Associations Thereof—Colleges 
and Schools of Pharmacy 

Aubum UnWersity Harrison School of Pharmacy, William R. 
Ravis, Ph.D. 

Butler UnWersity College of Pharmacy and Health Sciences, 
5udip K. Das, Ph.D. 

Campbell UnWersity School of Pharmacy, Antoine Al-Achi, 
M.S.Pharm., Ph.D., M.S. 

C/7 icago State UnWersity College of Pharmacy, Duc P. Do, 

Creighton UnWersity School of Pharmacy and Health 
Professions, J. Cnristopher Bradberry, Pharm.D. 

Drakę UnWersity College of Pharmacy and Health Sciences, 
Abebe E. Mengesha, Ph.D. 

Duauesne UnWersity Mylan School of Pharmacy, Ira S. 

Buckner, Ph.D. 

Ernest Mario School of Pharmacy at Rutgers UnWersity, 

Longqin Hu, Ph.D. 

Ferris State UnWersity College of Pharmacy, Kim E. Hancock, 
Ph.D. 

Florida A «Sr M UnWersity College of Pharmacy and 
Pharmaceutical Sciences, Mandip Sachdeva, Ph.D. 

Hamętor^ UnWersity School of Pharmacy, Chengan Du, Ph.D., 

Howard UnWersity College of Pharmacy, Nursing and Allied 
Health Sciences, Emmanuel O. Akala, Ph.D. 

Idaho State UnWersity College of Pharmacy, Kevin W. 

Cleyeland, Pharm.D. 

Lakę Erie College of Osteopathic Medicine School of Pharmacy, 
Sachin S. Devi, B.Pharm., Ph.D. 

Loma Linda UnWersity School of Pharmacy, W. William 
Hughes, Ph.D. 

Łona Island UnWersity Arnold and Marie Schwartz College of 
Pharmacy and Health Sciences, David R. Taft, B.S.Pharm., 
Ph.D. 

Massachusetts College of Pharmacy and Health Sciences — 
Boston, David A. Williams, Ph.D. 

Massachusetts College of Pharmacy and Health Sciences School 
of Pharmacy— Worcester, Robert Campbell, Ph.D., M.S. 
Mercer UnWersity College of Pharmacy and Health Sciences, 

J. Grady Strom, Ph.D. 

Midwestem UnWersity Chicago College of Pharmacy, Anna 
Kabakov, Pharm.D. 

Midwestem UnWersity College of Pharmacy—Clendale, Bill J. 
Bowman, Ph.D., R.Ph. 

North Dakota State UnWersity College of Pharmacy, Nursing 
and Allied Sciences, Jagdish Singh, Ph.D. 

Northeastern UnWersity Bouve College of Health Sciences 
School of Pharmacy, Mansoor M.Amiii, Ph.D. 

NOVA Southeastem UnWersity College of Pharmacy, Hamid H. 
Omidian, Ph.D., M.Sc., B.Sc. 
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Ohio Northern Universily Raabe College of Pharmacy, Jenelle 
L Sobotka, Pharm.D. 

Oreaon State University College of Pharmacy, J. Mark 
Lhristensen, Ph.D. 

Pacific Uniyersity College of Health Professions School of 
Pharmacy, Susan M. Stein, R.Ph., M.S. 

Palm Beach Atlantic University Gregory School of Pharmacy, 
Adwoa O. Nornoo, B.Pharm., M.S., Ph.D. 

Purdue Uniyersity School of Pharmacy and Pharmaceutical 
Sciences, Stephen R. Byrn, Ph.D. 

Roseman Uniyersity of Health Sciences College of Pharmacy, 
Mark C. Decerbo, Pharm.D., BCPS, BCNSP 
Samford Uniyersity McWhorter School of Pharmacy, lohn I. 
Arnold, Ph.D., B.S. 

Shenandoah Uniyersity Bernard /. Dunn School of Pharmacy, 
Nina Hengen, M.D., Ph.D. 

South Carolina College of Pharmacy, James J. Sterrett, 
Pharm.D., BCPS 

South Dakota State Uniyersity College of Pharmacy, David L. 

Helgeland, B.S.Pharm., M.B.A., Ed.D. 

South Uniyersity School of Pharmacy, S. Craig Dyar, Ph.D. 
Southern Illinois Uniyersity Edwardsville School of Pharmacy, 
William M. Kolling, Pn.D. 

Southwestem Oklahoma State Uniyersity School of Pharmacy, 
Shelly Stockton, Ph.D. 

St. John r s Uniyersity College of Pharmacy and Allied Health 
Professions, Abu Serajuddin, Ph.D. 

St. Louis College of Pharmacy, John Pieper, Pharm.D. 

SUNY at Buffalo School of Pharmacy ond Pharmaceutical 
Sciences, Alfred T. Reiman, R.Ph. 

Tempie Uniyersity School of Pharmacy, Michael Borenstein, 
Ph.D. 

Texas Southern Uniyersity College of Pharmacy and Health 
Sciences , Dong Liang, Ph.D. 

Texas Tech Uniyersity Health Sciences Center School of 
Pharmacy, Arthur A. Nelson, Ph.D., R.Ph. 

The Ohio State Uniyersity College of Pharmacy, Robert W. 
Brueggemeier, Ph.D. 

The Uniyersity of Arizona College of Pharmacy, Michael 
Mayersohn, Ph.D. 

The Uniyersity of Iowa College of Pharmacy, Mickey L. Wells, 
Ph.D. 

The Uniyersity of Louisiana at Monroe College of Pharmacy, 
Sami M. Nazzal, Ph.D. 

The Uniyersity of North Carolina at Chopel Hill Eshelman 
School of Pharmacy, Dennis M. Williams, Pharm.D. 

The Uniyersity of Texas at Austin College of Pharmacy, Janet C. 
Wałków, Ph.D. 

The Uniyersity of Toledo College of Pharmacy, Kenneth S. 
Alexander, R.Ph., Ph.D. 

Touro Uniyersity Catlfomio College of Pharmacy, Alison 
McCormick, Ph.D. 

Uniyersity of Arkansas for Medical Sciences College of 
Pharmacy, Melanie Reinhardt, Pharm.D. 

Uniyersity of California San Diego Skaggs School of Pharmacy 
and Pharmaceutical Sciences, Grace M. Kuo, Pharm.D., 
Ph.D., M.P.H. 

Uniyersity of California San Francisco School of Pharmacy, 

Leslie Z. Benet, Ph.D. 

Uniyersity of Cincinnati james L Winkle College of Pharmacy, 
Pankaj B. Desai, Ph.D. 

Uniyersity of Colorado Skaggs School of Pharmacy, Peter |. 

Rice, Pharm.D., Ph.D. 

Uniyersity of Connecticut School of Pharmacy, Peter J. 

Tyczkowski, R.Ph., M.B.A. 

Uniyersity of Fforido College of Pharmacy, Rhonda 
Cooper-DeHoff, Pharm.D., M.S., FAHA 
Uniyersity of Georgia College of Pharmacy, Gurvinder Singh 
Rekhi, Ph.D., M.S. 

Uniyersity of Houston College of Pharmacy, F. Lamar Pritchard, 

Uniyersity of Illinois at Chicago College of Pharmacy, 

Stephanie Y. Crawford, Ph.D., M.P.H. 

Uniyersity of Kansas School of Pharmacy, Christian Schoneich, 
Ph.D. 


Uniyersjty of Kentucky College of Pharmacy, Erie J. Munson, 

Uniyersity of Maryland School of Pharmacy, Natalie D. 
Eddington, Ph.D. 

Uniyersity of Michigan College of Pharmacy, Gregory E. 
Amidon, B.S., Ph.D. 

Uniyersity of Minnesoto College of Pharmacy, Marilyn K. 
Speedie, Ph.D. 

Uniyersity of Mississippi School of Pharmacy, Michael A. 

Repka, D.D.S., Ph.D. 

Uniyersity of Missouri-Konsas City School of Pharmacy, Cydney 
E. McQueen, Pharm.D. 

Uniyersity of Nebraska Medical Center College of Pharmacy, 
Michael F. Powell, B.5. Pharm., M.S. 

Uniyersity of New Mexico College of Pharmacy, Lynda S. 
Welage, B.S., Pharm.D. 

Uniyersity of Oklahomo College of Pharmacy, Vibhudutta 
Awasthi, Ph.D., M.Pharm. 

Uniyersity of Pittsburgh School of Pharmacy, Michael A. 
Zemaitis, Ph.D. 

Uniyersity of Rhode Island College of Pharmacy, David R. 
Worthen, Ph.D., J.D. 

Uniyersity of Sao Paulo College of Pharmacy, Prof. Terezinha 
de Jesus Andreoli Pinto 

Uniyersity of Southern California School of Pharmacy, Stan G. 
Louie, Pharm.D. 

Uniyersity of Tennessee Health Science Center College of 
Pharmacy, Laura A. Thoma, Pharm.D., B.S. 

Uniyersity of the Pacific Thomas /. Long School of Pharmacy 
ond Health Sciences, Xiaolina Li, Ph.D. 

Uniyersity of the Sciences in Philadelphia, Philadelphia College 
of Pharmacy, Daniel A. Hussar, Ph.D. 

Uniyersity of Utah College of Pharmacy, John W. Mauger, 

Ph.D. 

Uniyersity of Washington School of Pharmacy, Thomas K. 

Hazlet, Pharm.D., Dr.P.H. 

Uniyersity of Wisconsin-Madison School of Pharmacy, James E. 
DeMuth, Ph.D., R.Ph. 

Uniyersity of Wyoming School of Pharmacy, Kurt Dolence, 

Ph.D. 

Virginia Commonwealth Uniyersity/Medical College of Wginia 
School of Pharmacy, Phillip M. Gerk, Pharm.D., Ph.D. 
Washington State Uniyersity College of Pharmacy, Danial E. 

Baker, Pharm.D., FASHP, FASCP 
Wayne State Uniyersity Eugene Appleboum College of 
Pharmacy and Health Sciences, Sheila M. Wilhelm, 

Pharm.D. 

West Virginia Uniyersity School of Pharmacy, Arthur I. 
Jacknowitz, Pharm.D. 

Western Uniyersity of Health Sciences College of Pharmacy, 

Sunil Prabhu, Pharm.D., R.Ph. 

Wilkes Uniyersity Nesbitt School of Pharmacy, Harvey A. 

Jacobs, Ph.D. 

Xavier Uniyersity of Louisiana College of Pharmacy, Tarun K. 
Mandal, Ph.D. 

Academic Institutions and 
Associations Thereof—Colleges 
and Schools of Osteopathic 
Medicine 

NOVA Southeastern University College of Osteopathic Medicine, 
Nicole Cook, Ph.D., M.P.H. 

Consumer and Other 
Organizations Representing the 
Public Interest 

AARP, Leigh Purvis 

Alzheimers Association, William Thies, Ph.D. 
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American Autoimmune Related Diseases Association, Virginia T. 
Ladd, R.T. 

American Cancer Society, Mark Clanton, M.D., M.P.H. 
American Diabetes Association, Jane L. Chiang, M.D. 

American Health Quality Association , Kenneth Mishler, R.Ph., 
Pharm.D. 

American Heart Association, Robert Lee Page ll f Pharm.D., 
M.S.P.H., FCCP, FAHA, FASHP, FASCP, BCPS, CGP 
Arthritis Foundation, |ohn H. Klippel, M.D. 

Center for Science in the Public Interest, David G. Schardt, 


M.S. 

Consumers Union, Lisa L. Gili, B.A. 

ECRI Institute, Jeffrey C. Lerner, Ph.D. 

Institute for Sofę Medication Practices, Michael R. Cohen, 
R.Ph., M.S., Sc.D., FASHP 
National Consumers League, Karin Bolte, ).D. 

National Council on Patient Information and Education, 
William R. Bullman, M.A.M. 

National Osteoporosis Foundation, Amy Porter 

William /. Clinton Foundation, Rodger W. Stringham, Ph.D. 


Governmental Bodies or Divisions 
or Associations Thereof 


Agency for Healthcare Research and Quality, Scott R. Smith, 
Ph.D. 

Argentine Pharmacopoeia , Hśctor A. Giulianl, Pharm.D. 

Association of Food and Drug Officials, Cynthia T. Culmo 

Brazilian Pharmacopoeia Commission, Mónica da Luz 
Carvalho Soares 

BraziPs National Institute of Quality Control in Health, Filipe 
Soares Quirino 5ilva, Ph.D. 

British Pharmacopoeia Commission, |ames Pound 

Centers for Disease Control and Prevention, Cindy P. 
Dougherty, Pharm.D. 

Centers for Medicare & Medicaid Services, Jeffrey A. Kelman, 
M.D. 

China National Center for Food Safety Risk Assessment, Junshi 
Chen, M.D. 

Chinese Phannacopoeia Commission, Zhang Wei 

Department of Veterans Affairs Veterans Health Administration, 
Timothy J. Stroup, R.Ph. 

European Directorate for the Quality of Medicines and 
Healthcare, Susanne Keitel 

FDA Center for Biologics Evaluation and Research, John G. 
Bishop III. Ph.D. 

FDA Center for Devices and Radiological Health, Marilyn M. 
Lightfoote, M.D., Ph.D. 

FDA Center for Drug Evaluation and Research, Pallavi 
Nithyanandan, Ph.D. 

FDA Center for Food Safety and Applied Nutrition, Daniel E. 
Folmer, Ph.D. 

FDA Center for Veterinary Medicine, Janis R. Messenheimer, 
D.V.M. 

Federol Commission for Protection Against Sanitary Risks, Rocio 
del Carmen Alatorre Eden-Wynter, M.C. 

Federal Sernice on Sun/eiUance in Healthcare of Russian 
Federation, Va!entina F. Kosenko, Ph.D., Pharm. 

Food and Drugs Authority, Ghana, Erie Karikari-Boateng, M.S. 

Food, Medicine and Health Care Administration and Control 
Authority of Ethiopia, Yehulu Denekew Alamneh, B.Sc., 
M.A. 

General Directorate of Medicines, Supplies and Drugs, Laura 
Cerón, Pharm.D. 

Health Canada, Karen Reynolds 

Health Canada, Food Directorate, Barbara Lee 

Health Canada, Notural and Non-prescription Health Products 
Directorate, Jeannine R. Ritchot 

Indian Pharmacopoeia Commission, G.N. Singh, Ph.D., 

M.Pharm. 


Indonesian Pharmacopoeia Commission, Augustine Zaini, M.S. 
International Trode Administration — U.S. Department of 
Commerce, James D. Rice, B.A., M.A. 
japan ł s Ministry of Health Labour and Welfare, 

Pharmaceuticals and Medical Devices Agency, Nobuo 


Uemura 

lordan Food and Drug Administration, Dr. Lubna R. Qusous 

Ministry of Food and Drug Safety, Dr. Jin-Ho Wang 

Ministry of Health of the Republic of Belorus, Liudmila 
Reutskaya, Pharm.D. 

Ministry of Health of the Republic of Uzbekistan, Mirzohidjon 
Kodirov, Ph.D. 

Ministry of Health of Turkey, Filiz Butev Koę, Ph.D. 

Morocco's Directorate of Medicines and Pharmacy, Laila 
Hakkou 

National Agency for Food and Drug Administration and 
Control, Dr. Monica H. Eimunjeze 

National Association of Boards of Pharmacy, Elizabeth Scott 
Russell, B.S.Pharm. 

National Center for Quality Control, Ofelia del Rosario Villalva 
Rojas, Q.F. 

National Centre for Expertise of Drugs, Medical Products and 
Medical Eguipmenl, Ardak U. Tulegenova, Ph.D. 

National Drug Authority of Uganda, Gordon Katende 
Sematlko 

National Health Surveillance Agency, Lais Santana Dantas, B.S. 

National Institute for Biological Standards and Control, Adrian 
F. Bristow, Ph.D. 

National Institute of Drug and Food Surveillance, Eduardo 
Vergel Bayona 

National Institute of Metrology, Quality and Technology, Valnei 
Smaręaro da Cunha, Ph.D. 

National Institute of Standards and Technology, Michael J. 


Tarlov, Ph.D. 

National Institutes for Food and Drug Control, Bo Li, Ph.D. 
National Institutes of Health, Robert DeChristoforo, R.Ph., 
M.S., FASHP 

Permanent Commission of the Pharmacopoeia of the United 
Mexican States, Maria del Carmen Becerril-Martinez 
Pharmacopoeia of Chinese Taipei, Jaw-Jou Kang, Ph.D. 
Pharmacy Council of India, Bhojraj Suresh, M.Pharm., Ph.D., 
D.Sc. 


Philippine Pharmacopeia, Maria Lourdes C. Santiago, 
B.S.Pharm., M.S.Pharm. 

Saudi Food and Dmg Authority, Abdullah S. Alhomoud, M.S. 
State Administration of Ukrainę on Medicinol Products, Andrii 


V. Shovkovyi 

Tanzania Food and Drugs Authority, Yonah Hebron M wal wisi, 
M.Sc, B.Pharm. 

Thai Phomiacopoeia Committee, Kornvika Charupant, Ph.D. 

The Phamiocy Boord of Sierra Leone, Wiltshire C.N. Johnson, 

B.Pharm. (Hons.) University of Sierra Leone, M.Sc (Brad 
UK), MPSSL, FPCPharm 

Therapeutic Goods Administration of Australio, Vivienne Christ, 
B.App.Sc., MASM 

Ukraiman Scientific Pharmacopoeial Center for Quality of 
Medicines, Oleksandr I. Gryzodub, Ph.D. 

United States Agency for International Development, Anthony 
F. Boni 

United States Air Force-Office of the Surgeon General, Deborah 
Myers, R.Ph., M.B.A. 

United States Army-OWce of the Surgeon General, John Spain, 
Pharm.D., BCPS 

United States Department of Health and Humań Services, 
Donald Wright, M.D., M.P.H. _ 

United States Navy Bureau of Medicine and Surgery-Office of 
the Surgeon General, Thinh V. Ha, Pharm.D., M.B.A., M.S. 

United States Public Health Service-Office of the Surgeon 
General, Christina H. Lee, Pharm.D. 

Wetnomese Pharmacopoeia Commission, Luc Thi Thu Hang, 
Ph.D. 
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Other Health Practitioner, 
Professional and Scientific 
Associations 

AACC International, Amy Hope 

Academy of Nutrition and Dietetics, Ann Erickson, M.A., R.D. 
American Academy of Allergy, Asthma and Immunology, 
Michael R. Nelson, M.D., Ph.D. 

American Academy of Neurology, Jack J. Chen, Pharm.D., 
FASCP, FCCP 

American Academy of Nurse Practitioners, Jan Towers, Ph.D., 
NP-C 

American Academy of Ophthalmology, Wiley A. Chambers, 
M.D. 

American Academy of Pediatrics, Hank Farrar, M.D. 

American Academy of Physicion Assistants, Marie-Michele 
Lecjer, M.P.H., PA-C 

American Academy of Veterinory Pharmacology and 
Therapeutics, Carol A. Davis, Ph.D. 

American Association of Pharmaceutical Scientists, Christopher 
McCurdy, Ph.D,, R.Ph. 

American Botanical Council, Mark Blumenthal 
American Chemical Society, Denise L. Creech 
American College of Clinical Pharmacology, Peter Wiernik, 
M.D. 

American College of Clinical Pharmacy, C. Edwin Webb, 
Pharm.D., M.P.H. 

American College of Physicians, Brian L. Strom, M.D. 

American Dental Association, Eugenio D. Beltran-Aguilar, 
D.M.D., M.P.H., M.S., Dr.P.H. 

American Dental Education Association, Vahn A. Lewis, 
Pharm.D., Ph.D. 

American Geriatrics Society, Todd P. Semla, M.S., Pharm.D., 
BCPS, FCCP, AGSF 

American Medicol Association, Barry D. Dickinson, Ph.D. 
American Nurses Association, Rita Munley Gallagher, Ph.D., 

American Optometric Association, Jimmy D. Bartlett, O.D. 
American Pharmacists Association, Thomas E. Menighan, 

R. Ph., M.B.A., FAPhA 

American Public Health Association, Deborah K. Walker, Ed.D. 
American Society for Clinical Pharmacology and Therapeutics, 
Patricia W. Slattum, Pharm.D., Ph.D. 

American Society for Microbioloay, Amy L. Leber, Ph.D. 
American Society for Nutrition, Robert M. Russell, M.D. 
American Society for Parenteral and Enteral Nutrition, Gordon 

S. Sacks, Pharm.D., BCNSP, FCCP 

American Society for Pharmacology and Experimental 
Therapeutics, Mary Paine, Ph.D. 

American Society for Quolity, Donald C. Singer, M.S. 

American Society of Anesthesiologists, H.A. Tillmann Hein, 

M.D., Ph.D. 

American Society of Consultant Pharmacists, Arnold E. 

Clayman, Ph.D., FASHP 

American Society of Health-System Pharmacists, Paul W. 

Abramowitz, Pharm.D., FASHP 
American Veterinary Medicol Association, Donald C. Sawyer, 
D.V.M,, Ph.D. 1 

Argentine Association of Industrial Pharmacy and Biochemistry, 
Federico Montes de Oca, M.B.A. 

Bmzilion National Association of Compounding Pharmacists, 
Maria do Carmo Garcez 

Calibration and Vofidatión Group, Herman Lam, Ph.D. 

Canadian Pharmacists Association, Perry Eisenschmid, M.B.A. 
Canadian Society for Pharmaceutical Sciences, Neal M. Davies, 
B.Sc. Pharm., Ph.D., R.Ph. 

European Federotion for Pharmaceutical Sciences, Hendrik ). de 
Jong, Ph.D. 

Infusion Nurses Society, Mary C. Alexander, C.R.N.I., M.A., 
R.N., CAE, FAAN 

Institute of Food Technologists, William Fisher, M.S. 

International Academy of Compounding Pharmacists, John 
Voliva, R.Ph. 


International Council of Nurses, David C. Benton, RGN, RMN, 
B5C, MPhil, FFNF, FRCN 

International Society for Cellular Therapy, Joseph C. Laning, 
Ph.D. 

International Society for Pharmaceutical Engineering, Stephen 
M. Tyler, M.S. 

National Alliance of State Pharmacy Associations, Rebecca P. 
Snead, R.Ph., B.S.Pharm. 

National Community Pharmacists Association, Ronna B. 

Hauser, Pharm.D. 

National Pharmaceutical Association, Barry A. Bleidt, Ph.D., 
Pharm.D. 

National Pharmacy Technician Association, Michael J. 

Johnston, CPhT 

New /ersey Pharmaceutical Quality Control Association, 

Barbara J. Ferguson, B.A. 

Pan American Pharmaceutical Federotion, Maria Elena 
Girard-Cuesy 

Parenteral Drug Association, Inc., Richard M. Johnson, M.Sc. 
Regulatory Affairs Professionals Society, Sherry L. Keramidas, 
Ph.D., CAE 

Society of Critical Care Medicine, Timothy S. Yeh, M.D., 

FCCM 

Society of Nuclear Medicine and Molecular Imaging, Jeffrey P. 
Norenberg, Pharm.D. 

Western Compendiol Discussion Group, Assad |. Kazeminy, 

Health Practitioner, Professional 
and Scientific Associations—U.S. 
State Medical Societies 

California Medical Association, Charles W. Maas, M.D., 

M.P.H. 

Connecticut State Medical Society; Erie B. Einstein, M.D. 

Hawaii Medical Association, Jonę Geimer-Flanders, D.O. 

Illinois State Medical Society, Maitreyi Janarthanan, M.D. 
Indiana State Medical Association, Daria Schooler, M.D., R.Ph. 
Iowa Medical Society, Harold W. Miller, M.D. 

Kansas Medical Society, Tracie Collins, M.D., M.P.H. 

Maine Medical Association, Stevan Gressitt, M.D. 

Massachusetts Medical Society, Bruce G. Karlin, M.D. 
MedChi-Moryland State Medical Society, Peter H. Rheinstein, 
M.D., J.D., M.S. 

Medical Association of the State of Alabama, Allan R! 

Goldstein, M.D. 

Medical Society of New lersey, Joseph N. Micale, M.D. 

Medical Society of the District of Columbia, Kim A. Bullock, 

M.D. 

Medical Society of the State of New York, Richard S. Blum, 

M.D. 

Minnesota Medical Association, Robert K. Meiches, M.D., 

M.B.A. 

Missouri State Medical Association, Thomas L. Holloway 

Montana Medical Association, Jean Branscum 

New Mexico Medical Society, Jerry D. McLaughlin, M.D. 

North Dakota Medical Association, Robert (Rob) W. Beattie, 
M.D. 

Pennsylvania Medical Society, Ralph Schmeltz, M.D., FACP, 

FACE 

Puerto Rico Medical Association, Rolance G. Chavier-Roper, 

M.D. 

Rhode Island Medical Society, Peter A. Hollmann, M.D. 

South Dakota State Medical Association, E. Paul 
Amundson, M.D. 

Tennessee Medical Association, John J. Ingram III, M.D. 

Texas Medical Association, Kevin H. McKmney, M.D., FACE, 
FACP 

Utah Medical Association, Michelle S. McOmber, B.S., M.B.A. 
West Virginia State Medical Association, Kevin W. Yingling, 

M.D., R.Ph., FACP 

Wisconsin Medical Society, Thomas M. Derrig, M.D. 
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Health Practitioner, Professional 
and Sdentific Associations—U.S. 
State Pharmacy Associations 


Alabama Pharmacy Association, Valerie A. Oakley, Pharm.D. 
Alaska Pharmacists Association, Amber L. Briggs, Pharm.D., 
CCP, BCPS 


Arizona Pharmacy Association, Kelly Ridgeway 
Arkansas Pharmacists Association, Kristen G. Riddle, Pharm.D. 
Califomia Pharmacists Association, Jon R. Roth, CAE 
Colegio de Farmaceuticos de Puerto Rico, Milagros Morales, 
R.Ph. 


Colorado Pharmacists Society, Val Kalnins, R.Ph. 

Connecticut Pharmacists Association, Peter J. Sposato, R.Ph., 
B.C.N.P. 

Delaware Pharmacists Society, Kenneth (Kevin) Musto, R.Ph. 
Flonda Pharmacy Association, Michael A. Monę, J.D., R.Ph., 
FAPhA 

Georgia Pharmacy Association, Larry L. Braden, B.S., R.Ph., 
D.Sc. 


Hawaii Pharmacists Association, Ronald T. Taniguchl, 
Pharm.D. 

Idaho State Pharmacy Association, Pam Eaton 
Illinois Pharmacists Association, Norman A. Hoback, 
B.S.Pharm. 

Indiana Phamiacists Alliance, Daniel D. Degnan III, Pharm.D., 
M.S. 


Iowa Pharmacy Association, Thomas R. Tempie, R.Ph., M.S. 

Kansas Pharmacists Association, Michael Larkin 

Kentucky Pharmacists Association, Patricia R. Freeman, Ph.D. 

Louisiana Pharmacists Association, Randall Brooks, B.S. 

Maine Pharmacy Association, Laurier A. Lamie, R.Ph. 

Maryland Pharmacists Association, Matthew G. Shimoda, 
Pharm.D. 

Massachusetts Pharmacists Association, Steven D. Geoffroy, 
R.Ph. 

Michigan Pharmacists Association, Erie D. Roath, Pharm.D. 

Minnesota Pharmacists Association, Lowell). Anderson, D.Sc., 
FAPhA, FFIP 

Mississippi Pharmacists Association, Kimsey 0'Neal, Pharm.D. 

Missouri Pharmacy Association, Ron L. Fitzwater, CAE, M.B.A. 

Montana Pharmacy Association, Lori Morin, M.B.A., Pharm.D. 

Nebraska Pharmacists Association, Samuel C. Augustine, 
Pharm.D., FAPhA 

New Hampshire Pharmacists Association, Elizabeth A. 
Robertson, R.Ph. 

New Jersey Pharmacists Association, Steve H. Zlotnick, 
Pharm.D. 

New Mexico Pharmacists Association, William G. Troutman, 
Pharm.D. 

North Carolina Association of Pharmacists, Stephen F. Eckel, 
Pharm.D., M.H.A. 

North Dakota Pharmacists Association, Michael D. Schwab 

Ohio Pharmacists Association, Amelia S. Bennett, R.Ph. 

Oklahoma Pharmacists Association, Wiley L Williams, J.D. 

Oregon State Pharmacy Association, Joshua Free, Pharm.D., 
M.B.A. 

Pennsyhonia Phormacists Association, George R. Haynes, 
Pharm.D., Ph.D. 

Phormacists Society of the State of New York, Trący R. Russell, 
CAE 

Pharnwcy Society of Wisconsin, Susan M. Kleppin, R.Ph., 

Rhode Island Pharmacists Association, John Grossomanides, 
Pharm.D. 

South Carolina Pharmacy Association, Craig Burridge, M.S., 
CAE 

South Dakota Pharmacists Association, Leonard J. Petrik, 
Pharm.D. 


Tennessee Phannacists Association, Micah Cost, Pharm.D., 
M.S. 

Texas Pharmacy Association, Erie H. Frankel, MSE, Pharm.D. 

Utah Pharmacists Association, Adam W. Jones 

l /irginia Pharmacists Association, Mariannę R. Rollings, R.Ph. 

Washington D.C. Pharmacy Association, Michael J. Kim, 
Pharm.D. 

Washington State Pharmacy Association, Jeff Rochon, 
Pharm.D. 

West Virginia Phormacists Association, Patty Johnston, B.S. 

Wyoming Pharmacy Association, William H. Rathburn, R.Ph. 

Manufacturer, Trade and 
Affiliated Associations 

American Chemistry Council, Michael P. Walls, Esq. 

American Herbal Products Association, Maged H. Śharaf, Ph.D. 

American Hospital Association, John R. Combes, M.D. 

Animal Health Institute, Richard A. Carnevale, V.M.D. 

Association of the European Self-Medication Industry, Christelle 
Anquez-Traxler 

Biotechnology Industry Organizotion, Earl S. Dye, Ph.D. 

Bulk Drug Manufacturers Association, Airra Krishna Reddy, 

B.Sc. 

C ompressed Gas Association, Michael B. Tiller, B.S., B.A. 

Consumer Health Products Gonada, Adam C. Kingsley, B.Sc., 
NP, CAE 

Consumer Heolthcore Products Association, John Punzi, Ph.D. 

Council for Responsible Nutrition, James C. Griffiths, Ph.D. 

Egyption Chamber of Pharmaceuticol Industry, Abdulla 
Molokhia, Ph.D. 

European Generic Medicines Association, Julie Marechal-Jamal, 
M.S. 

Flavor and Extmct Manufacturers Association, John H. Cox, 

J.D. 

Food Marketing Institute, Catherine M. Polley, R.Ph. 

Generic Animal Drug Alliance, Stephanie Batliner 

Generic Pharmaceuticol Association, David R. Gaucjh, R.Ph. 

Grocery Manufacturers Association, Shannon M. Cooksey, 

M.S., PMP 

Healthcare Distribution Management Association, Karen J. 

Ribler 

Indian Drug Manufacturers' Association, Daara B. Patel, 

B.Com., D.I.M.M. 

International Dairy Foods Association, John T. Allan III, B.S., 
M.S. 

International Federotion of Pharmaceuticol Manufacturers and 
Associolions, Caroline Mendy 

International Food Additives Council, Robert Rankin 

International Generic and Biosimilar Medicines, Nicholas 
Cappuccino, Ph.D. 

International Pharmaceuticol Excipients Council of the 
Americas, Priscilla Zawiślak 

Mexico's National Chamber of the Pharmaceuticol Industry, 

J. Rive!ino Flores, M.Sc. 

National Association of Choin Drug Stores, Alex J. Adams, 
Pharm.D. 

Personal Care Products Council, Beth Annę Lange, Ph.D., B.S. 

Pharmaceuticol Care Management Association, Greg S. 

Johnson, B.A. 

Pharmaceuticol Research and Manufacturers of America, 

J. Mark Wiggins, B.S., M.S. 

Sao Paulo State Pharmaceuticol Manufacturers Association, 
Nelson dos Santos, Jr. 

The joint Commission, Jeannell M. Mansur, B.S. Pharm., 
Pharm.D. 

The Jordanian Association of Manufacturers of Pharmoceuticals 
& Medical Applionces, Hanan J. Sboul, M.B.A., CAE 
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Nongovernmental Standards- 
Setting and Conformity 
Assessment Bodies 

Accreditation Council for Pharmacy Education, Dimitra V. 
Travlos, Pharm.D., BCPS 

American Type Culture Collection , Elizabeth ). Kerrigan, B.A. 


AOAC International , E. James Brndford, Ph.D. 

Association for the Advancement of Medical Instwmentation, 
Joseph Carl Lewelling, B.A., MA 
Chilean Pharmacopeia Foundation , Caroline R. 

Weinstein-Oppenheimer, Ph.D. 

Clinical and Laboratory Standards Institule, Clen Fine, M.S , 
M.BA, CAE ' 

URAC, Kylanne Green, R.N., N.P. 
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2015 Recognition of 
Monograph and Reference 

Materiał Donors 


USP acknowledges and appreciates the support of the fol- 
lowing companies that participaled in the USP standards- 
setting process by providing information for the develop- 
menl of new monographs or by donating reference stan¬ 
dard candidate materials. The companies listed are those 
that either prowded monographs that were published as 
proposals in 2015 or donated reference materiał candidates 
that were released as USP Reference Standards in 2015. 

3V 

Abbott Laboratories 

Abbvie 

ACS Dobfar 

Agan Aroma & Fine Chemicals 
Awnomoto Aminoscience 
Alcon Laboratories 
Alembic 
Allergan 

AMAC Pharmaceuticals 

American Chemical 5ervice 

Amgen 

Apotex 

Astrazeneca 

Aurobindo Pharma 

Bachem Americas 

BASF 

Baxter Healthcare 
Bayer 

Bayer Schering 

Ben Venue Laboratories 

Bidachem 

Bioberica 

Bioenergy Life 5cience 
Biogen 

Boenringer Inaelheim 
Bristol-Myers Squibb 
Calyx Chemicals & Pharma 
Cambrex Karlskoga 
Charmson Trading 
Chattem Chemicals 
Chemo 

Chevron Phillips Chemical 

China Pharmaceutical University 

CHP Carbohydrate Pirna 

Cilag 

Clarianl 

Colorcon 

Cosma 

Covidien 

Cremer Oleo 

Croda 

CU Chemie Uetikon 
Cydex Pharmaceutical 
Daiichi Sankyo 
Dipharma 

Dottikon Exclusive Synthesis 
Dow Chemical Company 
Dow Corning 
Dr. Reddy's Laboratories 
DSM Nutritional Products 


Dupont 

Dupont Nutrition and Health 

DUSA Pharmaceuticals 

Egis Pharmaceuticals 

Elsai Food and Chemical 

Eli Lilly and Company 

Endo Pharmaceuticals 

Erregierre 

Evolva 

Evonik 

Excella 

Fine Chemicals 

Fine Organics 

Fresenius Kabi Oncology 

GE Healthcare Bio-Sciences 

Genentech 

GlaxoSmithKline 

Glenmark Generics 

Grifols 

Hayashibara 

Health Protection Agency 

Helsinn 

Hetero Drugs 

Hoffman-Laroche 

Hovione Farmaciencia 

ICL Performance Products 

Indena 

Ind-Swift Laboratories 

Institute of Shortening and Edible Oils 

International Specialty Products 

International Vitamin 

lnterquim 

anssen Pharmaceutical 

apan Food Research Laboratories 

ost Chemical 

ubilant Life Sciences 

<a Maile Pharmaceuticals 

Kongo Chemical 

Koster Keunen 

Kythera Biopharmaceuticals 

Laboratori Alchemia 

Linnea 

Longyan City Run Bao Bio-Technology 

Lundbeck Pharmaceutical 

Łupin Pharma 

Lusochimica 

Mafco 

Mallinckrodt 
Mantrose-Haeuser 
Meda Pharmaceuticals 
Medichem 

Medpointe Healthcare 
Megafine Pharma 
Menadiona 
Merck 

Moehs Iberica 
Morepen Laboratories 
Mutcnler 

Mylan Laboratories 
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Mylan Pharmaceuticals 
Natac 

Nature-Standard 
Naturex 
Noramco 
Novartis 
Novo Nordisk 
Novozymes Delta 
Nutrasweet 
Opocrin 

Orchid Chemicals & Pharmaceuticals 

Otsuka Chemical 

Pfizer 

Pharmavite 
Pliva Croatia 

Polypeptide Laboratories 
Precise Chemipharma 
Provepharm 

Proviron Functional Chemicals 
Recordati 

Reliance Life Sciences 
Roche 

Roquette America 
Sandoz 
Sanofi 
Schwabe 

Scino Pharm Taiwan 

Seppic 

Septodont 

Shanghai Institute of Materia Medica 
Sichuan Xieli Pharmaceutical 
Sicor 
Sifavitor 

Smilax Laboratories 
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Sourcetech Quimica 
Stearinerie Dubois 
Stepan Company 
Sterling S.N.I.F.F. Italia 
Strides Arcolab 

Suzhou Sanjian Nutrient and Health Products 
Symbiotec Pharmalab 
Symed Labs 
Synkem 

Takeda Pharmaceuticals North America 
Taro Pharmaceuticals 
Tekni-Plex 
Teva API 

Teva Pharmaceuticals Industries, Israel 

Teva Pharmaceuticals 

The Medicines Company 

Topharman Shanghai 

Torrent Pharmaceuticals 

UCB Pharma 

University of Macau 

Upsher-Smith Laboratories 

Vertellus Specialties 

Virupaksha Organics 

Wacker Chemicals 

Wakunaga of America 

Yunnan Hande Bio-Tech 

Zambon Chemicals 

Zeon Chemicals 

Zhe iang Apeloa Jiayuan Pharmaceutical 

Zhe iang Hangzhou Xinfu Pharmaceutical 

Zhe iang Huahai Pharmaceutical 

Zhe iang Medicineco 

Zhe iang Supor Pharmaceuticals 

Zydus Pnarmaceuticals 
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Articles of 


In May of 1900, the USP Board of Trustees was directed 
by the Convention to incorporate the USP organization 
under the laws of the District of Columbia. Because the Dis- 
trict of Columbia reauired that the majority of officers sub- 
scribing to the Certificate of Incorporation be residents, the 


Incorporation 

filing was słightiy delayed in order to appoint appropriate 
representatives. Nevertheless, the articles of incorporation 
were prepared, appropriately signed, and finally filed on July 
11 of that year. The original certificate reads as follows: 


Certification of Incorporation 

This is to certify that we, whose names are hereunto subscribed, citizens of the United States, of fuli age, and a majority 
citizens of the District of Columbia, do associate ourselves tocjether pursuant to the provisions of sections 545-552 inclusive 
of the Revised Statutes of the United States relating to the District of Columbia and of the Act of Congress to amend the 
same, approved the twenty-third day of April 1884, under the corporate name of The United States Pharmacopoeial Conven- 
tion. 

This Association is organized for a period of nine hundred and ninety-nine years. The particular objects and business of 
this Association are the encouraaement and promotion of the science and art of medicine and pharmacy by selecting by 
research and experiment and otner proper melhods and by naming such materials as may be properly used as medicines 
and drugs with formulas for their preparation; by establishing one uniform standard and guide for the use of those engaged 
in the practice of medicine and pharmacy in the United States whereby the identity, strength, and purity of all such 
medicines and drugs may be accurately determined, and for other like and similar purposes; and by printing and distributing 
at suitable intervals such formulas and the results of such and similar selections, names and determinations among the 
members of this Association, pharmacists, and physicians generally in the United States and others interested in pnarmacy 
and medicine. 

The manaaement and control of the affairs, funds, and property of this Association for the first year of its existence shall 
be vested in a Board of Trustees consisting of the seven following persons: 


Albert E. Ebert Ceorge w. Sloan 

Samuel A.D. Sheppard Horatio C. Wood 

William S. Thompson Charles Rice 

CHARLE5 E. DOHME 


In testimony whereof we have hereunto set our hands and affixed our seals this seventh day of July, 1900. 

William S. Thompson [SEAL] William m. Mew [SEAL] 

G. Lloyd Magruder [SEAL] Frank M. Criswell [SEAL] 

John T. Winter [SEAL] murray G. Motter [SEAL] 

Thomas C. Smith [SEAL] 
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USP Governance 


Bylaws 


The USP 2015-2020 Bylaws are available at http://ivww.usp.org/oboiit-usp/leQcler5hip/bylaws. 

Rules and Procedures 


The Rules and Procedures of the 2015-2020 Council of Experls are available at http://www.usp.orq/about-usp/feader- 
ship/pohcies-rules/rules-procedures-council-experts. 


USP Policies 


The USP policies are available at http://www.usp.org/about-usp/leadership/polides-rules/rules-procedures-council-experts. 
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Admissions 

Articles Admitted to USP 40 by Supplement 

First Supplement (August 1, 2016) 


GENERAL CHAPTERS 


(507) Protein Determination Procedures 

<800) Ha2ardous Drugs—Handling in Healthcare Settings 

(1050.1) Design, Evaluation, and Characterization of Viral 
Clearance Procedures 

(1207.1) Package Integrity Testing in the Product Ule 
Cycle—Test Method Selection and Validation 

(1207.2) Package Integrity Leak Test Technologies 

(1207.3) Package Seal Quality Test Technologies 

(1228) Depyrogenation 

(1228.1) Dry Heat Depyrogenation 

(1229.5) Biological Indicators for Sterilization 

(1229.9) Physicochemical Integrators and Indicators for 
Sterilization 

(1229.12) New Sterilization Methods 
(2251) Adulteration of Dietary Supplements with Drugs and 
Drug Analogues 

USP MONOGRAPHS 


Abacavir and Lamivudine Tablets 

Adapalene Cel 

Amiodarone Hydrochloride Injection 

Argalroban 

Calcium Succinate 

Candesartan Cilexetil Tablets 

Diphenhydramine Hydrochloride and Ibuprofen Capsules 
Dronedarone Hydrochloride 

Dronedarone Tablets 

Exemestane 

Lufenuron 

Palonosetron Hydrochloride 

Perindopril Erbumine 

Perindopril Erbumine Tablets 

Rabeprazole Sodium 

Sildenafil Tablets 

Teniposide 

Teniposide Injection 

Triamcinolone Acetonide Nasal Spray 

Vardenafil Hydrochloride 

Zolmitriptan 

Zolmitriptan Tablets 

DIETARY SUPPLEMENTS 


Rhodiolo roseo Capsules 

Rhodiola rosea Tablets 

Ribose 

Ubiquinol 

Ubiguinol Capsules 
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Second Supplement (December 1, 2016) 


GENERAL CHAPTERS 


(782) Vibrational Grcular Dichroism Spectroscopy 
(1004) Mucosal Drug Products—Performance Tests 
(1029) Good Documentation Guidelines 
(1063) Shear Celi Methodology for Powder Flow Testing 

(1228.3) Depyrogenation by Filtration 
(1228.5) Endotoxin Indicators for Depyrogenation 
(1229.13) Sterilization-in-Place 

(1782) Vibrational Circular Dichroism Spectroscopy—Theory 
and Practice 

USP MONOGRAPHS 


Cetirizine Hydrochloride Orally Disintegrating Tablets 
Desloratadine 

Desloratadine Tablets 

Desloratadine Orally Disintegrating Tablets 

Imipramine Pamoate Capsules 

Metronidazole Extended-Release Tablets 

Octreotide Acetate 

Oxymorphone Hydrochloride Tablets 

Oxymorphone Hydrochloride Extended-Re!ease Tablets 
Polyethylene Glycol 3350 

Ropinirole Extended-Release Tablets 

Zolmitriplan Orally Disintegrating Tablets 

DIETARY SUPPLEMENTS 


Methylcobalamin Tablets 

Northern Schisandra Fruit Dry Extract 

New Articles Appearing in USP 40 That Were Not Included in USP 39 
Including Supplements 

[NOTĘ— The articles included in this list are noted in the book with the following symbols A austw. This applies to new 
articles as well as sections of existing items that have been revised.] 

GENERAL CHAPTERS 


(89.1) Collagenase 1 

(89.2) Collagenase II 

(127) Flow Cytometric Enumeration of CD34+ Cells 
(1039) Chemometrics 

(1602) Spacers and Valved Holding Chambers Used with 
Inhalation Aerosols—Characterization Tests 
(1821) Radioactivity—Theory and Practice 
(1823) Positron Emission Tomography Drugs—Information 

USP MONOGRAPHS 

- 

Cidofovir 

Cidofovir Injection 

Doxercalciferol 

lxabepilone 

Pemetrexed Disodium 

Pemetrexed for Injection 

Quetiapine Extended-Release Tablets 

Selamectin 

Tissue Humań Amnion Chorion Membranę Dehydrated 

GLOBAL HEALTH MONOGRAPHS 



Chlorhexidine Gluconate Topical Gel 
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DIETARY SUPPLEMENTS 

Citrulline 

Hesperidin 

lapanese Honeysuckle Flower 

Japanese Honeysuckle Flower Dry Extract 

Japanese Honeysuckle Flower Powder 

St. ]ohn's Wort Flowering Top Dry Extract Capsules 



St. John's Wort Flowering Top Dry Extract Tablets 
Sodium Ferrous Citrate 

Tienchi Cinseng Root and Rhizome Dry Extracl Capsules 
Tienchi Ginseng Root and Rhizome Dry Extract Tablets 
Tienchi Ginseng Root and Rhizome Powder Capsules 
Tienchi Ginseng Root and Rhizome Powder Tablets 




Articles included in USP 39 But Not Included in USP 40 


GENERAL CHAPTERS 
(21) Thermometers 

(751) Metal Particles in Ophthalmic Ointments 
(851) Spectrophotometry and Light-Scattering 

USP MONOGRAPHS 

Biological Indicator for Dry-Heat Sterilization, Paper Carrier 
Biological Indicator for Ethylene Oxide Sterilization, Paper 
Carrier 

Biological Indicators for Moist Heat, Dry Heat, and Gaseous 
Modes of Sterilization, Liquid Spore Suspensions 
Biological Indicators for Moist Heat, Dry Heat, and Gaseous 
Modes of Sterilization, Nonpaper Carriers 
Biological Indicator for Steam Sterilization, Paper Carrier 
Biological Indicator for Steam Sterilization, Self-Contained 
Chlordiazepoxide Hydrochloride for Injection 
Dolasetron Mesylate Injection 
Dolasetron Mesylate Tablets 
Multiple Electrolytes and Dextrose Injection Type 4 
Multiple Electrolytes and lnvert Sugar Injection Type 1 
Multiple Electrolytes and lnvert Sugar Injection Type 2 
Multiple Electrolytes and lnvert Sugar Injection Type 3 
lopanoic Acid 
lopanoic Acid Tablets 
Ipodate Sodium 
Ipodate Sodium Capsules 


(1035) Biological Indicators for Sterilization 
(1045) Biotechnology-Derived Articles 
(1209) Sterilization—Chemical and Physicochemical 
Indicators and Integrators 


lophendylate 
lophendylate Injection 

Mangafodipir Trisodium 

Mangafodipir Trisodium Injection 

Oxtriphylline Delayed-Release Tablets 

Oxymorphone Hydrochloride Suppositories 

Propoxyphene Hydrochloride 

Propoxyphene Hydrochloride Capsules 

Propoxyphene Hydrochloride and Acetaminophen Tablets 

Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules 

Propoxyphene Napsylate 

Propoxyphene Napsylate Orał Suspension 

Propoxyphene Napsylate Tablets 

Propoxyphene Napsylate and Acetaminophen Tablets 

Propoxyphene Napsylate and Aspirin Tablets 

Sodium Chloride and Dextrose Tablets 

Succinylcholine Chloride for Injection 


Front Matter 
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USP 40 


General Notices, Monographs, General Chapters, Reagents, and Tables 
Affected by Changes Appearlng in USP 40 


Page citations refer to the pages of USP 40. Notę—In the tobie below, if a section is new or if o subsection is odded to or 
deleted from on existing section , it is lobeled as such in parentheses after the section or subsection name. Items on this list that 
appear without the designation "new", "added", or "deleted" are items in which changes have been madę to existing official text. 


General Notices 


General Notices, 3 

3. Conformance to Standards ; 5. Monograph 
Components ; 6. Testing Practices and Proce - 
dures ; and 8. Terms and Definitions 

General Chapters 


General Tests and Assays 

General Recjuiremenls for Tests and Assays 
(1) Injections and Implanted Drug Products 
(Parenterals)—Product Quality Tests, 67 
Biological Tests and Assays 

(89.1) Collagenase I (new), 180 

(89.2) Collagenase II (new), 185 

(127) Flow Cytometric Enumeration of CD34+ 
Cells (new), 216 
(151) Pyrogen Test, 234 
Introduction 

(165) Prekallikrein Activator (new), 24 1 
Chemical Tests and Assays 
(481) Riboflavin Assay, 386 
ASSAY 

(531) Thiamine Assay, 407 
ASSAY 

Physical Tests and Determinations 

(659) Packaging and Storage Requlrements, 529 
(670) Auxiliary Packaging Components, 558 
(821) Radioactivity, 751 

General Information 


(1015) Automated Radiochemical Synthesis Appa- 

ratus (deleted), 851 

(1039) Chemometrics (new), 963 

(1602) Spacers and Valved Holding Chambers 

Used witn Inhalation Aerosols—Characterization 

Tests (new), 1988 

(1821) Radioactivity—Theory and Practice (new), 
2177 

(1823) Positron Emission Tomography Drugs—In¬ 
formation (new), 2190 

Dietary Supplements 

(2251) Screening for Undeclared Drugs and Drug 
Analogues, 2285 


Reagents, Indicators, and 
Solutions 


Reagent Specifications 

Reagents Introduction, 2323 
4. Definitions 

Butylated Hydroxytoluene (new), 2341 
Copper Sulfate Pentnhydrate (new), 2348 
Cupric Nitrate, 2348 

l,l-Cyclobutanedicarboxylic Acid (new), 2349 

Hydroxypropyl Cellulose (new), 2364 

Isonicotinic Acid, 2366 

(R)-(+)-Limonene (new), 2367 

Lithium (new), 2368 

Malonic Acid (new), 2368 

D-Mannitol (new), 2369 

Nickel Nitrate Hexahydrate (new), 2373 

(fl)-(-)-a-Phellandrene (new), 2378 

(+)-a-Pinene (new), 2380 

/j-Pinene (new), 2380 

Polysorbate 80 (new), 2381 

Propionic Acid (new), 2383 

Sabinene (new), 2386 

Sodium 1-Dodecanesulfonate (new), 2391 

Tetrabutylammonium Hydroxide 30-Hydrate, 

2397 

Tetrahydrofuran, 2398 
Water (new), 2405 
Water, Carbon Dioxide-Free, 2405 
Water, Deaerated, 2405 
Water, Organic-Free (new), 2405 
Water, Particle-Free (new), 2405 
Test Solutfons 

1 M Acetic Acid TS (new), 2411 

2 M Acetic Acid TS (new), 2412 

1 M Ammonium Hydroxide TS (new), 2413 

2 M Ammonium Hydroxide TS (new), 2413 
0.01 M Edetate Disodium TS (new), 2415 

- 0.01 N Hydrochloric Acid TS (new), 2416 
0.025 N Hydrochloric Acid TS (new), 2416 
0.05 N Hydrochloric Acid TS (new), 2416 
0.05 M Pnosphoric Acid TS (new), 2419 
0.06 M Phosphoric Acid TS (new), 2419 

1 N Phosphoric Acid TS (new), 2419 
20% Phosphoric Acid T5 (new), 2419 

1.8 N Potassium Hydroxide TS (new), 2420 
45% Potassium Hydroxide TS (new), 2420 
0.02 M Monobasic Potassium Phosphate TS 
(new), 2420 

0.2 M Dibasic Potassium Phosphate TS (new), 
2420 

0.0025 N Sodium Hydroxide TS (new), 2421 
0.02 N Sodium Hydroxide TS (new), 2421 

2 N Sodium Hydroxide TS (new), 2421 
2.5 N Sodium Hydroxide TS (new), 2421 
10 N Sodium Hydroxide TS (new), 2421 
1 M Sulfuric Acid TS (new), 2422 

0.2 N Sulfuric Acid TS (new), 2422 
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0.5 N Sulfuric Acid TS (new), 2422 
2 N Sulfuric Acid TS (new), 2422 
0.02 M Tetrabutylammonium Hydrogen Sulfate 
TS (new), 2422 
Volumetric Solutions 

2 N Acetic Acid VS, 2424 
0.1 N Ammonium Thiocyanate VS, 2424 
0.01 M Bismuth Nitrate VS, 2424 
0.1 N Bromine VS, 2424 
0.05 N Ceric Ammonium Nitrate VS, 2424 
0.1 N Ceric Sulfate VS, 2424 
0.1 N Cupric Nitrate VS, 2425 
Cupric Tartrate, Alkaline, Solution (Fehlinq's Solu¬ 
tions 2425 

0.05 M Edetate Disodium S/S, 2425 

0.1 M Edetate Disodium V5, 2426 

0.1 N Ferric Ammonium Sulfate S/S, 2426 

0.1 N Ferrous Ammonium Sulfate VS, 2426 

0.02 N Hydrochloric Acid VS (new), 2426 

0.1 N Hydrochloric Acid VS (new), 2426 

0.5 N Hydrochloric Acid VS, 2427 

1 N Hydrochloric Acid VS, 2427 

0.1 M Alcoholic Hydrochloric Acid S/S, 2427 

0.5 N Hydrochloric Acid in Methanol VS, 2427 

0.01 N lodine S/S, 2427 

0.05 N lodine VS, 2427 

0.1 N lodine VS, 2427 

0.01 M Lead Nitrate VS, 2428 

0.01 M Lead Perchlorate VS, 2428 

0.1 M Lead Perchlorate VS, 2428 

0.1 N Lithium Methoxide in Chlorobenzene S/S, 

2428 

0.02 N Lithium Methoxide in Methanol VS # 2428 

0.1 N Lithium Methoxide in Methanol V5, 2429 

0.1 N Lithium Methoxide in Toluene VS, 2429 

0.01 M Magnesium Chloride VS, 2429 

0.1 M Mercuric Nitrate VS # 2429 

0.1 N Oxalic Acid VS, 2429 

0.1 N Perchloric Acid in Dioxane VS, 2429 

0.1 N Perchloric Acid in Glacial Acetic Acid V5, 

2430 

0.1 N Potassium Arsenite VS, 2430 

0.1 N Potassium Bromate VS, 2430 

0.1 N Potassium Bromide-Bromate VS, 2430 

0.1 N Potassium Dichromate VS, 2430 

0.05 M Potassium Ferricyanide VS, 2431 

0.1 M Alcoholic Potassium Hydroxide VS, 2431 

0.5 N Alcoholic Potassium Hydroxide VS, 2431 

0.1 N Methanolic Potassium Hydroxide S/S, 2431 

1 N Potassium Hydroxide VS, 2431 

0.05 M Potassium lodate VS, 2431 

0.1 N Potassium Permanganate VS, 2432 

0.1 N Potassium Thiocyanate S/S, 2432 

0.002 N Silver Nitrate in Isopropyl Alcohol VS 

(new), 2432 

0.1 N Silver Nitrate VS, 2432 

0.05 N Silver Nitrate VS (new), 2432 

0.05 M Sodium Arsenite VS, 2432 

1 N Sodium Hydroxide VS, 2432 

0.1 N Alcoholic Sodium Hydroxide VS, 2433 

0.1 N Sodium Hydroxide VS (new), 2433 

0.5 N Sodium Methoxide fn Methanol VS, 2433 

0.1 N Sodium Methoxide in Toluene VS, 2433 

0.1 M Sodium Nitrite VS, 2433 

0.02 M Sodium Tetraphenylboron VS, 2434 

0.1 N Sodium Thiosulfate VS, 2434 

Standard Dichlorophenol-lndophenol Solution, 

1 N Sulfuric Acid VS, 2434 

0.5 N Sulfuric Acid in Alcohol S/S, 2434 

0.1 N Tetrabutylammonium Hydroxide VS, 2434 

0.1 N Tetrabutylammonium Hydroxide in Metha- 

nol/lsopropyl Alcohol VS, 2435 


0.1 M Tetramethylammonium Bromide VS, 2435 

0.1 M Tetramethylammonium Chloride S/S, 2435 

0.1 N Titanium Trichloride VS, 2435 

0.05 M Zinc Sulfate VS, 2436 

0.1 M Zinc Sulfate VS (new), 2436 

Chromatographic Columns 
LI 9, 2437 
L22, 2437 
L40, 2437 
L45, 2437 
L51, 2438 
L54, 2438 
L56, 2438 
L80, 2439 
L90 (new), 2439 
L91 (new), 2439 

Reference Tables 


Container Specifications for Capsules and Tablets 
Biperiden Hydrochloride Tablets (deleted), 2444 
Quetiapine Extended-Release Tablets (new), 2450 
St. John's Wort Flowering Top Dry Extract Cap¬ 
sules (new), 2451 

St. John's Wort Flowering Top Dry Extract Tablets 
(new), 2451 

Tienchi Ginseng Root and Rhizome Powder Cap¬ 
sules (new), 2451 

Tienchi Ginseng Root and Rhizome Powder Tab¬ 
lets (new), 2451 

Tienchi Ginseng Root and Rhizome Dry Extract 
Capsules (new), 2451 

Tienchi Ginseng Root and Rhizome Dry Extract 
Tablets (new), 2451 

Description and Relative Solubility of USP and NF 
Articles 

Doxercalciferol (new), 2471 

Eucalyptus Oil (new), 2474 

lxabepilone (new), 2482 

Methacrylic Acid and Ethyl Acrylate Copolymer 

Dispersion, 2485 

Methylene Blue, 2486 

Pemetrexed Disodium (new), 2492 

Perindopril Erbumine (new), 2493 

Sodium Succinate (new), 2503 

Monographs (USP 40) 

Acebutolol Hydrochloride Capsules, 2538 
IDENTIFICATION 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Acetaminophen, Chlorpheniramine Maleate, and 
Dextromethorphan Hydrobromide Tablets, 2561 
ASSAY 

Acetaminophen, Chlorpheniramine Maleate, 
and Dextromethorphan Hydrobromide 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 

Acetaminophen and Codeine Phosphate Orał So¬ 
lution, 2564 
ASSAY 

Acetaminophen and Codeine Phosphate 
IMPURITIES 

4-Aminopheno! in Acetaminophen-Containing 
Drug Products (added) 
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Acetaminophen and Codeine Phosphate Orał Sus- 
pension, 2565 
ASSAY 

Acetaminophen and Codeine Phosphate 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

Acetaminophen, Dextromethorphan 
Hydrobromide, Doxylamine Succinate, and Pseu- 
doephedrine Hydrochloride Orał Sołution, 2567 
ASSAY 

Acetaminophen and Dextromethorphan 
Hydrobromide 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

Acetaminophen and Diphenhydramine Citrate 
Tablets, 2569 
ASSAY 

Acetaminophen and Diphenhydramine Citrate 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

Acetaminophen, Diphenhydramine Hydrochlo¬ 
ride, and Pseudoephedrine Hydrochloride Tablets, 
2570 
ASSAY 

Acetaminophen and Diphenhydramine 
Hydrochloride 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

Acetaminophen and Pseudoephedrine Hydrochlo¬ 
ride Tablets, 2571 
ASSAY 
IMPURITIES 

4-Aminophenol in Acetaminophen-Containing 
Drug Products (added) 

Acetaminophen and Tramadol Hydrochloride Tab¬ 
lets, 2572 
TITLE 
ASSAY 

OTHER COMPONENTS 
Limit of p-Aminophenol (deleted) 

IMPURITIES 

ADDITIONAL RECJUIREMENTS 
USP Reference Standards 

Tramadol Hydrochloride Extended-Release Tablets, 
2575 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Alfuzosin Hydrochloride Extended-Re!ease Tablets, 
2626 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Alprazolam Extended-Release Tablets, 2644 
IDENTIFICATION 
Test B (added) 

ASSAY 

PERFORMANCE TESTS 
Dissolution 

ADDITIONAL RECJUIREMENTS 
USP Reference Standards 
Alprazolam Orally Disintegrating Tablets, 2648 
IDENTIFICATION 
Test A and Test B (added) 

ASSAY 

PERFORMANCE TESTS 
Dissolution 
Amiloxate, 2719 
IDENTIFICATION 

Ultraviolet Absorption, Test B and Test C 
(added) 


ASSAY 

SPECIFIC TESTS 

Acidity 

Aminobenzoate Potassium, 2720 
CHEMICAL INFORMATION 
DEFINITION 
IDENTIFICATION 
Test A and Test B 
ASSAY 
IMPURITIES 

C hloride and Sulfate, Chloride; Chloride and 
Sulfale, Sulfate; Volatile Diozotizable Sub - 
stances; Limit of Anilinę and p-Toluidine; and 
Organie Impurities 
ADDITIONAL RECJUIREMENTS 
USP Reference Standards 
Aminobenzoate Potassium Capsules, 2722 
IDENTIFICATION 
Test B (added) 

ASSAY 

IMPURITIES 

ADDITIONAL RECJUIREMENTS 
USP Reference Standards 
Aminophylline, 2735 
IDENTIFICATION 

Infrared Absorption , Test A and Test B 
ASSAY 

OTHER COMPONENTS 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
Packaging and Storage and USP Reference 
Standards 

Aminophylline Injection, 2737 
IDENTIFICATION 

Infrared Absorption , Test B and Test C 
ASSAY 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
Packaging and Storage and USP Reference 
Standards 

Aminophylline Orał Sołution, 2739 
IDENTIFICATION 
Infrared Absorption , Test A 
ASSAY 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
USP Reference Standards 
Aminophylline Tablets, 2742 
IDENTIFICATION 

Infrared Absorption , Test A and Test B 
ASSAY 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
Packagina and Storage and USP Reference 
Standards 

Amlodipine and Valsartan Tablets, 2763 
DEFINITION 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
Labeling (added) 

Amlodipine, Valsartan, and Hydrochlorothiazide 
Tablets, 2767 
DEFINITION 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

ADDITIONAL RECJUIREMENTS 
Labeling (added) 

Anpiprazole Tablets, 2858 
ASSAY 
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PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Ascorbic Acid Injection, 2866 
IDENTIFICATION 
Test C 

Azathioprine Sodium for Injection, 2917 
IDENTIFICATION 
Test B (added) 

ASSAY 

5PECIFIC TESTS 

Completeness of Soiution (deleted) 
ADDITIONAL REQUIREMENTS 
Packaging and Storoge 
Betamethasone Valerate Cream, 3012 
IDENTIFICATION 
Test A and Test B 
ASSAY 
IMPURITIES 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Betamethasone Valerate Ointment, 3014 
IDENTIFICATION 
Test A and Test B 
ASSAY 
IMPURITIES 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Biperiden (deleted), 3028 
Biperiden Hydrochloride (deleted), 3028 
Biperiden Hydrochloride Tablets (deleted), 3029 
Biperiden Lactate Injection (deleted), 3030 
Carboplatin, 3202 
DEFINITION 
IDENTIFICATION 

Infrared Absorption , Test A and Test B 
(added) 

ASSAY 

OTHER COMPONENTS 
IMPURITIES 

Limit of l,1-Cyclobutanedicarboxylic Acid and 
Organie Impurities 
SPECIFIC TESTS 

Water Determinotion , Method I (deleted) 
and Loss on Drying (added) 

ADDITIONAL REQU(REMENTS 
Packaging and Storoge 
Carboplatin for Injection, 3203 
IDENTIFICATION 
Test B (added) 

ASSAY 

IMPURITIES 

ADDITIONAL REQUIREMENTS 
Packaging and Storoge 
Ceftriaxone?or Injection, 3305 
ASSAY 
IMPURITIES 

ADDITIONAL REQUIREMENTS 
Packaging and Storoge 
Ceftriaxone Sodium, 3307 
ASSAY 
IMPURHES 

ADDITIONAL REQUIREMENTS 
Packaging and Storoge 
Cidofovir (new), 3414 
Cidofovir Injection (new), 3415 
Cisatracurium Besylate, 3440 
IMPURITIES 
Organie Impurities 
SPECIFIC TESTS 

pH (deleted) and Water Determinotion 
ADDITIONAL REQUIREMENTS 
USP Reference Standards 


Cisplatin, 3444 

IDENTIFICATION 

Infrored Absorption , Test B and Thin-Loyer 
Chromatogrophy, Test C (deleted) 

ASSAY 

IMPURITIES 

Limit of Trichloroammineplatinate and Limit 
of Transplatin 
SPECIFIC TESTS 
Platinum Content 
ADDITIONAL REQUIREMENTS 
Packaging and Storage 

Cisplatin for Injection, 3446 
IDENTIFICATION 
Test B (added) 

ASSAY 

IMPURITIES 

Limit of Tnchloroammineplatinate and Limit 
of Transplatin 

Corticotropin Injection, 3577 
ASSAY 

Corticotropin for Injection, 3578 
ASSAY 


Repository Corticotropin Injection, 3580 

Cyanocobalamin, 3596 
ASSAY 

Cysteinę Hydrochloride, 3621 
SPECIFIC TESTS 
Loss on Drying 

Demeclocycline Hydrochloride Tablets, 3647 
IDENTIFICATION 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
SPECIFIC TESTS 
Loss on Drying (deleted) 

Desipramine Hydrochloride Tablets, 3651 
IDENTIFICATION 
Test A and Test B (added) 

ASSAY 

IMPURITIES 


Dextromethorphan, 3704 
IDENTIFICATION 
Test B 

SPECIFIC TESTS 

Melting Rangę or Temperaturę (deleted) and 
Optical Rotation (deleted) 

ADDITIONAL REQUIREMENT5 
USP Reference Standards ' 
Dextromethorphan Hydrobromide, 3705 
IDENTIFICATION 

Test A, Test B, and Test C (deleted) 

SPECIFIC TESTS 
Optical Rotation (deleted) 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 

Diphenhydramine Hydrochloride Capsules, 3803 
IMPURITIES 

Diphenhydramine Hydrochloride Orał Soiution, 
3806 

IMPURITIES 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 

Diphenhydramine and Phenylephrine Hydrochlo- 
ricłes Tablets, 3810 
IMPURITIES 

ADDITIONAL REQUIREMENT5 
USP Reference Standards 
Doxercalciferol (new), 3880 
Doxycycline Hydate Capsules, 3897 
IDENTIFICATION 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
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IMPURITIES 

Organie Impurities (added) 

SPECIFIC TESTS 

Water Determination, Method I (deleted) 
ADDITIONAL REQUIREMENTS 
Packagina and Storage and USP Refercnce 
Standards 

Doxycycline Hyclate Tablets, 3900 
IDENTIFICATION 

Procedurę (deleted) and Test A (added) 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Organie Impurities (added) 

SPECIFIC TESTS 

Water Determination, Method I (deleted) 
ADDITIONAL REQUIREMENTS 
Packagina and Storage and USP Reference 
Standarcfs 
Dutasteride, 3924 
IMPURITIES 

Organie Impurities, Procedurę 2 
Esomeprazole Magnesium, 4057 
SPECIFIC TESTS 

Water Determination and Crystallinity 
(added) 

ADDITIONAL REQUIREMENTS 
Packaging and Storage and Labeling 
FenbendazoTe, 4151 
IDENTIFICATION 
IMPURITIES 
Organie Impurities 
ADDITIONAL REQUIREMENTS 
Packaging and Storage 

Fexofenadine Hydrochloride and Pseudoephed- 
rine Hydrochloride Extended-Release Tablets, 

4189 

PERFORMANCE TESTS 
Dissolution 

Galantamine Extended-Release Capsules, 4367 
ASSAY 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Heparin Sodium, 4475 
IDENTIFICATION 

Molecular Weight Determinations, Test D and 
Test E 

IMPURITIES 
Nucleotidic Impurities 
Hydrocortisone Sodium Succinate, 4519 
IDENTIFICATION 
Test C 

Hydroxyzine Hydrochloride, 4539 
IDENTIFICATION 
Infrared Absorption, Test A 
ASSAY 
IMPURITIES 
Organie Impurities 
ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Hydroxyzine Hydrochloride Tablets, 4542 
IDENTIFICATION 
Test A and Test B (added) 

ASSAY 

IMPURITIES 

Organie Impurities (added) 

ADDITIONAL REQUIREMENTS 
Packaging and Storage and USP Reference 
Standarcfs 

Ibuprofen Orał Suspension, 4556 
IDENTIFICATION 
Test A and Test B 
ASSAY 


IMPURITIES 

Limit of Ibuprofen Related Compound C (de¬ 
leted) and Organie Impurities (added) 
ADDITIONAL REQUIREMENTS 
USP Reference Standards 
lodine Topical Solulion, 4630 
IDENTIFICATION 

Identification Tests — General, lodide, Test B 
and Sodium , Test C (added) 
lodine Tincture, 4631 
IDENTIFICATION 

Identification Tests — General, lodide, Test B 
and Sodium, Test C (added) 

Strong lodine Tincture, 4632 
IDENTIFICATION 

Identification Tests — General, lodide, Test B 
and Potassium, Test C (added) 
lothalamate Sodium Injection (deleted), 4659 
Isoflurane, 4688 
IMPURITIES 
Chloride 

SPECIFIC TESTS 
Acidity or Alkalinity (added) 
lxabepilone (new), 4739 
Ketorolac Tromethamine, 4753 
IDENTIFICATION 
Test B 

IMPURITIES 
Organie Impurities 

Levetiracetam Extended-Release Tablets, 4812 
PERFORMANCE TESTS 
Dissolution 

Levocetirizine Dihydrochloride, 4825 
IMPURITIES 

Residue on Ignition, Organie Impurities, and 
Enantiomeric Purity 
SPECIFIC TESTS 
Loss on Dtying 

Losartan Potassium and Hydrochlorothiazide Tab¬ 
lets, 4913 

PERFORMANCE TESTS 
Dissolution 

ADDITIONAL REQUIREMENTS 
Labeling (added) 

Memantine Hydrochloride Tablets, 5000 
IMPURITIES 

Limit of Memantine-Lactose Adduct 
Methocarbamol Tablets, 5079 
IMPURITIES 
Methylene Blue, 5105 
Metoprolol Fumarate, 5135 
DEFINITION 
IDENTIFICATION 
Test B 
ASSAY 
IMPURITIES 
Organie Impurities 
SPECIFIC TESTS 

Melting Rangę or Temperaturę (deleted) 
ADDITIONAL REQUIREMENTS 
Packaging and Storage and USP Reference 
Standards 

Moexipril Hydrochloride, 5201 
IMPURITIES 
Organie Impurities 

MoexipnT Hydrochloride Tablets, 5203 
IMPURITIES 
Organie Impurities 
Moxifloxacin Hydrochloride, 5240 
ASSAY 
IMPURITIES 

Organie Impurities and Enantiomeric Purity 
(added) 

SPECIFIC TESTS 
Optical Rotation (deleted) 
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ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Nicotine Polacrilex, 5347 
DEFINiTION 
IDENTIFICATION 

Infrared Absorption for Nicotine, Test A and 
Infrared Absorption for Polacrilex, Test B 
ASSAY 

SPECIFIC TESTS 

Water Determination (deleled), Loss on Dry- 
ing (added), and Nicotine Releose 
ADDITIONAL REQUIREMENTS 
Packaging and Storoge 
Olopatadine Hydrochloride, 5425 
IDENTIFICATION 
Infrared Absorption, Test A 
ASSAY 
IMPURITIES 
Organie Impurities 

Olopatadine Hydrochloride Ophthalmic Solution, 
5426 

IDENTIFICATION” 

Test B (added) 

ASSAY 

IMPURITIES 

Limit of Early Eluting Impurities and Limit of 
Late Eluting Impurities 
Pemetrexed Disodium (new), 5588 
Pemetrexed for Injection (new), 5590 
Penicilliri G Procaine, 5607 
CHEMICAL INFORMATION 
ASSAY 

SPECIFIC TESTS 

Content of Penicillin C and Procaine, Sterility 
Tests, and pH 

ADDITIONAL REQUIREMENTS 
Packaging and Storage and USP Reference 
Standards 

Pentazocine and Acetaminophen Tablets, 5625 
ASSAY 

Pentazocin and Acetaminophen 
IMPURITIES 

4-Aminopheno! in Acetaminophen-Containing 
Drug Products (added) 

Phenoxybenzamine Hydrochloride Capsules, 5669 
IDENTIFICATION 
Test A and Test B (added) 

ASSAY 

PERFORMANCE TESTS 
Dissolution and Uniformity of Dosage Units 
Phenylephrine Hydrochloride Tablets, 5685 
IMPURITIES 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Prompt Phenytoin Sodium Capsules (deleted), 

Pioglitazone and Metformin Hydrochloride Tab- 
lets, 5720 

IDENTIFICATION 
Ultroviofet Absorption, Test A 
ASSAY 

Polymyxin B Sulfate, 5750 
IMPURITIES 
Organie Impurities 
SPECIFIC TESTS 
Composition of Polymyxins 
Potassium Gluconate, 5777 
IDENTIFICATION 
Test B 

Potassium Gluconate Orał Solution, 5778 
IDENTIFICATION 
Test A 

Potassium Gluconate Tablets, 5779 
IDENTIFICATION 
Test B 


Prochlorperazine Maleate, 5849 
DEFINITION 
IDENTIFICATION 
Test A and Test B (added) 

ASSAY 
IMPURITIES 
Organie Impurities 

Propafenone Hvdrochloride Extended-Release 
Capsules, 5876 

PERFORMANCE TESTS 
Dissolution 
IMPURITIES 

Organie Impurities and Content of Propafe¬ 
none Related Compound A 
ADDITIONAL REQUlREMENTS 
Labeling (added) 

Protaminę Sulfate, 5902 
ASSAY 
IMPURITIES 

Elemental Impunties (deleted) 

ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Protaminę Sulfate Injection, 5903 
ASSAY 

Quetiapine Extended-Release Tablets (new), 5937 
Ribavinn Capsules, 5996 
PERFORMANCE TESTS 
Dissolution 

Riboflavin Tablets, 6002 
ASSAY 

Ringer's Injection, 6019 
IDENTIFICATION 

Identification Tests—General, Test A; Sodium, 
Test B (added); and Potassium, Test C 
(added) 

Secobarbital Sodium Injection (deleted), 6132 

Secobarbital Sodium for Injection (deleted), 6132 

Secobarbital Sodium and Amobarbital Sodium 

Capsules (deleted), 6133 

Selamectin (new), 6133 

Sodium Citrate and Citric Acid Orał Solution, 

6186 

IDENTIFICATION 

Test A and Identification Tests — General, Test 
D 

ASSAY 

Sodium, Sodium Citrate, and Citric Acid 
Sodium Hypochlorite Solution, 6192 
IDENTIFICATION 
Test B and Test C (deleted) 

ASSAY 

Sulfadoxine and Pyrimethamine Tablets, 6263 
IDENTIFICATION 
Test A 
ASSAY 

Tamsulosin Hydrochloride Capsules, 6320 
ASSAY 

Procedurę 8 and Procedurę 7 0 (added) 
PERFORMANCE TESTS 
Dissolution 

Tetrahydrozoline Hydrochloride, 6410 
DEFINITION 
IDENTIFICATION 

Infrared Absorption, Test A and Test B 
ASSAY 
IMPURITIES 

Ordinary Impurities (deleted) and Organie 
Impurities (added) 

ADDITIONAL REQUIREMENTS 
Packaging and Storage 
Thiamine Hydrochloride Tablets, 6432 
ASSAY 

Tinidazole, 6483 
DEFINITION 
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IDENTIFICATION 
Test B and Test C (deleted) 

ASSAY 
IMPURITIES 
Organie Impurities 
SPECIFIC TESTS 

Melting Rangę or Temperatura (deleted) 
Tisstie Humań Amnion Chorion Membranę Dehy- 
drated (new), 6486 
Valinę, 6642 
IMPURITIES 
Related Compounds 
ADDITIONAL REQUIREMENT5 
USP Reference Standards 

Monographs (Global Health) 

Chlorhexidine Cluconate Topical Gel (new), 6779 

Monographs (Dietary 
Supplements) 

Ashwagandha Root, 6800 
IDENTIFICATION 

HPTLC for Articles of Botonical Origin , Test A 
and HPLC, Test B 
COMPOSITION 
ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Powdered Ashwagandha Root, 6802 
IDENTIFICATION 

HPTLC for Articles of Botanical Origin, Test A 
and HPLC, Test B 
COMPOSITION 
ADDITIONAL REQUIREMENT5 
USP Reference Standards 
Powdered Ashwagandha Root Extract, 6804 
DEFINITION 
IDENTIFICATION 

HPTLC for Articles of Botanical Origin , Test A 
and HPLC, Test B 
COMPOSITION 
ADDITIONAL REQUIREMENTS 
USP Reference Standards 
Citrulline (new), 6907 
Cryplhecodinium cohnii Oil, 6912 
IDENTIFICATION 
Curcuminoids, 6917 
IDENTIFICATION 

HPTLC for Articles of Botanical Origin, Test A 
and HPLC, Test B 
COMPOSITION 
CONTAMINANTS 
Botanical Extracts (added) 

Hesperidin (new), 7048 

lapanese Honeysuckle Flower (new), 7055 

7(558 65e Hone y suc ^ e ^ ower Df y Extract (new), 

lapanese Honeysuckle Flower Powder (new), 

7060 


Rutin, 7164 
IMPURITIES 

Quercetin and Other Related Compounds 
St. )ohn's Wort Flowering Top, 7166 
TITLE 

DEFINITION 

IDENTIFICATION 

HPTLC for Articles of Botanical Origin, Test B 
COMPOSITION 

Content of Hypericin and Pseudohypericin 
and Content of Hyperforin 
SPECIFIC TESTS 
Loss on Drying 

St. |ohn's Wort Flowering Top Powder, 7168 
TITLE 

DEFINITION 

IDENTIFICATION 

HPTLC for Articles of Botanical Origin, Test B 
COMPOSITION 

Content of Hypericin and Pseudohypericin 
and Content of Hyperforin 
SPECIFIC TESTS 
Loss on Drying 

St. )ohn's Wort Flowering Top Dry Extract, 7169 
TITLE 

DEFINITION 

IDENTIFICATION 

HPTLC for Articles of Botanical Origin, Test A 
and Thin-Layer Chromatography, Test B 
COMPOSITION 

Content of Hypericin and Pseudohypericin 
and Content of Hyperforin 
St. )ohn's Wort Flowering Top Dry Extract Cap- 
sules (new), 7172 

St. John'5 Wort Flowering Top Dry Extract Tablets 
(new), 71 73 

Sodium Ferrous Citrate (new), 7195 

Tienchi Cinseng Root and Rhizome Powder Cap- 

sules (new), 7218 

Tienchi Cinseng Root and Rhizome Powder Tab¬ 
lets (new), 7219 

Tienchi Ginseng Root and Rhizome Dry Extract 
Capsules (new), 7223 

Tienchi Ginseng Root and Rhizome Dry Extract 
Tablets (new), 7225 
Turmeric, 7228 
DEFINITION 
IDENTIFICATION 
Test A and Test B 
COMPOSITION 
Powdered Turmeric, 7230 
DEFINITION 
IDENTIFICATION 
Test A and Test B 
COMPOSITION 
SPECIFIC TESTS 

Articles of Botanical Origin, Foreign Organie 
Matter (deleted) 

Powdered Turmeric Extract, 7232 
IDENTIFICATION 
Test A and Test B 
COMPOSITION 


i 







Table 1. Peter mi ntstlc Leak Test Technologies 


a 


Deterrmnistic 

Leak Test 
Technologies 

Package 

Content 

Reguiremenis 

Package 

ReąiiłremenU 

Leak Detection Limit 5 ’ 

Measurement Outeome and 

Data Analysis 

Effect of 
Method 
on Package 

Test Time 
Order of 
Magnttude 

Electrical eon duet ivi ty and 
eapacitanee (high-voltage 
leak detection) 

Liquid (with no combustion 
rlsk) must be morę electri- 
caify conductive dian pack¬ 
age, 

Product must be present at 
leak sile. 

Less electrically 
conductive than 
liquld product. 

Row 3 

Yaries with product- 
package, instrument, test 
sam ple fiatures, and meth¬ 
od parameters. 

Quantitative measure of electrical current pass- 
ing through the test sample: provides an indi- 
rect determination of leak presence and leak lo- 
cation as shown by a drop in test sample elec- 
trical resistivity, with a resultani inerease in volt- 
age reading above a predetermined pass/fail 
limit. 

Nondestructwe, 
although impacL 
of test exposure 
on product sła¬ 
bi Ii ty Is recom- 
mended 

Seconds 

Laser-based gas headspace 
analysis 

Gas volume, path lenglh, 
and content must be com- 
patible with instrument'* 
detection capa bili ty. 

Allows transmts* 
sion of near-!R 
light 

Row 1 

Yaries as a function of time 
span between analyses. 

Quantitative measure of gas headspace content 
of the test sample by laser-based gas analysis, 
for a product reguiring a headspace Iow in oxy- 
gen, carbon dioxide, or water; vapor concen- 
tration; and/or Iow in absolute pressure. 

Whole test sample leakage ratę is determined 
by compiling readings as a function of time. 

Nondestructive 

Seconds 

Mass extractton 

Gas or figuid must be 
present at leak site. Pres- 
ence of liquid at leak sile 
reguires test pressure* he¬ 
lów vapor pressure. 

Product must not dog leak 
path. 

Rigid, or flexible 
with package re- 
straint mecha- 
nlsm. 

Row 3 

Varies with product- 
package, instrument, test 
fiKlures/chamber, and 
method parameters. 

Quanlitative measure of mass flow ratę resulting 
from test sample headspace escape or ltquid 
product yolatilization within an evacuated test 
chamber housing the test sample. 

Quantitative pressure readings early tn the test 
cyde indicate larger leak presence. 

Whole test sample leakage ratę is determined 
by comparing the test sample mass flow results 
to results using leak ratę standards and positiye 
Controls. 

NondestructiVe 

Seconds to mi¬ 
ru tes 

Pressure decay 

Gas must be present at leak 

sile, 

Product (es pec taiły ltquids 
or semi-sollds) must not 
cover potential leak siles. 

Compatible with 
pressure detec- 
tion modę. 

Rigid, or flexible 
with package re- 
straint mecha- 
nism. 

Row 3 

Yaries with product- 
package, instrument, and 
method parameters. 

Quantitative measure of pressure drop with i n a 
pressurized test sampte. Pressure drop readings 
are a measure of gas escape through leak 
paths. 

Whole test sample leakage ratę is determined 
by comparing pressure decay results to results 
using leak ratę standards and posili ve Controls. 

Nondestructive r 
unless the means 
used to access 
test sample inte¬ 
rior compromi- 
ses test sample 
barrier. 

Minutes to days, 
dependrng on 
package volume 
and reąulred 
leak limit of de¬ 
tection 

Tracer gas detection, vac- 
uum modę 

Tracer gas must be added 
to package, 

Tracer gas must have ac- 
cess to package surfa ces 
being tested for leaks. 

Abłe to tolerate 
high-vacuum 
test conditions 
Rigid, ot flexible 
with package re- 
straint mecha- 
nism 

limited tracer 
gas permeability 

Row T 

Yaries with instrument 
capability and test sample 
fixtures. 

Quantltative measure by spectroscopic analysis 
of tracer gas leak ratę emitted from a tracer- 
fiooded test sample positioned in an evacuated 
test chamber. 

Whole test sampte leakage ratę is calculated by 
normalfzing the measured tracer leak ratę by 
tracer concentration in the test sample. 

Nondestructive, 
unless tracer gas 
intraduction into 
the package 
compromises 
test sample barri¬ 
er. 

Seconds to mi¬ 
nutes 


a At! methods apply to nanpomus, rigid and fleaible pa tk ag es as per the stopę of <1207), 

b The leak detection limit ciied for each technoiogy ref er s to Package Integrity £valuatfanSterile Products (1 207), Tobie 1 and is provided for Information on ty. Thls Information is intended to assisi In earty methodolo- 
gy selettion. The validated leak detection limit for a product-package test method msy deyiate from these values. 
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Table 1. Deteraiinistk Leak Test Technologies 3 (Cominued) 


DetermlnUtk 

Leak Test 
Technologies 

Package 

Content 

Reąuirements 

Package 

Reąuirements 

Leak Detection Limlt b 

Measurement Outcome and 

Data Anaiysis 

Effect of 
Method 
on Package 

Test Time 
Order of 
Magnitude 

Vacuum decay 

Gas or liquid must be 
present at leak stte. 

Presence of iiquid at leak 
slte requires test pressures 
be Iow vapor pressure. 
Product must not dog leak 
path. 

Rigid, or fleaible 
with package re- 
strafnt mecha¬ 
nizm 

RowJ 

Varies with product-pack- 
age, instrument, test sam- 
ple chamber, and method 
parameters. 

Quantitative measure of pressure rise (vacuum 
decay) wfthin an evacuated test cham ber hous- 
ing the test sarnple; vacuum decay readings are 
a measure of headspace escape From the test 
sampEe, or lig u id product vo1atilization. 

Whole test sarnple leak ag e ratę is determined 
by co m pa ring vacuum decay results for the test 
sarnple to results of tests performed using leak 
ratę standard* and positive Controls. 

Nondestructrye 

Seconds to mi¬ 
nutę* 


a Ali melhods apply to nonporous, rigid and tlexible packages as per the scope of (1207). 

b The leak detection limit tited for each technology refers to Package tategrity Eyahalion—Stenie Products (1207), Tobie I and is provided for Information only, This Information is intended to assist in early methodolo- 
gy selection. The yalłdated leak detection limit for a product-package test method may deviate from these values. 
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Table 2« Probabilistic Leak Test Technologies j1 


Probabillstfc 

Leak Test 
Technologies 

Package 

Content 

Requlrements 

Package 

Reąuirements 

Leak Detection Limit 1 ' 

Measurement Outcome and 

Data Analysis 

Effect of 
ft/tethod 
oti Package 

Test Time 
Order of 
Magnitude 

Bubble emission 

Gas must be present at leak 

Si te. 

Product (espedally liquids 
or semi-solids) must not 
cover package surfaces to 
be leak tested* 

Rigld, or flexible 
with package re- 
straint mecha- 
nism. 

Row 4 

Varies with product^pack- 
age, test sample fixtures 
and positioning, method 
parameLers, and analyst 
techoique and skitL 

Qualitative measure by visual mspeciion of bub- 
ble emission caused by escape of test sample 
headspate while sample is submerged and ex- 
posed to difłerentifll pressure conditions. ATter- 
natively, sample surfaces may be exposed to 
surfactant. 

Continuous bubble emission indicates leak 
presence, location, and relative size< 

Destructive 

Minutes 

Microbial challenge, Emmer- 
sion exposure 

Growth-supportive media or 
product. 

Presence of lląuid at the 
leak site reguired for meth- 
od reliability. 

Able to toleratę 
pressure and im- 
mersion chał* 
lenge. 

Ftigid, or flexible 
with package re- 
straint metha* 
ntsm. 

Row 4 

Yarles with container-clo- 
surę, test sample f!xtures 
and positioning, challenge 
eon di ti on severity, and fn- 
herent biological vanabHI- 

ty- 

Qualitative measure by visuai inspection of mi- 
croorganism growth inside test samples filled 
with growtfvsupportive media or product, post 
immersion in heavlly contaminated challenge 
media while exposed to differential pressure 
conditions, followed by ineubation to encouf- 
age microbial growth. 

Growth in the test sample indicates the pres- 
ence of test sample leak site(s) capa ble of al- 
lowing passive or active entry of microbes. 

Destmctive 

Weeks 

Tracergas detection, sniffer 
modę 

Tracer gas must be added 
to package. 

Tracer gas must have ac- 
cess to package surfaces to 
be tested for leaks. 

Leak site accessi- 
ble to probe. 
Limited tracer 
gas permeability. 

Row 2 

Varies with test sample, 
method paranie te rs, test 
sample fixtures, and ana¬ 
lyst technigue and skilL 
Smaller leak detection may 
be possible under opti¬ 
mum test conditions. 

Quantitativo measure by ipectrosuupiL analysts 
of tracer gas near the outer surfaces of the trac- 
er-ffooded test sample, sampled using a sniffer 
probe. 

Tracer presence above a pass/fail limit indicates 
leak presence and iocation. 

Nondestructive, 
unless tracer gas 
introduction to 
the package in¬ 
terior compromi- 
se s test sample 
barrier. 

Seconds to mi¬ 
nutes 

Tracer lig u id 

Contents must be compati- 
ble with llguid tracer. 
Product must not clog leak 
path. 

Rigtd, or flexible 
with package re- 
straint mecha- 
nisrm 

Able to to tera te 
liguid immer- 
sion. 

Compattble with 
liquid tracer de- 
tettion modę. 

Row 4 

Varfe$ with canta Iner-do- 
surę, test sample fbetures 
and positioning, challenge 
condition severity, and 
tracer llquid content 
Smaller leak detection may 
be possible under optima! 
test conditions employing 
Chemical analysis tracer de- 
tection. 

Measure of tracer in test sample previousiy sub^ 
merged in Lracencharged llquid while exposed 
to differential pressure conditions. Akematively, 
tracęr-charged test samples may be submerged 
in tracer-free collection fluid. 

Tracer migralion measurement may be guanti* 
tative (by diemical analysis; preferred approach 
for smal lleak detection) or qua li ta tive (by visua1 
inspection). 

Tracer presence indicates leak site(s) capable of 
allowing tracer passage. Tracer magnitude may 
indicate relative leak size (assuming a single* 
leak pathway). 

Destructive 

Minutes to hours 


a Ali methods apply to rtonporous, rigtd and flexible packages as per the scope of (1207). 

b The leak detection limit cited for each technology refers to Pockage Iniegrity Evałualbn—Stenie Products (i 207), Table J and is proyided tor Information only. This Information is intended to assist in early methodolo- 
gy selecLion. The yalidated Jeak determination limit for a product-package speciftc test mcthod may deviaie from Lhese vaEues. 
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2. DETERMINISTIC LEAK TEST TECHNOLOGIES 

2.1 Electrical Conductivity and Capacitance (High-Voltage Leak Detection) 

2.1.1 DESCRIPTION 

The electrical conductivity and capacitance leak test (high-voltage leak detection, or HVLD) is an approach for detecting the 
presence, and potentially the location, of a leak{s) in the wali of a nonporous, rigid or flexible package containing liquid or 
semi-liquid product. Test analysis is based on quantitative electrical conductance measurements (7-5). HVLD leak tests are 
generally nondestructive to the package and to the product, although an evaluation of HVLD exposure impact on product 
physicochemical stability is advised. 

The test is performed by first positioning the test sample (containing liquid product) onto an eJectrically grounded instru¬ 
ment test fixture, AJtematively, the test sample may be placed onto a transport system that will carry the test sample through 
an electrically grounded testing zonę. Upon test start, an electrode uniguely designed for the product-patkage type under test 
exposes aII or part of the test sample to a high-frequency, high-voltage, low-amperage current. The presence of a leak path in 
the proximity of an electrically conductive, liguld-formulation product resufts in a drop in the electrical resistance of the test 
sample, as shown by a spike in current passing through the test sample above a predetermined pass/fail limit established usrng 
negative Controls. 

2.1.2 APPLICATION 

Rigid orflexib!e packages of nonporous components containing liquid or semi-liquid product may be tested: 

* Package components must be relatively electrically nonconductive. 

* Product must be electrically conductive, relative to the package. 

* Product must not be flammable (r.e., not a combustion rfsk). 

* Product must be near or at the leak inspection locatbn at the time of the leak test. 

* Solidified, electrically conductive product that blocks leak paths may be detected. 

* Metal caps used to seal stoppered vial or cartridge packages conduct current, improving the fikelihood of frnding leaks 
under the cap. 

HVLD tests are rapid, requiring no morę than several seconds fora fuli scan of the test sample, thus rnaking them appropri- 
ate for off-line testing, or as an on-ltne, 100% product inspection test method. This technology is useful for any product llfe 
cyde phase. 


2.1.3 TEST EQUIPMENT 

HVLD instrumentation comes equipped with tooling and/or a test sample transport system for proper test sample and 
probe/ground positioning, an internal high-voltage transformer, electrode voltage and ground potentiometer adjustment ca- 
pabilitles, and a test result output display. The design and materials of construction used for the electrode probe and electrical 
ground are product-package specific. 


2.1.4 TEST PARAMETERS 

The foilowing are test parameters for the electrical conductlvity and capacitance leak test, also known as HVLD: 

* Conductivlty of test sample product relative to test sample package: a greater difference will improve leak detection sensi- 
trvity 

* Test voltage set point: voltage is set high enough toensure leak detection, but not so high that current will arc, falsely 
rejecting the test sampie 

* Test sensitivtty set point (potentlometer or gain set point): sensitivity should be maximized to ensure leak detection with- 
out triggering a false reject result 

■ Package content proximity to potential leak paths: leak detection sensitwity is directiy related to the proximity of product 
to the leak path 

* Electrode probe position relatwe to potential leak paths: probe proximity to the feak is directiy related to the test method 
sensitiyity 

* Speed at which the electrode passes over the test sample surface: although the test Is very rapid, test speeds too rapid 
may cause leaks to be mtssed 

* Moisture presence on the package: test sample surface condensation can potentially trigger a false reject reading 
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2,2 Laser-Based Gas Headspace Analysis 

2*2,1 DESCRIPTION 

Gas headspace analysis via laser-based technigues provides a quantitative, nondestructive measure of oxygen content, water 
vapor content, and Iow internal pressure in the headspace of a nonporous, rigid or nonrigid package (6-8). Some Instruments 
are capable of measuring headspace carbon dioxide concentratlon as welL 
The test is performed by first płaci ng the test sample in a fixture desśgned for precise test sample positioning. Upon test 
start, freguency-modulated spectroscopy is used to causea near-infrared (IR) diodę laser light to pass through the gas head¬ 
space region of the sealed test sampte. Light ts absorbed as a function of gas concentratlon and pressure. The absorptlon infor- 
matton is processed using phase-sensitive detection technigues; a mixer demodulates the signal. The output voltage, which is 
proportional to the absorption iine shape, is digitally converted and further anaiyzed by a microprocessor, yielding test sample 
signal results. Finał test sample readrngs are automatically generated based on a comparison of test sample signals to a calibra- 
tion curve. This curve is pre-established by using eon troi packages flooded with traceable gas reference standards. Gas head¬ 
space analysis, as a function of time, provldes a quantitative measure of the total leakage ratę of the test sampte. Leakage rates 
are judged acceptable or unacceptable on the basis of predetermmed limits, calculated to ensure proper gas headspace eon- 
tent maintenance over the product Itfe tycie. 


2,2.2 APPLICATION 

Rigid or Flexible packages madę of nonporous components (transparent or semi-transparent materiał, either amber or color- 
less) that allow transmission of near-IR diodę laser light may be tested. Test sam pies reguire a minimum headspace volume 
and headspace path length. The reguirements vary on the basis of the gas moiety to be tested and may be spedfic to the 
instrument as well as to the construction and design of the package materiafs. 

Test samples that may be anaiyzed fali into these categories; 

* Products that reguire low-oxygen or low-carbon-dioxide headspace eon tent 

* Products that reąuire Iow water vapor content (e.g,, lyophtlized or powdered products) 

* Products that require Iow internal package pressure (e*g., lyophillzed products) 

Package integrity, or absence of leakage, is confirmed by replicating tests on a given test sample as a function of time. Lon- 
ger time periods between tests are needed to detect smaller leaks* Mathematical models appropriate to leak flow dynamics 
may be used to predict the time reguired for detecting leaks of various sizes or rates. 

Headspace analysis at a single time point provides the headspace content result, which may or may not be indicative of 
package integrity. 

* A test result not meeting specification could be due to package leakage, or could result from improper package filling or 
assembty processes that caused the package headspace to be out of specification, 

* A test result that meets specification may confirm package integrity if enough time has elapsed sińce product-package 
preparation for measurable leakage to have occurred, assumlng that the initial preparation of the test sample met manu- 
facluring standards. 

Methods of laser-based gas analysis may be used during any phase of the product life cycle. Tests are rapid and are appro- 
priate for off-Iine testing using lab-scale eguipment {typka! measurement time, 2 s) or as an on-line, 100% product inspection 
method (typical measurement time, 0.2 s). 


2,2,3 TEST EQU!PMENT 

Test instrumentation for laser-based gas headspace analysis is capable of accurate and reproducible near-IR diodę laser light 
emission, light detection, and signal analysis. Tooling specific to product-package test samples is used to properly position test 
samples, ensuring reproducible laser-light transmission and detection, Standards with components identicai to the packages 
under test, in terms of both the materials of construction and the dimensions (at the point where light is to be transmitted), 
are required. These standards also need to contain headspace content that is representative of the gas mixture under test (i.e. # 
oxygen, carbon dioxide, water vapor, pressure). 


2,2.4 TEST PARAMETERS 
The foliowing are test parameters for laser-based gas headspace analysis: 

* Test sample position with respect to laser beam transmission and detection points: imprecise test sample handling, and/or 
dimensional irregularity of the package, can inerease measurement standard deviation 

* Test sample headspace vofume: the volume must meet minimum reguirements for test instrumentation 

* Test sample headspace absolute pressure: headspace absolute pressure wiil influence the detection limit and rangę for all 
test types 

* Test sample speed: inerease in testing speed will inerease standard deviation of measurement 
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* Test sample temperaturę: temperaturę can influence moisture and pressure test results (e.g. f lower temperatures are asso- 
ciated with lower internal pressure of the test sample) (9) 

* Test sample outer surface moisture: presence of moisture may hamper test performance 

* Time allotted between the repficate tests: performing replicate tests over a period of time ailows calcuiation of continuous 
package leakage 


23 Mass Extraction 

2,3*1 DESCRIPTION 

The mass extraction test is a nondestructive, quantitative measurement approach for detecting leakage in nonporous, rigid 
or flexible packages (Uf). Leakage of package headspace gases and/or leakage befow the product fili leve! may be detected, 
given appropriately designed equipment and test parameters. 

The test is performed by first placing the test sample inside a test chamber that is pneumatkaliy connected to a mass extrac- 
tion leak test system egulpped with a vacuum generator package. The test chamber is uniquely designed to contain the test 
package, which is fitted with appropriate tooling to limit movement or expansion of moveable or flexlble components, respec- 
tively. 

Upon test start, the chamber is quickly evacuated for a predetermined time to reach a predetermined vacuum level. A senes 
of such evacuation cycles may be performed, each intended to identify smaller leakage rates, After each cyde, the test system 
is isolated from the vacuum source and measurements of absolute pressure, pressure decay ratę, and/or gas mass flow ratę are 
captured, Readings greater than predetermined limits that were established using negative Controls are indfcative of Container 
leakage, triggering test cycle a bort. 

For those test samples passing all prewous larger leak vacuum cycles, a finał vacuum is drawn. The test system is then isoia- 
ted from the vacuum source. With all flow from the test chamber directed through the mass flow sensor, the mass flow ratę is 
measured. Mass flow above a predetermined limit established using negative Controls is indicative of Container leakage. 

23.2 APPLICATION 

Nonporous, rigid or flexible packages may be tested. Packages containing gas, fiquid, and/or solid materials can be tested: 

* Flexible packages or packages with nonfbced components require tooling to restrict package expansion or movement, re- 
spectivefy, when exposed to test vacuum conditions. Tooling minimlzes the seal stress of flexibie packages and maintains 
consistent package volume and differential pressure conditions across the leak path. 

* Gas headspace must be at atmospheric pressure or ata pressure notably greater than test vaeuum conditions. 

0 Package surfaces below the product-fiil level may be leak tested for those solid-formulation products that do not błock 
leak-site gas flow and for those !iquid products that volatilize at test vacuum but do not sofidify and so błock leak paths. 

* Packages ranging in volume from a few milliliters to several liters may be tested. 

Tests require anywhere from several seconds to a few minutes to perform. Longer test times are necessary for testing larger- 
volume packages. Lengthenlng test cycles also ailows for detection of smaller leaks. 

Mass extraction leak tests are usefuJ in any phase of the product life cycle. Tests may be performed in a laboratory setting or 
off-line in the production environment. Longer laboratory or off-line test cycle times are generałly capable of detecting smaller 
leaks. Higher speed on-line tests are restricted to larger leak detection. 

23.3 TEST EQUIPMENT 

Mass extraction test instrumentation consists of a system of conduits and vaives that pneumaticaily connect a test chamber 
with a test system pressure sensor, mrcro-flow mass sensor, and vacuum generator package, including an external vacuum 
source. The Instrument includes appropriate timers, electronic Controls, and monitors. A fixed-size orifice is included for perl- 
odje system performance verification. The test chamber is uniquely designed to contain the test package, which is fitted with 
appropriate tooling to limit movement or expansion of moveable or flexible components, respectively. 

23-4 TEST PARAM ETERS 

The following are test parameters for mass extraction: 

* Pressures 

— Test system pressure reading after rnitial gross leak check. At evacuation stage, pressure Is a function of test system 
volume, time allotted for evacuation, and the vacuum source pressure levet. 

— Test system pressure reading after the secondary eyacuation stage(s): pressure above a predetermined limit rs due to 
test package leakage. The pressure level aboye baseline is a function of leak stze, available headspace vofume, and/or 
volatile liquid in the test sample. 
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— The finał absolute pressure of the test cyde rnust be lower than the headspace pressure of the test package for detec¬ 
tion of gas headspace leaks, and/or lower than the volatlllzation pressure of llqutd product formulation for leaks loca- 
ted below the liąuid-product fili fevef. 

* Mass flow 

— Mass flow ratę reading after secondary evacuation stage(s). 

— The mass extracted from the test sample is monitored for larger leak detection after the first secondary evacuation 
stage; mass extracted from the test sample is monitored for the smallest leak detection after the last evacuation 
stage. 

— Background flow level (i.e., the baseline flow or noise level) is the flow ratę for packages wlthout leaks. Baseline flow 
is a function of test package and system outgassing, test system volume, and the time allowed for evacuation. 

— The mass flow ratę at steady-state conditions, when extracted from the test ehamber, is equal to test sample leakage 
into the test ehamber, assuming that outgassing from the sample and extemal leakage from the test system are in- 
signrficant. Leakage is identified once the mass flow ratę notably exceeds the ratę of negative Controls, 

* Times 

“Time allolted for system evacuation for gross feak detection: enough time is aflotted to draw off most of the test 
chamber gases, without exhausting the headspace gases of the test package, or without drawing off the liguid con- 
tents from grossly leaking packages. 

— Time allotted for large-leak check through the rrass flow sensor: a brief Urnę is required for detection of large- and 
medium*sized defects. 

— Time allotted for system evacuation for smali leak detection: enough time should be allowed to establish the desired 
vacuum equilibrium of the test chamber. Insufficient time will not adequately draw off gases sorbed onto package 
surfaces or entrapped between components. 

— Time allotted for mass flow to stabilize: after the secondary evacuation stage(s), monitor the flow as the flow ratę 
approaches steady State. Enough time is allotted so that flow from the smallest allowed defect is statistically greater 
than baseline (no-leak) flow. 

— Time allotted for the finał Jeak test by mass flow: enough time should be allotted so that the mass flow ratę exceeds 
baseline readings for negative Controls. 

2.4 Pressure Decay 

2.4.1 DE5CR1PTION 

The pressure decay test is a quantitative measurement approach for detecting leakage in nonporous, rigid or flexible pack¬ 
ages. The test is destructwe rf the introduction of pressurized gas creates a break in the package wali or seal The test is non- 
destructive if the introduction of gas mto the test sample does not compromise the package barrier. Pressure decay testing is 
intended for integrity testing of the gas headspace region of the test sample. 

To perform the test, a dry air or inert gas pressure source is attached to the test sample that is fitted with an interna I pres¬ 
sure monitoring device. The test sample U pressurized to a predetermrned pressure, after whreh the pressure source is isolated 
from the test sample. The decay in pressure is monitored for a predetermined time. Pressure decay that exceeds a predeter- 
mined limit established using negative Controls indicates Container leakage. 

The referenced ASTM F2095 method (11) is intended for testing flextble packages (pouches and foil-seaied trays). Seals or 
surfaces being tested cannot be in contact with product such as water, oits, or other liguids. ASTM method A describes testing 
packages without use of a restraint mechanism. The method reguires that the package reach a stable volume config u ration 
(Le. # it stops stretching) to take a measurement. ASTM method B requires that the test sample is kept between restraining 
plates during the test to limit the volume of the pressurized package. 

2.4.2 APPLICATION 

Nonporous, rigid orfiextble packages may be tested: 

* Package surfaces that can be tested are those unobstructed by product (e.g., oifs, water, or other liquids>; smali leaks be¬ 
low the fiquid-fill level would not be detected by this method. 

* Flex!b!e packages or packages with nonfixed components reguire tooling to restrlct package expansion or movement, re- 
spectively f when exposed to test pressure conditions. Tooling minimizes the seal stress of the flexible package and main- 
tains consistent package volume and differential pressure conditions across the leak path. 

* Pressure decay can be used for testing packages anywhere from a few millillters in voiume to large, bulk-storage vessels. 
Tests require anywhere from a few seconds to a several hours to perform. Longer test times are necessary for testing larger- 

volume containers. lengthening test ty des also allows for detection of smaller leaks, 

Pressure decay tests are useful in any phase of the product life cyde. 

Tests may be performed in a laboratory setting or offdine in the production environment. Laboratory or off-llne test equip- 
ment that allows for longer test times is generatly capable cf detecting smaller leaks. Higher-speed, on-line pressure decay 
eguipment may be used to check for defects in open packages before package filJing and ciosure. 
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2.4.3 TEST EQUIPMENT 

Presstire decay test instrumentation mcludes conduits to connect the test sample wRh test system pressure transducers (ab- 
solute, differential, or a combination of both) and a pressure source (72), Instrumentation indudes appropriate timers, elec- 
tronic Controls, and monrtors. Createst test method sensrtivity and reproducibility are achieved when the instrument ts kept rn 
a temperature-controlled environment; test samples (especially larger*vofume samples) are kept at a contro lled, constant tem¬ 
peraturę durmg test; and dry pressunzing gas at constant temperaturę is used. It is optional to use tooling uniquely designed 
to limit motfement or expansion of moveable or flexible components, respectively, thereby keeping test sample volume con¬ 
stant and Nmiting seal stress. 

2.4.4 TEST PARAMETERS 

The following are test parameters for pressure decay: 

• Test sample intern a f pressure after pressurization: 

— The initial pressure reached after sample pressurization is a function of the test system yolume, time allotted for pres¬ 
surization, pressure source capacity, and temperaturo of the test sample headspace. 

— Higher pressure creates the potential for morę rapid and sensitive leak testing. Howeyer, the selection of maximum 
test pressure should take into consideration personnel safety risks and potential damage to eguipment and package. 

• Pressure decay baseline: the baseline pressure decay (i,e., noise level) is the pressure drop that occurs for packages with- 
out leaks. 

— Baseline pressure drop is a function of test package yolume, temperaturę conditions, and the length of time allowed 
for pressure to rise. 

— Baseline pressure drop requiring longer time periods is affected by gas sorption onto test package surfaces, gas mois- 
ture content (dry gas should be used), and gas temperaturę. Techniques to limit baseline pressure drop include the 
use of dry gases, and keeping the test Container and the pressunzed gas at a constant temperaturę. 

■ Pressure decay due to test package ieakage: the extent of pressure decay above baseline is a function of leak size, avaiiable 
headspace volume in the test sample, the initial pressure inside the test sample, temperatura control, and the time allot- 
ted for pressure to rise. 

• Times 

— Time allotted for test sample pressurization: enough time is allotted to establish the desired pressure inside the test 
sample. 

— Time allotted after pressurization for pressure decay: enough time should be allotted so that the pressure decay from 
the smallest leaks can be detected (i.e., baseline decay is exceeded). 

— A time lag may be incorporated before monitoring for pressure decay to allow for gas eguilibrium within the Contain¬ 
er and test system. 

• Temperatures 

— Temperaturę of the pressurized gas can significantly affect test method sensitiyity and reliability, especially when test¬ 
ing largerwolume containers. 

— An increase in gas temperaturę causes a rise in pressure, and conversely, a rise in gas pressure triggers an increase in 
gas temperaturę. Therefore, upon initial test package pressurization, the gas temperaturę will spike, causing a further 
spike in pressure. The subseguent drops in temperaturo and pressure during system eguilibrium may be mistaken for 
leakage. 

— Effects of temperaturę variation may be minimized by: 1) allowing the temperaturę in the pressurized system to 
come to equilibrtum before starting the pressure decay test, 2) minimizing temperaturę variation outside the test sys¬ 
tem, 3) minimizing test duration, and/or 4) applying a mathematfcal correction to the pressure readings. 

2.5 Tracer Gas Detection, Vacuum Modę 

2.5.1 DESCRIPTiON 

The leak detection method for tracer gas detects leakage from nonporous, rigid or flexibte packages, The method can be 
destructiye or nondestructiye, depending on the test approach used. The test requires the presence of tracer gas inside the test 
sample package. Helium Is the most commonly used tracer gas, and hydrogen is also used. The leakage ratę of tracer gas is 
quantitatively measured using a spectrometric analytical instrument specific for the tracer gas. Instruments are designed to 
check for tracer gas leaking out of a test package, either by means of a test chamber that can be evacuated to draw gas out of 
test sample leaks (the yacuum modę) or by use of a yacuum wand (the sniffer modę) for scanning the outer surfaces of the test 
package (see Tracer Cos Detection , Sniffer Modę). The yacuum-mode tracer gas test is used morę commonly than the sniffer 
modę for integrity testing stenie pharmaceutieal product-packages. The yacuum modę is both quantitative and determmistic 
and is used to cap turę and guantify leakage from an entire test package, or it can be used to test for leakage aiong a test 
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package surface or seal, given proper sample fixtures. Both vacifum and sniffer testing modes using helium as the tracer gas 
are described in ASTM F2391 (73). 

To perform the vacuum modę test, test samples that have been fully or partially flooded with tracer gas are pfaced inside an 
evacuation chamber that is pneumatically connected to the tracer gas anafysis instrument. Alternatlvely, the test sam ple may 
be fitted in such a manner that only the surface or seai of nterest is exposed to the instrument, allowing for targeted leak 
detection at one specifrc seal or surface. In same cases, test samples that cannot withstand the high-vacuum test conditions 
may be tested with the use of tooling to restrict package expansion or movement. 

At test start, the instrumenfs vacuum pump evacuates the test chamber or fixture, drawfng leaking tracer gas through the 
analyzer. The absolute feak ratę of the test sample is calcu la ted by norma lizing test resufts by the partial pressure of the tracer 
gas within the test sam ple at the time of test For accurate results, tracer gas concentration within the sample must be uniform 
and consistent at the time of test; also, there should be minima! tracer gas permeation out of the test sample that can mask 
test sample leakage. Calibration tracer gas reference slandards can be used for understanding the relationship between true 
leak rates and measured feak rates under actual test conditions. 

The vacuun>mode tracer gas leak test is a nondestructive test, unless tracer gas introduction into the test sample reąuires 
package wali compromise (e.g., pierdng), or if the presence of tracer gas is detnmenta! to the package contents, 

2.5.2 APPLICATION 

Rigid or flexible packages madę of non poro u s components: 

• Flexible packages or packages with nonfixed components may reguire tooling to restrict package expansion or move- 
ment, respectivefy. 

• Tracer gas permeation through the package materiał must not be so great that the ieakage ratę of concem is masked. 

■ A wide rangę of package sizes may be tested. 

Leak paths must be elear of liquid or solid materials thatcould potentiafly błock tracer gas flow. 

Caution is advised when testing ligufd-filled packages, because vapors or liqurd drawn into the test system can seriously 
damage instrumentation, 

Detection capabilities rangę from large leaks to the smaliest leaks. 

• Method capability is related to the size of the unobstructed leak path. 

• Large leaks in the smaliest packages may be missed because of the rapid loss of tracer gas (e.g., durlng the evacuation 
phase of the vacuum modę test). 

• Significant tracer gas permeation through the package itself can interfere with the test by swamping leakage ratę. 

The test is nondestructive if the tracer gas is introduced into the package at the time of package assembly or closure, but the 
mdusion of tracer gas may prevent introduction of these packages into commercial or clinical markets. The test is destructive if 
the introduction of tracer gas compromises assembled package integrity (e.g., package puncture). Foliowing test sample prep- 
aration, the actual leak test generał ly takes less than 1 min. 

Tracer gas leak test methods may find applrcation in any product life cycle phase. They are generally used in a laboratory 
environment. Tracer gas methods can also be used in production as an off-line testing approacb; they can be used on-tine if 
tracer gas is introduced into the test samples before finał package closure. 

2.53 TEST EQUIPMENT 

Analytical instrumentation specific for tracer gas detection (e.g., mass spectrometer for helium detection) is reguired, typi- 
cally eguipped with an interna! leak ratę standard for instrument calibration at time of use. Additional eguipment needed in- 
cludes externa! calibration reference standards of tracer gas, to be used for comparisons of true leak ratę versus measured leak 
ratę under actual test conditions; a tracer gas source with a means for introducing tracer gas into the test sample; a test cham¬ 
ber or fixture to pneumatically connect the test sample with the instrument; tooling to restrict package expanslon or move- 
ment, as appropriate; a means for accessing and analyzing the test sample headspace for tracer gas partial pressure after exe- 
cution of the vacuum-mode leak test; and ventilation to remove tracer gas from the test area, or a tracer gas recapture system. 

2.5.4 TEST PARAMETERS 

The following are test parameters for tracer gas detection, vacuum modę: 

a Tracer gas partial pressure within the test sample at the time of test: 

— When added by soaking the intact package, the concentration of the tracer gas is dependent on the time allotted, 
the positive pressure applied, and the tracer gas leak ratę, plus the ratę of permeation into the package 

— When added before package closure, tracer gas concentration rs dependent on the gas flooding ratę and time, the 
tooling and/or enclosure used to concentrate gas inside the package, and the efficiency of package closure for pre- 
venting escape of tracer gas 

— When added after package assembly, tracer gąs concentration Is dependent on the tooling used to pierce, flush, and 
vent the package; the gas flooding ratę and time; and the sealant materiał applied to resea! the puncture site 
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* Differential pressure applied to the test sample during the vacuum modę will drive tracer gas out of the test sample, in- 
creasing method sensitivity 

» Time aliotted to allow for leakage to reach steady State should not exceed tracer gas permeation lag time 

2.6 Vacuum Decay 

2.6.1 DESCRIPTION 

The vacuum decay test is a nondestructive, quantitative measurement approach for detectmg leakage to nonporous, rigtd or 
flexible packages. Leakage in the package headspace gas region and/or below the product-fill level may be detected grven 
appropriately des tg ned test parameters and ff product properties allow (as detailed below). 

To perform the test, the test sample is placed in a closely fitting evacuation test chamber pneumatically connected to the 
leak test system, which is eguipped with an external vacuum source. The test chamber is uniguely designed to contain the test 
package. Test samples with moveable or flexible components reguire appropriate tooling to limit the movement or expansion 
of such components, respectively, 

Upon test start, the test chamber plus test system de ad space are evacuated for a predetermined period of time. The targe- 
ted vacuum level chosen for the test is predetermined on the basis of the test sample type, size, and contenL The vacuum 
source is then isolated from the test system. After a short time has elapsed to allow for system equifibration, the rise in de ad 
space pressure (i,e,, vacuum decay) is monitored for a predetermined Jength of time using absolute and/or differential pressure 
transducers* A pressure fncrease that exceeds a predetermined pass/fatl limit estabiished using negative Controls indkates Con¬ 
tainer leakage, ASTM F2338 may be referenced ( 14 ). 

2.6.2 APPLICATION 

Nonporous, rigid or flexible packages may be tested, Packages containing gas, liguid, and/or solid materfals can be tested: 

* Flexible packages or packages with nonfixed components reguire tooling to restrict package expansion or movement, re- 
spectively, when exposed to test vacuum conditions. Tooling minimizes flexible package seal stress and maintains consis- 
Lent package vo!ume and differential pressure conditions across the leak path. 

* Product-package gas headspace must be at atmospheric pressure or at a pressure notably greater than test vacuum con¬ 
ditions, 

* Package surfaces below the product-fil! Ievel may be tested for leaks for those solid dosage formulation products that do 
not błock leak-site gas flow or for those liquid dosage krm products that volatilize at test vacuum without solidifying and 
blocking leak paths. 

* Packages ranging in volume from a few milfiliters to several liters may be tested. 

Vacuum-decay leak tests are useful in all phases of the product life cycle. Tests reguire anywhere from a few seconds to a few 
minutes to perform, Longer test times are necessary for testing largerwofume packages orfor detection of the smallest leaks, 
Longer test times are morę appropriately performed in a ta bora tory setting or off-line in the production environment Higher- 
speed on-!ine eąuipment is generally used for detecting larg er leaks. 

2.6.3 TEST EQUIPMENT 

Vac u urn-decay leak test i nstru merita tron consists of a system of conduits and va!ves that pneumatically connect a test cham¬ 
ber with the test system pressure sensors and an external vacuum source. The instrument includes appropriate timers, elec- 
tronie Controls, and monitors, An external gas flow meter allows for periodic system performance verification, The test cham¬ 
ber is uniquely designed to closely contain the test package and may be fitted with tooling to limit movement or expanston of 
moveable or flexible package components, as appropriate. 

2.6.4 TEST PARAMETERS 

The foilowing are test parameters for vacuum decay: 

* Pressures 

— Test chamber pressure after evacuation: the initia pressure reached during test chamber evacuation is a function of 
test system volume, time aliotted for evacuation, and vacuum pump capacity. The absolute pressure of the test sys¬ 
tem must be lower than the headspace pressure of the test package for detection of gas headspace leaks, and/or 
lower than the volatilization pressure of the liquid~product formufation for leaks located below the liguid-product fili 
level. 

— Pressure rise basefine: the baseltne pressure rise (i.e,, noise level) is the pressure inerease that occurs for packages 
without leaks. Baseltne pressure rise is a function of test package and system outgassing, test system volume, and the 
time allowed for pressure rise. 
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— Pressure rise due to test package leakage: the extent of pressure rise above baseline is a function of leak size, test 
chamber vacuum fevel at test start, available headspace volume or volatile tiquid in the test sample, and the time 
allotted for pressure rise. 

• Times 

— Time allotted for system evacuation: enough time should be atlowed for establishing the desired vacuum pressure 
level of the test chamber, plus draw off gases sorbed onto package surfaces or entrapped between components. Ex- 
cessive time will evacuate headspace from largely leaking packages, risking that there will be insuffident headspace 
gas for leak detection. Times should not be so great that leaking package headspace gases are exhausted or the liq- 
uid product floods and contaminates the test system. 

— Time allotted after evacuation for pressure rise (vacuum decay): enough time should be allotted so that the pressure 
rise from the smallest leaks to be detected exceeds baseline. A time lag may be incorporated after evacuat!on and 
before vacuum decay monitoring to allow for gas eguilibrium within the Container and test system. 

3. PROBABILISTIC LEAK TEST TECHNOLOGIES 

3,1 Bubbie Emission 

3.1.1 DESCRIPTIGN 

The bubbie emission leak test is a destructive, qualitative measurement approach for detecting and locating leaks in nonpo- 
rous, rigid orflexibie packages containing headspace gas. 

The test is performed in one of two ways. The first is an internal pressurization method referenced in ASTM F2096 (75) in 
which a positive pressure arr source with pressure monitor Is inserted into the test sample, The test sample is then submerged 
in water, and air pressure is applted to a predetermined level, for a predetermined time period. The second approach is refer¬ 
enced in ASTM D3078 ( 16 ), The intact test sample is submerged in water or other suitable submersion fluid contained in a 
vacuum chamber, Vacuum is established to a predetermined level, for a predetermined time period. 

With both approaches, leakage can be observed as a continuous stream of bubbles emitted from the leak site, Bubbie diarm 
eter and emission ratę may provide some indication of relative leak size. An alternative to test sample submersion is coating the 
test sample with surfaetant, in which case any leakage is seen as foaming or bubbling at the leak site. The surface tension of 
the submersion fluid or surfaetant allows for smaller bubbie formation, potentially improving test sensitivlty. Use of submersion 
fluid with Iow gas soJubility may also improve test sensitivity* 

The bubbie emission test is categortzed as a probabilistic leak test method. Although this method relies on the predictable 
flow of gas through leak paths, escaping gas can become entrapped within or between package components; false-leak out- 
gassing events may occur; gas emitted from smali leaks may solubilize in the immersion fluid before bubbie formation; and 
test sample set up may be inadeguate to ensure suffident differentiai pressure conditions and appropriate bubbie vistbility, The 
use of negative and positive Controls along with test samples provides evidence of test method limit of detection. 

Tl .2 APPLICATION 

Nonporaus, rigid or flexible packages with gas headspace may be tested by bubbie leak methods: 

• Packages must be able to to I era te wetting or submersion 

• Flexible packages or packages with nonfixed components generally reguire tooling to restrict package expansion or 
movement, respectively, when exposed to vacuum conditions. Tooling minimizes the seal stress of fheflexible package 
and maintains consistent package volume and differentiai pressure conditions across the leak path. However, tooling may 
błock leak paths or hinder bubbie emission visibility 

• Only feak sites that are present in the gas headspace region of the package can be detected 

• This test is generatly used for testing smaller-volume packages that are less than a few liters in size 

Bubbie tests are applicable in any product life cycle phase. Bubbie tests reguire several minutes or longer for test sample 
anafysis and subsequent cleanrng and/or drytng. Bubbie tests are most commonly used in laboratory settings as part of a re- 
search investigation to verify leak presence and location. They can also be used as an off-line production leak test. Bubbie tests 
are also used for integrity testing of aerosol-package prodLcts in a research or production setting. In this application, the test 
may be considered nondestructive to the product-package test sample. 

3*13 TEST ECłUłPMENT 

Bubbie tests require a pressure or vacuum source (as appropriate) eguipped with pressure monitors and Controls; tooling to 
restrict expansion of flexible packages or movement of nonfixed components; submersion fluid or surfaetant to be applied to 
the package surface; submersion vessel eguipped for external vacuum or internal pressure test modę; and visual inspection 
aids such as lighting, magnification, and/or background, as needed. 
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3,1 A TEST PARAMETERS 


The foflowing are test parameters for bubble emission: 

* Differential pressure: greater differential pressure evokes morę rapid bubble emission, Differential pressure shoufd not be 
so great that package seals are compromised or that gas escapes through large leaks so rapidly that it may be confused 
with package surface outgasslng 

• Time allotted during differentia! pressure application: longer test tlmes aliow for smaJler ieak detection 

* Times allotted for inspection (pacing) and for inspection breaks to lessen operator fatigue 

• Package posrtioning during inspection 

® Package modę of restraint for moveab!e or flexible components 

° Submersion fluid (or surfactant) surface tension: lower surface tension lowers method sensitMty 
o Inspection environment parameters: lighting Intensity and angle, degree of magnificatron, background color 

3.2 Microbial Challenge, Immersion Exposure 


3.2.1 DESCRIPTIOM 



The immersion exposure microbial challenge is a destructive, qualitative measurement approach for confirming leaks in nom 
porous, rigid orffexible packages. 

The test is performed by first filling test samptes with sterile, growth-supporting media, followed by incubation and visual 
inspection of samples to ensure sample sterifity before microbial challenge. Samples are then immersed in a concentrated bac- 
terial suspension for a predetermined time, Samptes can be exposed during immersion to a predetermined vacuum for a pre- 
determined time, followed by release of vacuum while the packages remain immersed at ambient pressure for a predeter¬ 
mined time. Samples are then incubated under growth-prcmotlng conditions, followed by examination of package contents 
for evidence of microbial growth by vtsuaf Inspection or other appropriate analytical means, Alternatlve approaches can im 
dudę exposure of immersed test samples to poslt!ve pressure conditions, or to multiple cycles of vacuum and/or pressure con- 
ditions. Test sample leakage is evidenced by visible growth of the challenge microorganism(s) inside test samples, Immersion 
microbial challenge tests rely on the presence of a liguid carrier in the leak path that sweeps micraorganrsms into the package 
or provides a means whereby microorganisms can actively migrate and/or grow into the test sample. The use of negative and 
positive Controls along with test samples provides evidenceof test method limit of detection. 

The microbial challenge by immersion test Is categorized as a probabllistic leak test because of the multiple events that must 
occur seguentially and/or slmuJtaneousIy for leak detection to take place. Ali such events are difficult to predict or contro!, es- 
pecially for detection of smaller leaks. For example, the microorganisms must be physlcally present at the leak site, The neces- 
sary presence of liquid in the leak path, and/or flowlng through the leak path, is influenced by the package materials of eon- 
struction, leak path tortuosity and topography, media surface tension, and leak path blockage by product, extraneous debris, 
or air locks. Microorganisms must not be hlndered from enterlng the package by getting trapped in a tortuous leak path, and 
enough microorganisms must enter the package to allow for suffldent growth that can be detected visual!y after test sample 
incubation. 


3.2.2 APPLICATION 

Microbial challenge tests by immersion are most useful wlien an appropriate and validated physicochemical leak test meth¬ 
od does not exist, or when the test outtome demands direct evfdence of the prevention of microbial entry. 

Nonporous packages of rigid orflexible components may be tested by immersion microbial challenge methods: 

^ Packages must be able to tolerate submersion. 

& Flexible packages or packages with nonfixed components may require tooling to restrict package expansion or move- 
ment, respectively. Tooling minimizes stress on flexible package seals and maintains consistent differential pressure condi- 
tions across the package seal. 

Immersion microbial challenge tests are performed in a faboratory erwironment, not as an on-line test of the finlshed prod- 
uct. 

A test requires several days to prepare; the test samples are pre-ineubated before microbial challenge to ensure initial pack¬ 
age content stenlity. The challenge itself, plus post-challenge sample decontamination, may take several hours. Finał incuba¬ 
tion followed by sample inspection may take 1-2 weeks, The immersion microbial challenge test is primarily used In product- 
package development and validation studies. 


3,2.3 TEST EGUIPMENT 

The test chamber for conductlng the immersion microbial challenge test is deslgned and equipped to maintain suspension 
uniformity and appropriate temperaturę while exerting The required differential pressure condition. Fixtures for restraining 
and/or positionlng packages during Immersion are also reguired. Smali, motlle microorganisms are preferred for the challenge; 
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examples indude Brevundimonos diminuta and Serratia morcescens. The immersion challenge media should support challenge 
microorganism growth to the desired concentration. Soybean-casein digest medium is one commonly used medium. 

The media filled into test samples may match the immersion challenge media formulation. Alternatively, product that has 
been shown to support microbial growth may be used. Media should allow sufficient growth of the particular challenge organ- 
ism so that package contamination can be detected in the positćve Controls. Venfication of growth promotion in the immer¬ 
sion media and the test sample media should be performed each time the immersion challenge test is conducted (see Sterility 
Tests (71), Growth Promotion Test ofAerohes , Anaerobes, and Fungi ). Use of an incubation chamber is requlred for test samples, 
both before and after exposure. A means for determining microbial growth inside test packages is required. 

3.2.4 TEST PARAMETERS 

The following are test parameters for microbial challenge, immersion exposure: 

* Microorganism concentration: in the immersion chafienge media, microorganism concentration should meet appropriate 
predetermined levels throughout the challenge test (a minimum concentration of 10 5 CFU/mL is commonly used). 

* Media fili volume: the fili volume of media In test samples should be sufficient to ensure a fiquid path at each potential 
leak site. Exposure of package seais and leak sites to the media may also be accomplished by test sample positioning dur- 
Ing the immersion challenge, ft is also necessary to have sufficient volume and correct composition of the package head- 
space to eneourage growth of the selected challenge microorganism. Notę that when the composition of the package 
headspace does not include oxygen, other test conditions (e.g„ anaerobic) may be applicable. 

* Vacuum/pressure conditions: exposing immersed test samples to differential pressure conditions is an important method 
parameter that serves multiple purposes: 

— Differential pressure helps eliminate trapped air and ensures the presence of liguid media between package compo- 
nents and at leak sites. 

— Differential pressure simulates the pressure changes incurred during air or land freight transport of the product. Ab- 
solute pressure conditions that correspond to various altitudes anticipated during land and/or air freight transport are 
provided in ASTM D6653/D6653M (17). Differential pressure conditions of the test may be modified on the basis of 
knowledge of the product-package shipping environment. 

— Differential pressure exposure can simulate conditions expenenced by the product during some sterilization treat- 
ments. 

* Test times: longer exposure times improve the likelihood of microbial ingress into defective test samples and positive Con¬ 
trols. However, a possible decrease in the ability of media to support growth over time must be considered. 

— Time allotted for immersion exposure during differential pressure exposure (vaouum and/or pressure) 

— Time allotted for immersion exposure at ambient pressure conditions 

* Temperaturę during challenge: temperatures sufficient to support microbial growth are recommended. Temperaturę cy* 
cling can also be used as a tactic to eliminate airlocks and promote the presence of liquid media at package seal sites. 

* Pre- and post-chaltenge test incubation temperaturę and times: the temperaturę selected should allow sufficient microbial 
growth. Incubation times should be sufficient to ensure visualization of growth; these times are determmed on the basis 
of positive Controls and samples from growth-promotion studies. 

■ Parameters for detecting post-incubation microbial growth (e.g., lightrng and background color for visual inspection, han- 
dling procedurę, and padng). 


33 Tracer Gas Detection, Sniffer Modę 

33.1 DESCRIPTiON 

The following information is spedfic to the tracer gas detection performed in the sniffer modę, (For additional Information, 
see Tracer Gas Detection, Yacuum Modę.) 

Tracer gas detection using a sniffer attachment Is used to detect leak presence and location in nonporous, rigid or flexible 
packages. This is a nondestructive leak test, unless tracer gas introduction into the test sample reguires package wali compro- 
mise {e.g., piercing) or if tracer gas presence is detrimental to package contents. The sniffer modę test using helium as the 
tracer gas is described in ASTM F2391, Procedurę A (13). Briefly, test samples are flooded completeiy or partially with the trac¬ 
er gas via one of several options. These options may include piercing a closed test sample to introduce pressurrzed tracer gas 
(sealant is apptied to close the puncture site); flooding the test sample before package closure; or "soaking" a closed test sam¬ 
ple by pressurizing with tracer gas (most applicable to larger leak detection). Test samples are checked for leakage by scanning 
the outer package surfaces using a vacuum wand that is pneumaticalfy connected to the tracer gas analytical test instrument 
(e.g,, a mass spectrometer for helium detection). Cafibraticn reference standards of tracer gas can be used for understanding 
the relationshlp between true leak rates and measured leak rates under actual test conditions, The use of negative and positive 
Controls along with the test samples provides evidence of test method limit of detection. 

The sniffer modę of tracer gas leak testing is a probabilistic leak test method, This is because the presence of concentrated 
tracer gas near the test sample surface Es not a welhdefined or predicLabie event, and the sniffer scanning procedurę is prone 
to variabillty relaled to human technique. The sniffer modę is generally chosen when the leak location is to be identified. 
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3.3.2 APPLICATION 

Rigid or flexible packages madę of nonporous components may be tested: 

■ Flexible packages or packages with nonfixed components may require tooling or manuał manipulation to force tracer gas 
through leak paths. 

a Tracer gas permeation through the package materiał must not be so great that the leakage ratę of concern Is masked. 

* A wide rangę of package sizes may be tested, ranging from smali packages to large multi-liter vessels. 

Leak paths must be elear of liguid or solid materials that could potentialfy błock tracer gas flow, The leak size detection capa- 
bllity is related to an unobstructed leak path. 

The sniffer probe must not be allowed to dra w liguid or hazardous vapors into the test system, as this would risk serious 
instrument damage. 

Tracer gas leak test methods requlre time for the introduction of tracer gas into the test package, and up to several minutes 
to scan the package. Large leaks in the smallest packages may be missed because of the rapid Joss of tracer gas. 

Methods of tracer gas leak tests in the sniffer modę are generał[y used in the iaboratory environment for locating package 
leaks. Tracer-gas sniffer modę tests are usefu] in any product Jife cycle phase, 

3.3.3 TEST EQUIPMENT 

Test equipment for tracer gas leak detection is described in Tracer Gas Detection, Vacuum Modę . However, a sniffer probe 
with an endosure and/or tooling for concentrating tracer gas passing through smali er leaks is used, rather than the test cham- 
ber or test fixtures described in Tracer Gas Detection, Vacuum Modę. 

3.3.4 TEST PARAMETERS 

The foflowing are test parameters for tracer gas detection, sniffer modę; 

* Differential pressure applied to the test sample will drive tracer gas out of the test sam ple, inereasing the method's sensi- 
tivity. For flexlble packages, differential pressure can be exerted by package compresslon, 

* Tracer gas partia! pressure within the package at the time of the test is discussed, with instructions, in the Tracer Cos De¬ 
tection, Vacuum Modę. 

* Aspects of the sniffer modę vacuum wand, such as sweeping speed and distance from the package surface, as well as the 
tooling or endosure used for concentrating leaking gas. 

3.4 Tracer Liquid 

3.4.1 DESCR1PTION 

The tracer liguid test method is a destructive approach for detecting and potentially locating leaks in nonporous, rigid or 
flexible packages. Tracer liguid tests provide an indication of leak presence and may provide a measure of relative leak size. 
Tracer llquid tests ustng liguid submerston work by the diffusive flow of the tracer element through a [iguid-filled leak path 
and/or the effusive flow of tracer solution through the leak path. 

The liguid submersion test uses one of two basie approaches. In the first approach, test sam pies are submerged in a tracer- 
element solution formulation contained in an evacuation chamber. Examples of tracer elements indude dyes, radlonuclides, or 
metallic lons. In the second approach, test samples containing tracer formulation are submerged in tracer-free liquid contained 
in an evacuation chamber. For both approaches, test samples may be fitted with tooling to ensure proper positioning and to 
restrict flextble or moveable components. The submerged test samples are subjected to vacuum at a predetermined pressure 
levef for a predetermined time. After vacuum release, test samples remain submerged for a predetermined time. Additional test 
options include the use of positfve pressure exposure or multiple cydes of differential pressure conditions to encourage effusive 
flow of the tracer element through the ieak path. 

In the first approach, after the challenge is complete, test sample outer surfaces are cleaned, and the contents are checked 
for evidence of tracer ingress (18). In the second approach, after the challenge is complete, the immersion fluid is checked for 
evidence of tracer liguid egress out of the test sample. In both cases, measurement of tracer liguid migration may be per- 
formed in a quantitative manner by using Chemical analysis techniques (preferred for smali leak detection). Alternatively, the 
presence of leakage may be determined quailtativeiy by visual inspection if the tracer element can be discerned visualiy, The 
use of negative and positive Controls along with test samples provides evidence of test method limit of detection. 

Liguid tracer tests are categorized as probabillstlc methods, Successful liguid tracer detection relies on a combination of trac¬ 
er solution wicking, tracer solution effusion, and tracer element diffusion through a liguid-filied leak path and are events that 
are difficult to predict or controi, especially for detection of smaller leaks. These events are influenced by numerous factors, 
inciuding the package materials of construction, leak path tortuosity and topography, tracer liguid surface tension, and leak 
path blockage by product, extraneous debris, and alr lącks. 
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3.4.2 APPUCATION 

Rigid or flexible packages of nonporous components may be tested using tracer liquid submersion methods: 

• Packages must be able lo tolerate wettrng or submersion, 

• FlexEbie packages or packages with nonfixed components may requEre tooling to restnet package expansion or move- 
ment, respectively. 

— Testing by submerging a test sample in tracer liquid is used when the test sample allows for vtsual examination of the 
tracer (e.g., dye) tngress, or when the tracer element is to be contained within the test sample after testing. 

— Testing by submerging tracer-filled test samplesin tracer-free liguid may be used when the sample interior cannot be 
visually examined or when the tracer element is best captured for analysis outstde the test sample. 

Tests may requrre up to 1 h or longer for test sample exposure, cleaning, and inspection or analysis. Tracer 1iquid tests are 
primanly used for laboratory testing or off-line product sample testing. Tracer liquid submersion tests can be used in any prod- 
uct life cycle phase. 

3.4.3 TEST EQUIPMENT 

A test vessel equipped for challenge condltions of vacuum and/or positive pressure i$ required and is pneumaticalJy connec* 
ted to a pressure and/or vacuum source, as appropriate, and equipped with pressure monttors and Controls (19). The tracer 
liqurd formulation should be physicochemically compatible with the test sample components and the tracerTree solution to be 
filled into the test samples or used as the immersion bath, to ensure optimal tracer solution functionafity. Formulation consid- 
erations include tracer element type and concentration; surfactant use, type, and concentration; and sofvent system. Exampfes 
of tracer liquid incompatibilities apparent upon contact with the test product include tracer dye fading, tracer element precipi* 
tation, and tracer element sorption onto package components. Tooling is often needed to restnet flexibie package expansion 
or nonfixed component movement upon differential pressure exposure. Tooling minimizes stress on flexible package seals and 
ensures consistent differential pressure conditions across the leak path, 

Tracer detection requires the use of either analytica] detection instrumentatEon [e.g., UV-Vis spectrophotometry (20), phase 
induction spectrophotometry, or other] or visual inspection ałds. Analytica! detection offers the advantage of minimizing the 
error that is inherent in visual discernment of Iow dye concentrations. Optimal visua! inspection requtres the use of controlled 
inspection conditions, such as background color, lighting, pacing, fatigue breaks, and negative Controls for comparison. 

3.4.4 TEST PARAMETERS 

The following are test parameters for tracer liquid: 

■ Differential pressure conditions used (vacuum and/or pressure): greater pressure differentiais encourages tracer Jiqurd pas- 
sage, 

• Submersion times during and after differential pressure application; longer limes allow for greater tracer liquid passage 
through leak paths. 

• Holding time between tracer liqufd challenge and finał inspection: some tracer Irguids yisibly fade or are sorbed onto 
package surfaces over time. 

• Tracer liquid surface tension: lower surface tension allows for smaller leak detection. 

■ Tracer detection parameters 

— Analytical detection 

* Test sample content extraction procedurę 

* Method-specific performance parameters 

— Visual inspection 

* Inspection environment parameters: lighting intensity and wavelength, background color, yiewing angle, and 
test sample visibilily 

* Time allowed for inspection (padng) and breaks to lessen operator fatigue 

* Comparison with negative Controls 
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1, INTRODUCTION 

The purpose of this chapter is to briefly summanze test methods useful for charaoterizing and monitoring package seal quali- 
ty and to guide the reader in their selection and use. These methods are not leak tests but provide additional data regarding 
package seal characterrstics that may affect package integrity and leakage. 

"Package seal quality tests" are checks used to characterize and monitor the quality and consistency of a parameter related 
to the package seai, providing some assurance of the package f s abiiity to maintain Integrity. Seal guality tests ensure that seal 
attributes, package materials, package components, and/or the assembly process are consistently kept within established Jim- 
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its, Uilis further supporting package integrity. Seal quality tests drffer from leak tests in that they provide no Information rela- 
tive to actual package integnty; thus, a package that meets the requirements of a seal quality test may still be defeetive and 
leak. For example, a flexible pouch package that passes a seal strength test may leak through a puncture in the pouch face- A 
bottle that meets closure application and remo^al torque tests may have a scratch on the bottle finish surface that allows prod¬ 
uct leakage. In contrast, a pouch or bottle that is poorty assembled could pass leak tests at the Urnę of product manufacture, 
yet deveiop leaks later, before reaching the end user. 

Therefore, seal guality tests and leak tests work together to ensure package integrity* The package seal quality tests descri- 
bed in this chapter were selected for indusion on the basis of data in peer-reviewed scientific publicattons and/or data regard- 
ing recognized standard tests (e.g., precision and bias study results). Standard test methods (e*g., ASTM) are referenced where 
appficable (the reader is advised to ubliżę the most recent versions). In same cases, the scope of referenced standard test 
methods does not indude the package types of the scope in Package Integnty Evoiuotion—Sterite Products (1207). Ali methods 
and literaturę references are cited to provide benchmark Information useful for the application and use of pharmaceutical 
package seal guality test methods. 

Unllke package leak tests, seal quality tests are qualified for use rather than being fully validated. Gualification includes a 
demonstration of instrument performance and in some cases proof of appropriate instrument set-up specific for the package 
to be tested. 

Finally, this chapter is not intended to provide an exhaustive listing of all seal gualrty technologies that could be used* Nor is 
the use of a methodology cited meant to be compulsory. Other qualified tests that are not included in this chapter may be 
used, as appropriate. 

2. CLOSURE APPLICATION AND REMOVAL TORQUE 

The closure application torque test measures the force exerted during the application of a screw-thread cap onto a threaded 
Container* Conversely, the closure remova! torque test measures the force required to initiate screw-cap removaL The contain- 
er-closure sysfems of some ophthalmic solution products are examples of sterile product packaging closed with screw-thread 
caps. 

Cap application torgue is kept within an optimum rangę to prevent leakage from loose caps and to predude component 
distortion and compromised sealsfrom over-torqued caps. Cap removal torque is less than application torque due to stress 
relaxation and closure "back off” that may occur as a function of time and other environmental variables. A properly designed 
and applied cap will retain sufficient sealing force until the package is opened at the time of use. Caps that back off excessively 
during shipping, storage, or distribution increase the risk of product leakage. For muftiple-dose packa ges, cap design and ap¬ 
plication forces shouid be such that the end-user popuiation may be able to open and reclose the package in a manner that 
properly preserves the pharmaceutical product. 

Reproducibility of application/removal torque test results is improved when tests are performed using automatic instrumen- 
tation that applres and removes caps at uniform speeds, with fixiures to lock the bottle and cap into proper test position. Ap¬ 
plication and removal torque tests are described in several standard test methods that have been written to support yarious 
continuous-thread and child-reslstant cap designs, includirg the ASTM methods referenced (1-7). 

3* PACKAGE BURST 

The package burst test is performed by inserting a pressure source into a test package and applying pressure until the pack¬ 
age seal(s) burst open. Packages having seals that could be compromised when exposed to a net posit»ve pressure force inside 
the package may be tested by this method. Such package types include flexible bags and pouches formed by heat-sealing 
processes. 

The package burst strength test result (reported in pressure units) provides an indication of relative sea! strength and eva!u- 
ates the most likely location and modę of package failure when the package is exposed to a pressure differential. However, 
notę that this test method cannot provide a measure of package sea! uniformity or overall package integrity. 

Package burst tests are described in ASTM F2G54 (3) anc ASTM FI 140 (9) (Test method A). Method ASTM F2054 uses a 
restraining piąte to limit package expansion during inflation* A restraining piąte ensures that the stres5 is unlfomnly applied to 
alt seal areas, allowing for Identification of the weakest point along the seal; AddEtional factors can influence the test results, 
including package inflation ratę, tooling dimensions (induding gap height), and pressure-sensing mechanisms. 

Method ASTM FI 140 uses no restraining piąte; therefore, this approach provides a snapshot of package performance when 
challenged with differential pressures in a Łypical steriłization cycle or distribution em/ironment, for example. However, without 
restraining plates, stress applied to the package is highest at the middle of the package where the package inffates to the 
greatest diameter; therefore, the weakest area of the seat rray not be identified by this approach. Package inflation ratę, as well 
as pressure-sensing mechanisms and iheir detection limits, can influence test results. 
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4- PACKAGE SEAL STRENGTH 

The package seal strength test, commonty known as the peel test, measures the force required to peel apart two bonded 
surfaces. This test is applicable for testing seals between two bonded, flexib!e surfaces (e.g v a po uch or bag) or between a 
flexible materia! and a rigid materia! (e,g., a lidded tray), Force results provide a measure of seal strength between the bonded 
surfaces. Maximum sea! force, as welf as average force fo o pen the seal, may be determined with this method. The results are 
also useful for monitoring the consistency of package assembly. 

The test is performed using a universal stress-strain instrument set to extension force modę, with special tooling for correctly 
positioning and holding the test sample. The seal strength test is described in ASTM F88 ( 1 Q) r Test results are affected by the 
peel test fixture design, the peel angle, the puli direction, puli speed, and properties of the test sample itselh 

5. RESIDUAL SEAL FORCE 

The residual seal force (RSF) test provEdes an indirect measure of the compressive force exerted by an elastomeric closure 
onto a parenteral vial finish after package assembly (capping). RSF tests can be performed on glass or plastic vial packages of 
all dimenslons. A consistent and sufficiently significant RSF value provides a useful indicator of capplng process consistency. 

RSF is lineariy related to closure compression: morę tightly capped vials yiefd higher RSF values, 

The RSF test is performed using a universat stress-strain instrument, set to compression force modę, and a metal too! (called 
a cap anvil) designed to fit on top of the sealed vial package. A constant ratę of compressive strain is exerted onto the anvii, 
which rests on top of the vial package, yielding a typical plot of stress as a function of time (or compressive distance), The 
point in the stress-response curve rmmedtately before the terminal sfope change corresponds to the capped dosure's RSF, re- 
ported tn eilher newtons or pound-force units. RSF tests are nondestructive in terms of package integrity, Test results are influ- 
encecl by cap anv!1 tooling design, test compression ratę, closure viscoelastic properties, closure dimensśons, and the indusion 
of an aluminum seal plastic top (morę reproducible results are possible if plastic tops are removed before testing), Research 
artides deseribing the deve!opment and applicatlon of this method are referenced (11-14). 

6 . AIRBORNE ULTRASOUND 

The airborne ultrasound test checks seal quality by passhg an ultrasound signal through the sealed area of a package or 
item. The signal strength transmitted through the package sea! under test is compared to that previously established for so- 
called good package seals. Poorly sealed areas will not transmit as much uftrasonic energy as properfy sealed areas. 

The types of package seals that can be tested using airborne ultrasound include flexib!e pouth seals and rigid tray seals 
madę of metalik or plastic laminates, This technology can be used to check for the presence and location of package seal de- 
fects such as an rncomplete seal, a channel, a wrinkle, or extraneous materiał indusion, as wel! as for package seal bond weak- 
ness. The method may be used off-line to perform an x-y coordinate scan of a seal area, or it may be used to lineariy scan seals 
during on-line manufaeturing processes. Airborne ultrasound is a noncontact testing technology that requlres no package 
preparation and no eoupling media, such as a liguid or gel, to propagate sound; thus, it Is nondestructke to the package un¬ 
der test. 

The airborne ultrasound method is described in ASTM F3004 (IS). The ASTM method test system is composed of a trans* 
ducer that provides an ultrasonic signal, a means of holding/transporting the i tern under test within an air gap between the 
two transducers, and the detection transducer, which captures the intensity of the signal that passed through the air gap and 
the Etem under test. The capability of airborne ultrasound to detect spedfic package seal quality próbiems will vary on the basls 
of package materiał of oonstruction, seal structure (e.g., smooth versus textured surface), scanning speed, and scanning signal 
strength. 
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(1208) STERILITY TESTING—VALIDATION OF ISOLATOR SYSTEMS 


This chapter provides guldellnes for the validation of isolator systems for use in sterility testing of compendial artides. 

[Notę-—I n the context of this chapter, "decontaminated" refers to an item or surface that has been subjected to a process that 
eliminates viable bioburden.] 

Isolators—devlces that create controlled environments in which to conduct Pharmacopeial sterility tests^have been used 
sińce the mid-198Gs. An isolator is suppfied with air through a HEPA or better air filier and is abEe to be reprodudbly decon- 
taminated. Closed isolators, which are systems with no direct opening to the externai environment, are normally used for sten- 
lity testing, although open isolators which allow the egress of materials through a defined opening that precludes the enlry of 
contamination by means of air overpressure may be used, Closed isolators use only decontaminated interfaces or a rapid-trans- 
fer port for the transfer of materials, Isolators are constructed of flexible plastics (such as polyviny! chloride), rigld plastics, 
glass, or stainless Steel. 

Isolator systems protect the test article and supplies from contamination during handlmg by essentially eliminating direct 
contact between the analyst and the test articles, Ali transfers of materiał into and out of the isolator are accompiished in an 
aseptic fashion while maintaining complete environmental separation. Aseptic manipulations within the isolator are madę with 
half-suits, which are flexible components of the isolator wail that allow the operator a fufl rangę of motion within the isolator, 
or by gloves and sleeves. Operators are not required fo wear spadał clean-room clothing for conducting sterility tests within 
isolators; standard laboratory clothing is adequate, although a pair of stenie g!oves is frequently worn under the isolator gloves 
as an added precaution against contamination entering the isoiator enclosure and for hygiene purposes, The interior of the 
isolator is treated with sponcidat Chemicals that result in the elimination of all viable bioburden on exposed surfaces. 

ISOLATOR DESIGN AND CONSTRUCTION 

Air Handling Systems 

An isolator used for sterility testing is equipped with microbiai retentive filters (HERA filters or better are required), At rest, 
the isolator meets the particulate air-quality reguirements for an ISO Class S area as defined in ISO 14644-1 through *3* (see 
Microbiologicaf Contro! and Monitoring of Aseptic Processing Erwironments (1116». However, the isolator need not meet Class 5 
conditions during an operation that may generate particulates, and no requirements for air velodty or air exchange ratę exist. 
The isolator sliould be sealed well enough during decontamination that the dissemination of sporicidal vapors or gases into 
the surrounding environment is kept to appropriately Iow leveJs. When direct openings to the outside environment exist, con- 
stant air overpressure conditions mainlain sterile conditions within the isolator. In generał, both open and closed isolators are 
maintained at positive pressure reiative to the surrounding environment, and overpressures of 20 Pa or morę are typical. The 
usershould never exceed the maximum pressure recommended by the isolator manufacturer. Airflow within isofators used for 
sterility testing is either unidirectional or turbulent. 


In terna tional Grganization for Standardization (ISO) International Standard* 14644-1 H -2, -3, and -7 
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Transfer Ports and Doors 

Isolators may be attached to a "pass-through" decontaminator or transfer isolator to enable the dtrect transfer of sterile me¬ 
dia, stenie dilution fluids, and sterile supplies from the decontaminator into the isolator system. Rapid transfer ports {RTPs) ena- 
ble two isolators, i.e., the work station and transfer isolator, to be connected to one another, so that supplies can be moved 
asepticafly from one isolator to another, Aseptic connections between two isolators or an isolator and an RTP-equipped Con¬ 
tainer can be madę tn unclassified environments using RTPs. The nonsterile surfaces of the RTP are connected using locklng 
rings or ffanges. A compressed gasket assembly provides an airtight Seal, thereby preventing the ingress of microorganisms, 

When the two RTF flanges are tinked to form an airtight passage, a narrow band of gasket remains that could harbor micro- 
bial contamination, This exposed gasket should be routinely dlsinfected immediately after the connection is madę, and before 
materials are transferred through the RTP. Good aseptic technique is used when transferring materials and care ts taken not to 
touch the gasket with the materials being transferred or with the gloved hands. 

Preventive maintenance and lubrication of the gasket assemblies on the flanges is performed according to the RTP manufac- 
tureds recommendations* The RTP gaskets are changed at the recommended freąuency and periodically checked for damage, 
because cut or torn gaskets cannot make a truły airtight seat 

Selection of a Location for the Isolator 

Isolators for sterility testing need not be Installed in a classified clean room, but it is important to place the isolator in an area 
that provides Fimfted access to nonessential Staff. The appropriate location provides adeguate space around the isolator for 
moving transfer isolators, stagrng of materials, and generał maintenance. No environmenta! monitoring of the surrounding 
room is required. 

Temperaturę and humidity control in the room is important to operator safety and comfort and is critical for the effective 
utilrzation of certaln decontamination technoiogies. Uniform temperaturo conditions m the room are destrabie when tempera* 
ture-sensitive decontamination methods are empfoyed. Care should be taken in locating the isolator so that cold spots are 
avoided that might result In excessive condensation when condensing vapors are used for decontamination. 

Change to read: 

VAL3BATION OF THE ISOLATOR SYSTEM 

The isolator system must be validated before its use In sterility testing as part of a batch release procedurę. To verify that the 
isolator system and all assoclated equipment are suftable for sterility fests, validation studies are performed rn three phases: 
installation qualification (IQ), operational gualification (OQ), and performance qualification (PQ). The folfowing sections eon- 
tain polnts to consider in the validation of isolator systems for sterility testing. The assignment of test functions to a particular 
phase of the vaJidation program (Le., !Q, OQ, and PQ) is not critical, as long as proper function of the isolator is demonstrated 
and documented before its use En compendial Assays, 

Installation Qualification (IQ) 

The IQ phase includes a detailed description of the physical aspects of the system, such as the dimensions, internal configu- 
ration, and materials of construction. The unit layout is diagrammed with interfaces and transfer systems clearly and dimen- 
sionafly indicated, Compliance with design spedfications for utility services, such as airsupply, vacuum, external exhaust, and 
temperaturę and humidity control, is verified. Other equipment used with the isolator system is also described in detail; ff any 
revis!ons to design spedfications are madę, these are Included* Equipment manuals and copies are catalogued and stored 
where they can be retrieved and reviewed. Compliance of drawlngs to design specifications is verified. Ali drawings and proc- 
ess and instrumentation diagrams are catalogued, stored, and are retrievable. 

All documentation is reviewed to verlfy that it predsely reflects the key attributes of the installed system, This establishes a 
generał benchmark for the isolator systenYs compliance with design specifications and installation requirement$. 

Potential process-control or eguipment problems that could cause system failure during operation are Edentified and docu¬ 
mented during failure-mode analysis and hazard analysis. The system ts modified, if necessary, to minimize the risk of failure, 
and critical control point methods are established. 

The results of the 1Q are summarized in an Installation Quallfication Report. The foilowing documentation is suggested. 

EQUIPMENT 

The eguipment is listed with its relevant design specifications. The IQ verifies that equipment meeting the appropriate de¬ 
sign specifications was received and that it was installed according to the manufacturer's reguirements. 
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CONSTRUCTION MATERIALS 

The construction materials of critical system components are checked for compHance with design specifications. The com- 
patibility of the intended decontamination method with the construction materials is verified* 

INSTRUMENTS 

System Instruments are listed with their cafibratron status* 

UTfLITY SPECIFICATIONS 

Ali Utilities required for operation—as defined in the operating manuals and process and instrumentation diagrams—are 
checked for availability and compliance with design specifizations* Any connection between utility syslems and the isolator sys¬ 
tem is inspected and conformance of these connections to specifications is verffted. 

FUTER CERTIFECATION 

HEPA filters and other mtcrobial retentive filters are tested and certified; coples of test results and certificates are induded in 
the IQ summary. Purchase orders are reviewed and conformance of the air filtratlon system to specifications is verified* 

COMPUTER SOFTWARE 

Ali Computer software associated with the isolator system is listed with its na me, size, and file reyision number The master 
Computer disks are checked for proper labeling and stored securely* 

Operational Quafif kation (OQ) 

The OQ phase verifies that the isolator system operates in conformance to functional specifications* 

OPERATIONAL PERFORMANCE CHECK 

This test veriftes that all alert and alarm functions comply with their functional specifications* The systenYs ability to comply 
with all set points and adjustable parameters is verified* 

ISOLATOR INTEGRITY CHECK 

The Integrity of the isolator is maintained duhng all normal operating conditions* A leak test is performed to verify the com- 
pliance with the manufacturer's functional specifications and to ensure safety prior to charging the isolator with a decontami- 
nating sporicidal Chemical. To safeguard against adventitious contamination, isolators are operated at a suitable positive pres- 
sure during normal operation* Validation studres must show that the air pressure set point can be maintained and controJled 
during operation* 

DECONTAMINATION CYCLE VERIFICATION 

A decontamination cycle that is the function of the decontamination eguipment in concert with the isolator(s) is verified. 

Different decontamination methods can be used to eliminate bioburden from isolator systems and supplies* Among the 
Chemicals that have been used to treat isolators are peracetic acid, chłonne diojdde, ozone, and hydrogen peroxide; each has 
different requirements for exposure conditions and process zontrol* It ts critical to comply with the manufacturer's operational 
requirements for the selected decontamination method and to describe them in the functional specifications* The temperaturę 
inside the isolator is also important, particularly for hydrogen peroxEde vapor decontamination, where it is critical to maintain 
the concentration relative to the condensation point* Some stenlization Chemicals, such as chlorine dk>xide and ozoną require 
the addrtion of moisture to the isolator prior to decontamination. When elevated relatEve humidity is required, the ability to 
control it must be verified during OQ. 

It is also important to verify the concentration and distribution of the decontaminating Chemical. When applied in gaseous 
or vapor form, the distribution may be evaluated using chenical indicators, spectroscopic methods, or electronic sensors, 

Gas and vapor decontamination methods may reguire fans in the isolator to distribute the Chemical evenly* The location and 
orientation of these fans are adjusted to ensure optimum air distribution* If the isolator utilizes a recirculatmg unidirectional 
alrfiow system, distribution fans may not be reguired, but this should be evalualed on a case-by-case basis. Because sheMng 
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units, equipment, gloye-and-sleeye assemblies, and half-suits have an impact on distribution patterns, distribution thecks are 
done with the isolator fully Joaded with eguipment and supplies, and the setup of these units is defined and documented. 

Many installatlons use smali er transfer isolators as porta ble surface decontamination units. In these transfer isolators, test arti- 
cles and supplies are treated chemically to elimlnate bioburden before transfer through an RTP into the testing isolator. Its 
loading configuration is defined, and configuration drawings are reviewed and verified during the OQ. [NOTĘ—The decon- 
tamlnating Chemicals used in isolators work on the surfaces of materials; therefore, any surface that is occluded will not be 
treated and could contain viable bioburden, Spedał precautions should be in place for treating surfaces known to be occluded 
with a sporicide if such surfaces may be revea!ecl during the conduct of sterility tests.] 

Decontamination agents need to be removed from the isolator after the exposure period, which is accomplished by a cur- 
rent of fresh air provlded either by the decontamination eguipment or by utllizing the isolator air handling system. Aeration is 
accomplished either in an open loop, in which the gas is exhausted through a vent to the almosphere, or In a closed loop, fn 
which the Chemical is removed and destroyed by the decontamination equipment. The aeration system is checked; if an opem 
Ioop configuration is used, the extemal exhaust systenYs flow and safety are checked. 

DECONTAMINATION CYCLE DEVELOPMENT 

When the OQ is completed, decontamination cycle development is performed to establish the parameters necessary for 
process control during routlne decontamination cycles. Any of the methods generaliy used in the Industry for the validation of 
decontamination processes—including bioburden-based, fractional cycle, and overkili methods—are adequate. The decon¬ 
tamination process is challenged with biological indicators (Bis). The spore population and resistance of the Bis to the decon¬ 
tamination conditions being applied are known. Wherever possible, a D va!ue estimate is done for each BI system or, alterna- 
tively, a survivor curve for the BI system is obtained (see Biological Indicators—Resistance Performance Tests (55)); it is acceptable 
to obtain the D value from the 81 vendor. 

Performance Qualifications (PQ) 

The PQ phase yerifies that the system is functioning in compliance with its operator reguirement spedficatlons. At the com- 
pfetion of the PQ phase, the efficacy of the decontamination cycle and, if appropriate, the adequacy of decontaminating 
Chemical venting are verified. Ali PQ data are adequately sjmmarized, reviewed, and archived. 

CLEANING VERlFICATlON 

In generał, cleaning is not critical for sterility testing appiications. However, residua! products are a concern in m ul ti product 
testing, particularly for aggressive antimicrobial agents, because these materials could interfere with the ability of subsequent 
tests to detect Iow tevels of contamination in the product. Concerns about contamination with the product are heightened 
when it is an inherently antimicrobial powder, because powders are morę readily disseminated. Cleaning to a level at which no 
visible contamination is present is adequate for sterility tes: isolator systems and is a suitable operator reguirementspecifica- 
tion. The cleaning method, frequency, equipment, and materials used to clean the isolator are documented. 

DECONTAMINATION VAL!DATION 

The interior surfaces of the isolator, the equipment within the isolator, and the materials brought into the isolator are treated 
to eliminate all bioburden. The decontamination methods used to treat isolators, test artldes, and sterility testing supplies are 
capable of reprodudbly ytelding greater than a three-log reduction against high!y resistant biological indicators (see * Biological 
Indicators for Sterilization (1229,5)* (CNi-May- 2 oi 7 )X verified by the fraction negative or total kill analysis methods. Total kill 
anafysis studies are suitable for Bis with a population of IG 1 spores per unit, while fraction negative studles are suitable for Bis 
with a population of IG 5 or greater, A suffident number of Bis are used to prove statistical reproducibllity and adequate distri¬ 
bution of the decontaminating agent Particular attention is given to areas that pose problems relative to the concentration of 
the agent. A farger number of Bis may be required in isolators that are heavily loaded with eguipment and materials. The abili¬ 
ty of the process to reprodudbly deliver a greater than three-log kill is confirmed in three consecutive validation studies. 

The operator establishes a frequency for re-decontamination of the isolator. The freguency may be as short as a few days or 
as long as severai weeks, depending on the sterility maintenance effort (see Maintenance of Asepsis within the Isolator Environ- 
menf). 


PACKAGE iNTEGRITY ¥ERIFICATION 

Some materials are adversely affected by decontaminating agents, which can result En inhibition of microbial growth. Of 
concern are the penetration of decontaminating agents inlo product containers; accessory supplies such as filter sets and tub- 
ing; or any materiał that could come in contact with product, media, or dilution fluids used in the sterility test. it is the respon- 
sibility of the operator to verify that containers, media, and supplies are unaffected by the decontamination process. Screw- 
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capped tubes, bottles, or vtal$ sealed with rubber stoppers and crimp overseals have proven very resistant to the penetration of 
commonJy used decontaminating agents. Wrapping materials in metal foil or placing them in a sealed Container wNI prevent 
contact with the decontaminating agent; however, these procedures may also result in some surfaces not being decontamina- 
ted. In some cases, the use of shorter duration decontamination cycles and reduced concentrations may be necessary to mrni- 
mize penetration of decontaminating agents into the package or Container. Cydes that provide a less than three-log kil! of 
resistant Bis may be acceptable provtded microbiological anafysis of the environment proves that the isolator(s) are free of re- 
c o ve ra ble b i o bu rden. 

In many cases, the operator will choose to treat the surfaces of product containers under test with the decontaminating 
agent in order to minimize the likdihood of btoburden emering the isolator. It is the responsibility of the operator to demon- 
strate, via validation sEudies, that exposure of product containers to the decontaminating agent does not adversely affect the 
ability of the sterility test to detect Iow leveis of contamination within these test artides. It is suggested that the ability of the 
package to resist contamination be examined using both Chemical and microbiological test procedures. Bacteriostasfs and fun- 
gistasis validation tests must be performed using actual test artides that have been exposed to all phases of the decontamina¬ 
tion prooess (see Sterility Tests (71)). Th is applies to medicinal device packages as well as płwmaceutical Container and closure 
systems. 

Vaiidation studies determine whether both sterility test media and envtronmental control media meet the reguirements for 
Gro w t/i Promotion Test ofAerobes , Anaerohes, and Fangi under Sterility Tests {7 1 >. 

MAINTENANCE OF ASEPSIS WITHIN THE ISOLATOR ENYIRONMENT 

The ability of the isolator system to maintain an aseptic environment throughout the defined operational period must be 
valldated. In addition, a microbiological monitoring program must be implemented to detect malfunctions of the isolator sys¬ 
tem or the presence of adventitious contamination within :he isolator. Microbiological monitoring usually involves a routine 
sampling program, which may include, for instance, sampling foliowing decontamination on the first day of operatton and 
sampling on the last day of the projected maintenance of asepsis period. Periodic sampling throughout the use period can be 
performed to demonstrate maintenance of asepsis within the isolator, 

The surfaces within the isolator can be monitored using either contact plates for fiat surfaces or swabs for irregufar surfaces. 
However, because media residues could tmpose a risk on isolator asepsis, these tests are generafly best done at the end of the 
test period. If performed concurrently with testing, care is used to ensure that any residual medium is removed from isolator 
surfaces, and that those surfaces are carefully cleaned and disinfected. Active airsamples and settling plates may be used, but 
they may not be sufficiently sensitive to detect the very Iow levels of contamination present within the isolator en closure. 

A potentlal route for contamination to enter the isofator is dunng the Entroduction of supplies and samples into the enclo- 
surę. Vaiidating that all materials taken into the isolator enclosure are free of microbial contamination is cntical, as is periodic 
inspection of gaskets to detect imperfections that could alIow ingress of microorganisms. Gloves and half-suit assembiies are 
another potential source of microbial contamination. Cloves are of partkular concern because they are used to handle both 
sterility testing materials and test artides. Resistance to puncture and abrasion should be considered in the selection of gloves 
and sleeves. Hypalon materials are resistant to both chemica! sporicides used in the decontamination of isolators and to punc- 
tures and are available tn several thkknesses to provide adeguate tactile feel through the gloves while maintaining their integri- 

ty. 

Very smali leaks in gloves are difficult to detect until the glove is stretched d u ring use, There are several commercially avaifa- 
ble glove leak detectors; the operator ensures that the detectors test the glove under conditions as close as possible to actual 
use conditions. Microbiological tests are used to supplement or substitute physical tests. [Notę —Standard "finger dab plates" 
may not be sensitive enough to detect Iow Jevels of contamination. Submersion of the gloves in 0.1% peptone water followed 
by filtration of the dtluent and plating on growth media can detect loss of mtegrity in the gloves that would otherwise go 
unnot tced.] 

Continuous nonviable particulate monitoring within the isolator 1 * enclosure is ideał, because it can qukkty detect frlter fali- 
ure, A second choice is periodic monitoring using a portable particie counter. Sampling for particles must be done in a manner 
that poses no risk to the maintenance of asepsis within the isolator. 

INTERPRETATION OF STERILITY TEST RESULTS 

A sterility test resulting in a false positive in a properly functioning and validated isolator is very unlikely if bioburden is eliml- 
nated from the isolator interior with a high degree of assurance; if gloves, sleeves, and ha!f-suits are free of leaks; and if the 
RTPs are functioning properly. Nevertheless, Isolators are mechanlcal devkes and good aseptic techniques are stilf regurred. A 
dedsion Lo invalidate a false positive is madę only after fulfy complying with the reguirements of Observ^c7t/on and Interpretation 
of Resutts under Sterility Tests (7 1). 
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TRAINBNC AND SAFETY 

As with sterility testing conciucted in conventional clean rooms, operators are tralned in procedures that are specific to their 
isolator. Use of proper aseptic technigues is vitaJ to the conduct of sterility tests in isolators, JusL as it is in clean rooms. There- 
fore, training in proper aseptic techniques is reguired for all sterility testing technicians. Ali training sessions and the evaluation 
of the operator'* performance are documented in the individuaf r s training record. Training of all personnel in the appropriate 
safety procedures necessary for the operation and maintenance of the isolation system is imperative. 

Personnel safety in the use of a decontaminating agent must be assessed. Materiał Safety Data Sheets, or equivalent docu- 
ments, are avaiiable in the immediate area where the decontaminating agent is being used. AJI storage and safety precautlons 
are followed. An operational readiness inspection of the safety of the isolator and all assodated equipment is performed and 
documented prlor to płacing the unit in service. 


<1211} STERILIZATION AND STERILITY ASSURANCE OF COMPENDIAL 

ARTICLES 


Change to read: 

Thls informational chapter provides a generał description of the concepts and principles involved in the qua!ity control of 
articles that must be steriJe. Any modifications of or variations in sterility test procedures from those described under Sterility 
Tests (71) should be yalidated in the context of the entire sterility assurance program and are not intended to be methods 
a!temative to those described in that chapter. 

Withln the strictest defmitlon of sterility, a specimen wculd be deemed stenie onfy when there is compiete absence of vtable 
microorganisms from it However, this absolute definition cannot currently be applied to an entire lot of finished compendial 
articles because of limitations in testing. The sterility of a lot purported to be sterile is therefore defined in probabilistic terms, 
where the likefihood of a contaminated unit or artide is acceptably remote, Such a sfate of sterility assurance can be establish- 
ed onfy through the use of validated sterilization processes or aseptic processing, if any, under appropriate current good mam 
ufacturing practice, and not by reiiance solely on sterility testing. The basie principles for va!fdation and certification of a steri- 
iizing process are enumerated as follows: 

1. Estabfish that the process eguipment has the capability of operatlng within the reguired parameters. 

2. Demonstrate that the cntical contro! equipment and instrumentation are capable of operating within the prescribed pa- 
rameters for the process equipment. 

3. Perform replicate cycles representing the requtred operational rangę of the equipment and empJoying actual or simulated 
product Demonstrate that the processes have been carried out within the prescribed protocol limits and, finally, that the 
probability of microbiaf survlval in the repiicate processes completed' is not greater than the prescribed limits. 

4. Monitor the validated process during routine operation. Periodically as needed, regualify and recertify the eguipment. 

5. Compiete the protocols, and document steps (1) through (4) above. 

The principles and impfementation of a program to validate an aseptic processing procedurę are substantlaily morę extem 
sive than the va!idation of a sterilization process. fn aseptic processing, the components of the fina! dosage form are sterilfeed 
separately and the finished artide is assembfed in an aseptic rnanner. 

Proper validation of the steriiization process or the asepdc process requlres a high levei of knowledge of the field of sterillza- 
tion and clean room technofogy. In order to comply with currently acceptable and achievab!e limits in sterilization parameters, 
it is necessary to employ appropriate instrumentation and eąuipment to eon troi the critical parameters such as temperaturę, 
time, pressure, humidity, sterillzing gas concentration, and/or absorbed radratlon. An important aspect of the validation pro¬ 
gram in many sterilization procedures involves the employment of blological indicators (see *Biobgicai Indicators for Steriliza¬ 
tion <1229.5) # (C Mi-Moy- 20 i 7 >) ł The validated and certified process shoutd be revalidated periodically; however, the revafidation 
program need not necessarily be as extensive as the original program. 

A typical yalidation program, as outfined below, is one designed for the steam autodave, but seyera.1 of these principles may 
be applicable to the other sterilization procedures discussed in this informational chapter. The program comprises several 
stages. 

The installation gualificatlon stage is intended to establish that Controls and other instrumentation are properly designed and 
calibrated. Documentation should be on file demonstrating the guality of the req u i red Utilities such as steam, water, and air. 
The operational qualifkation stage is intended to conftrm that the empty chamber functlons within the parameters of tempera¬ 
turo at key chamber focations prescribed in the protocol. It Is usualiy appropriate to develop heat profile records, i.e., simuita- 
neous temperatures in Lhe chamber employing muftiple temperature-sensing devices. A typical acceptable rangę of tempera¬ 
turę in the empty chamber is ±1° when the chamber temperaturę is not less than 121°. The confirmatory stage of the yalida¬ 
tion program is the actual steriiization of materiais or articles. This determination requires the employment of temperature- 
sensing cieyices inserted into sampies of the articles, as well as samples of the articles to whtch appropriate concentratlons of 
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suitable test microorganisms (blological indicators) have been added in operattonally fully loaded autocfave conflgurations. 
The effectiveness of moist heat penetration into the actual artides and the time of the exposure are the two main factors that 
determine the lethality of the sterilization process. The finał stage of the validation program reguires the documentation of the 
supporting data developed In executing the program. 

It is generałly accepted that terminalfy sterilized injectable artides or critical devices purporting to be stenie, when sterilized, 
attain a 10* microbial survivor probability, i.e., assurance of less than or equaf to 1 chance in 1 million that viab!e microorgan- 
isms are present 3n the sterilized article or dosageform, With heat-stable artides, the approach often is to exceed the critical 
time necessary to achieve the 10* microbial survivor probability (overkiM) of presterilization bioburden that is considerably 
greater in population (typically 10*) and resistance (typically Dl 21 is equal to or greater than 1,0 minutę) than the natura! 
presterilization bioburden. However, with an article where extensive heat exposure may have a damaging effect, it will not be 
feasible to empby an overkill approach. In this latter instance, the development of the sterilization cycle depends heavily on 
knowledge of the population and resistance microbial burden of the product, based on examinaiion, over a suitable time peri¬ 
od, of a substantial number of lots of the presteriiized product. 

The D value is the time (in minutes) reguired to reduce the microbial population by 90% or 1 log cycle (i.e., to a surwing 
fraction of 1/10), at a specific letlial condition, such as, temperaturę. Therefore, where the D vafue of a Bi preparation of, for 
example, Ceo bacillus stearothermophilus spores is 1 -5 minutes under the process condilions defined, e.g., at 121°, If it Is trea- 
ted for 12 minutes under the same conditions, it can be stated that the lethality input is 8D. The effect of applying this input 
to the product would depend on the initial microbial burden. Assuming that its resistance to sterilization is equivalent to that 
of the BI, if the microbial burden of the product in question Is 1Q Z microorganisms, a lethality input of 2D yields a microbial 
burden of 1 (10° theoretical), and a further 6D yields a calculated microbial survivor probability of 10*. (Under the same con- 
ditions, a lethality input of 12D may be used in a typical "overkiir approach.) Generałly, the survivor probability achieved for 
the article under the validated sterilization cycle is not compietely correlated with what may occur with the BI. For valid use, 
therefore, it is essential that the resistance of the BI be greater than that of the natura! microbial burden of the article sterilized, 
It is then appropriate to make a worst-case assumption and treat the microbial burden as though its heat resistance were 
equivalent to that of the BI, although it is not likely that the most resistant of a typical microbial burden isolates wili demon- 
stratę a heat resistance of the magnitude shown by this speries, frequently employed as a BI for steam sterilization. in the 
above example, a 12-minute cycle is considered adeąuate for sterilization if the product had a microbial burden of 10 z micro¬ 
organisms. However, if the indicator originally had 10* microorganisms conlent, actualfy a ICH probability of survival could be 
expected; i.e,, 1 in 100 Bis may yield positive results. This type of situation may be avoided by selection of the appropriate BI. 
Alternatively, high content Indicators may be used on the basis of a predetermined acceptable count reduction. 

The D value for the G eo bacillus stearothermophilus preparation determined or verified for these conditions should be rees- 
tablished when a specific program of va!idation is changed. Determination of $urvivaf curves (see • Biologicąl Indicators for Steri- 
lUation (1229.5) # or what has been called the fractional cycle approach, may be employed to determine the D 

value of the biologicąl Indicator preferred for the specific s:eriłization procedurę. The fractional cycle approach may also be 
used to evaluate the resistance of the microbial burden. Fractional cycles are studied either for microbial count-reduction orfor 
fraction negative achievement. These numbers may be used to determine the lethality of the process under productlon condi- 
tions. The data can be used in qualified production eąuipment to establrsh appropriate sterilization cycles. A suitable biologicąl 
Indicator such as the Ceo bacillus stearothermophilus preparation may be employed also during routine sterilization, Any micro¬ 
bial burden-based sterilization process regulres adeguate surveillance of the microbial resistance of the article to detect any 
changes, in addition to periodic surveillance of other attributes. 

METHODS OF STERILIZATION 

In this informational chapter, five methods of terminal sterilization, including removal of microorganisms by fiftration and 
guldelines for aseptic processing, are described. Modern Lechnological developments, however, have led to the use of addi- 
tional procedures. These include blow-molding (at high temperatures), forms of moist heat other than saturated steam and UV 
irradiation, as well as on-line continuous filling in aseptic processing. The choice of the appropriate process for a given dosage 
form or component requires a high !evel of knowledge of sterilization techniques and information concerning any effects of 
the process on the materiał being sterilized . 1 


1 Documeno addressing the devek>pment and validatiofi of sterttization cycles and refated toplcs Include, by the Pa rent era [ Drug Association, Inc. (PDA), Valida- 
tion of Moist Heat Sterilization Proeesses: Cyde Design, Oeyelopment, Quaiffkation and Ongoing Control (Tech ni cal Report No. 1); Process Simufaiicn for Aseptkdly Filted 
Products (Tecbnkal Report No. 22); Steritiiing FUtration of Liguids (Technical Raport No. 26); and Vo lida tion of Dry Heat Processes Used for Sterilization and Depyroge 
nadon (Technical Monograph No. 3); and by the Pharmaceutical Manufacturers Association (PMA), Votidatfan of Steritization af Large-Voturne Parenterols—Current 
Concepts (Science and Technology Publkation No. 25). Other tedinłtal publkations indude Health Induitiy Manufacturers Association (HJMA), Vafidation ofSteriti- 
zotion Systems (Report No, 78-4.1); Sterilization Cyde Development (Report No. 78-4.2); Industriol SteriHfy: Medical Device Standards and Guidelines (Document #9, 
VoI. 1); and Operator Training , , . for Ethylene Oxide Steriiizotion, for Steam Sterilization Equipmeni t for Dry Heat Sterilization Equipment f and brRadiation Sterilization 
Equipment( Report Nos, 7B-4.S through 4.8), Recommended practice guidelines published by the AssociaMon for the Advancemenl of Medical Instmmeniation 
(AAMI) indude Cuidetine for Indus tria i Ethylene Oride Sterilization of Medical Devices—Process Design , ValidatiOn t Routine Sterilization (No. OPEO-12/81) and Process 
Controt Cuidetines for the Radiotion Steriiizotion of Medical Devices (No. R5-P 10/82), Additional radia tion sterilization content can be łound in ISO 11 YSJ—SteriHza- 
tiot 7 of Health Care Products—Reąutremenls for Va!triatlon and Routine Contiol^Radiation Sterilization , These morę detailed publicatlons should be consulted for morę 
extensive treatrnent of the principles and procedures described in this chapter. 
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Steam Sterilization 

The process of thermal sterilization employing saturated steam under pressure is carried out in a chamber called an auto- 
clave, It is probably the most widely employed sterilization process, The basie principle of operation is that the air in the steri- 
lizing chamber is displaced by the saturated steam, achieved by employing vents or traps. In order to dispiace air morę effec- 
tively from the chamber and from within articles, the sterilization cyde may include air and steam evacuation stages. The de¬ 
sign or choice of a cyde for given products or components depends on a number of factors, induding the beat lability of the 
materiał, knowledge of beat penetration into the articles, and other factors described under the validation program {see 
above)* Apart from that descrlption of sterilization cyde parameters, using a temperaturę of 121°, the F 0 concept may be ap¬ 
propriate. The F (J , at a particular temperaturę other than 121°, is the time (in minutes) required to provide the lethality equiva- 
lent to that provided at 121° for a stated time. Modern autoclayes generally operate with a control system that is stgnificantly 
morę responsive than the steam reduction valve of older units that have been in service for many years. In order for these older 
units to achleve the preetsion and level of contro! of the cyde discussed in this chapter, it may be necessary to upgrade or 
modify the control equipment and instrumentation on these units* This modificatron is warranted only tf the chamber and 
steam jacket are intact for continued safe use and if deposlts that interfere with heat distribution can be removed, 

Dry-Heat Sterilization/Depyrogenation 

The process of thermal sterilization of Pharmacopeial articles by dry heat may be carried out by a batch process in an oven 
designed expressty for that purpose or in a dry-heat tunnel in which glass containers move on a contmuous basis through the 
system. A dry-heat sterillzation/depyrogenation system is supplied with heated, HEPA fiitered air, distributed uniform ly 
throughout the unit by eonvection or radiation and employing a blower system with devices forsensing, monitoring, and con¬ 
trolling all critical parameters* A typical acceptable rangę in temperatura in the empty chamber is ±15° when the unit is oper- 
ating at not less than 250°* 

In addition to the batch process described above, the continuous-tunnel system usually reguires a much higher temperatura 
than cited above for the batch process because of a much shorter dwell time* The continuous process also usually necessitates 
a rapid coolmg stage prior to the aseptic filling operation* In the qualification and validation program, in view of the short 
dwell time, parameters for umformity of the temperatura, and partteutarly the dwell time, should be established* 

Because depyrogenation is a morę rigorous challenge for dry-heat processing systems than biological indicator inactivation, 
it is generally not necessary to include Bis when validating dry-heat processes if validation of depyrogenation is demonstrated. 

A 3 log cyde reduction or greater is a suitable acceptancecriterion for depyrogenation and when successfully demonstrated 
will ensure not only adequate depyrogenation of compendtal articles but also sterilization, Depyrogenation tests are typical ly 
done using articles inoculated with reference standard endotoxin, Articles are then evaluated after exposure for residual levels 
of encfotoxin using Limulus lysate-based assays* For additionaf Information on the endotoxin assay, see Bacterial Endotoxins Test 
(85)* 

Gas Sterilization 

The choice of gas sterilization as an alternative to heat ii frequently madę when the materiał to be sterilized cannot with- 
stand the high temperatures obtained in the steam sterilization or dry-heat sterilization processes. The most commonly em¬ 
ployed method of gaseous sterilization is ethylene oxide. Among the disadvantages of ethylene oxide are its highly flammable 
naturę unless mixed with suitable inert gases, its mutagenic properties, and the possibility of toxic residues in treated materials, 
particularly those containing chloride ions. The sterilization process is generally carried out in a pressure and vacuum-rated 
chamber designed srmilarfy to a steam autodave but with the additional features (see below) unique to stenlizers employing 
this gas. Faciiities employing this sterilizing agent should be designed to provide adequate post sterilization degassing, to ena- 
ble microbiat survivor monitoring, and to minimize exposure of operators to the potentially harmful gas. 2 

Valldation of a stenlrzing process employing ethylene oxide gas is accomplished along the lines discussed earlter. However, 
the program is morę comprehensive than for the other sterilization procedures, because in addition to temperaturę, the hu- 
midity, vacuum/positive pressure, and ethylene oxide concentration also reguire appropriate parametric control. An rmportant 
determmation is to demonstrate that a(l critical process parameters in the chamber are adequate during the entire cycle. Be¬ 
cause the sterilization parameters applted to the articles to be sterilized are critical variabfes, it is frequently advisable to pre- 
condition the load to achieve the required moisture content in order to minimize the time of holding at the required tempera¬ 
turę before placement of the toad in the ethylene oxide chamber. Validation is generally conducted employing product inocu¬ 
lated with appropriate Bis such as spore preparations of Bocillus atrophoeus. For validation they may be used in fuli chamber 
loads of product, or simulated product* The monitoring of moisture and gas concentration reguires the utilization of sophisti- 


2 See Ethylene Qxlde, Encydopedlii of Industrial Chemical Analysis, 1971, 12, 31 7-340, John Wiley & Sons, 1nc. r and Use of Ethylene Oxideas o Stedlant InMedical 
Faciiities, NIOSH Special Occupational Hazard Review with Control Recommendations, Augusl 1977, U.S. Deparlment of Health and Humań Services, Public Health 
Serwlce, Centers for Dteease Control and Preventlon, National instUute for Occupatronal Safety and Health, DMsion of Cnteria Documentation and Siandards De- 
yelopment, Priori tle s and Research Analysls Branch, Rockville, MD. 
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cated instrumentation that only knowledgeable and experienced indMduals can caflbratą operate, and maintain. Bis may also 
be empioyed in monitoring routine runs. 

As rs indicated elsewhere in this chapter, the BI may be empioyed in a fractton negative modę to establish the ufti matę mi- 
crobiologicaj survtvor probabrlity in desrgning an ethylene oxide sterilization cycle using inoculated product or inoculated si- 
mulated product. 

One of the prindpal limlting factors of the ethylene oxide sterilization process is the limited abillty of the gas to diffuse to the 
innermost product areas that requlre sterilization. Package design and chamber loading patterns therefore must be deter- 
mined to allow for necessary gas penetration. The reader is referred to ISO 11135 for a complete description of process devel- 
opment, validation, and routine contro! of ethylene oxide sterilization processes. 

Sterilization by Ionizing Radiation 

The rapid proliferation of medical devices unable to withstand heat sterilization and the concerns about the safety of ethyl¬ 
ene oxide have resulted in mcreasing applications of radiation sterilization, This method may also be applicable to active phar- 
maceutical ingredients and ftnai dosage forms, The advantages of sterilization by trradiatlon indude Iow Chemical reactivity, 

Iow measurable residues, and the fact that there are fewer variables to controL In fact, radiation sterilization is unique In that 
the basis of control is essentialiy that of the absorbed radiation dose, which can be precisely measured, Dose-setting and dose- 
substantiation procedures are typically used to validate the radiation dose required to achieve a steriiity assurance ievel Jrradia- 
tion causes only a minima! temperaturę rise but can affect certam grades and types of plastics and glass, 

The two types of ionizing radiation in use are radioisotope decay (gamma radiation) and electron-beam radiation, In either 
case the radiation dose established to yield the required degree of steriiity assurance should be such that, within the rangę of 
minimum and maximum doses set, the properties of the article bemg sterilized are acceptabie, The reader is referred to ISO 
11137-1, - 2, and -3 fora complete description of process development, validatk>n, and routine control of ionizing radiation 
processes. 

Sterilization by Filtration 

The sterilization of fluids by filtration is a separatce process and differs from the other methods of sterilization that rely on 
destructive mechanisms, Filtration through microbial retentive materials is frequent!y empioyed for the sterilization of heat-la- 
bile Solutions by physical removal of the contained microorganisms, Afilter assembly generally consists of a porous matrix inte- 
grated with or damped into a housing. The effectiveness of a filter medium depends upon the porę size of the porous materi¬ 
ał, the prefiltration bioburden, and may depend upon adsorption of bacteria on or in the filter matrix or upon a sieving mech- 
anism. There is some evidence to indicate that sieving is the morę important component of the mechanism. While fiber-shed- 
ding filters are to be avoided unless no alternative filtration procedures are possible, it should be noted that in accordance with 
21CFR 211.72, the use of asbestos-containing filters is prohibrted. Where a frber-shedding filter is required, it is obiigatory that 
the process include a nonfiber-shedding filter introduced downstream or subseguent to the initlal filtration step. 

FILTER RATINC 

The porę sizes of filter membranes are rated by a nomina 1 rating that reflects the capability of the filter membranę to retain 
microorganisms of size represented by spedffed strains, not by determination of an average porę size and statement of distri- 
bution of sizes. Sterifizing filters cannot be narrowly defined because, depending upon the bioburden present in the fluid 
stream, different filters may be considered effective for sterilization, Currently a sterilizmg filter can be defined as, "a filter that, 
when appropriately validated, will remove atl microorganisms from a fluid stream, produdng a stenie effluent". The nominał 
ratings of sterifizing filters based on microbial retention properties differ when rating is done by other means, e.g., by retention 
of tatex spheres of various diameters. It is the useris responsibility to select a filter of correct rating for the particular purpose, 
depending on the naturę of the product (especially considering its potential bioburden) to be fiitered. It is not feasible to re- 
peat the tests of filtration capacity in the useris establishment Microbial challenge tests are preferably performed under a man- 
ufactureris conditions on each lot of manufaetured filter membranes. 

The user must determine whether filtration parameters empioyed in manufacturing will significantly influence microbial re¬ 
tention efficiency. Some of the other important concerns in the va!idation of the filtration process include product compatibili- 
ty, sorption of drug, preservative or other additives, and initial effluent endotoxin content. 

Because the effectiveness of the filtration process is afso influenced by the microbial burden of the solution to be fiitered, 
determining the mierobiological guality of Solutions prior to filtration is an important aspect of the validation of the filtration 
process, in additlon to establishing the other parameters of fhe filtration procedurę, such as pressures, flow rates, and filter unit 
characteristics. Hence, another method of deseribing filter-retaining capability is the use of the log reduction value (LRV). For 
instance, a 0,2-pm filter that can retain 10 ? microorganisms of a spedfied strain will have an LRV of not less than 7 under the 
stated conditions. 

The housings and filter assemblies that are chosen shóutd first be validated for compatibility and integrity by the user. While 
it may be possible to mix assemblies and filter membranes produced by different manufacturers, the compatlbility of these 
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hybrid assemblies should first be validated* Additionaily, there are other tests to be madę by the manufacturer of the mem¬ 
branę filter, which are not usually repeated by the user. These include microbiological challenge tests. Results of these tests on 
each lot of manufactured filter membranes should be obtained from the manufacturer by users for their records. 

Filtration for sterilization purposes is usually carried out with assemblies having membranes of nominał porę size rating of 
0*2 jjm or less. A membranę filter assembly must be tested for inrtiaf integrity prior to use, provided tliat such test does not 
impatr the safety, integrity, and validrty of the system, and should be tested after the filtration process is completed to demon- 
stratę that the filter assembly maintained its integrity throughout the entire filtration procedurę* Typicai use tests are the bub- 
ble point test, the diffuslve airflow test, the pressure hołd test, and the forward flow test* These tests should be correlated with 
microorganism retention. 


Unidirectional Aseptic Processing 

Although there is generał agreement that sterilization of the finał ftlled Container as a dosage form or finał packaged device 
is the preferred process for ensuring the mini mai risk of microbial contaminatron in a lot, there is a substantial class of products 
that are not terminalły sterilized but are prepared by a series of aseptic steps* These are designed to prevent the introduction of 
viable microorganisms into components, where sterile, or once an intermediate process has rendered the bulk product or its 
components free from viable microorganisms. The fundamenta! difference between aseptically produced sterile products and 
terminalły sterilized products is the presence of a step that can be vaJidated, whereby the finał package is subjected to condi- 
tions shown to kiJf viable contaminants* Consequently, an aseptically filled product labeied as sterile must use a system of risk 
assessments to establish that an acceptabie level of sterNity assurance has been achieved. Current technology can not provide 
an adequate safety assessment based on individual unit testing. In currently used methods of environmental monitoring, proc¬ 
ess simuiations have not been shown to correlate directly with contaminated finished products. Finished product destructive 
testing (sterility tests) can only examine a very smali percentage of a lot and are thus only capable of detecting grossly conta¬ 
minated lots. Tliis sectfon provides a review of the principles invoived in producing aseptically processed products with a mini- 
mal risk of microbial contamination in the finished lot of finał dosage forms, 

A product defined as aseptically processed is likely to consist of components that have been sterilized by one of the process- 
es described earlier in tliis chapter. For example, the bulk product, if a filterable liquid, may have been sterilized by filtration* 
The finał empty Container components would probably be sterilized by heat, dry heat being employed for glass vials and an 
autodave being employed for rubber closures. Tłie areas of critical concern are the immedtate microbial environment where 
these presterilized components are exposed during assembly to produce the finished dosage form and the aseptic fil ling oper- 
ation* 

The requirements for a properly designed, validated, and maintained filling or other aseptic Processing facility are matnly 
directed to (1) an air environment that is suitably controlled with respect to viable and nonviable particulates, of a proper de¬ 
sign to permit effective maintenance of air supply unrts, and (2) the provision of trained operating personnel who are ade- 
quately eguipped and gowned. The desired environment may be achieved through the high level of air filtration technology 
now available, which contributes to the delivery of air of the reguisite microbiological guality. 1 The fadlities include both pri- 
mary (in the vidnity of the exposed article) and secondary (where the aseptic processing is carried out) barrier systems. 

For a properly designed aseptic processing facility or aseptic filling area, consideration should be given to such features as 
nonporous and smooth surfaces, including walis and ceilings that can withstand routine decontamination; gowning rooms 
with adequate space for personnel and storage of sterile garments; adequate separation of preparatory rooms for personnel 
from finał aseptic processing rooms, with the availabrlity, if necessary, of devices such as airlocks and air showers; proper pres¬ 
sure differentials between rooms, the most positive pressure being in the aseptic processing rooms or areas; the employment 
of unidirectional airflow in the immediate vicinity of exposed product or components, and filtered air exposure thereto, with 
adequate air change frequency; appropriate humidity and temperaturę environmental Controls; and a documented sanitization 
program. Proper training of personnel In hygienlc and gowning technigues should be undertaken so that, for examplą gowns, 
gloves, and other body coverings substantially cover exposed skin surfaces, 

Certifrcation and validation of the aseptic process and facility are achieved by establishing the effictency of the filtration Sys¬ 
tems, by employing microbiological environmental monitoring procedures, and by processing of sterile culture medium as si- 
mulated product. 

Monitoring of the aseptic facility should include periodic HERA filter evaluation and testing, as well as routine particulate and 
microbiological environmentaI monitoring* Periodic media-fill or process-simulation testing should also be performed* 

STERILITY TESTING OF LOTS 

It should be recogntzed that the referee sterility test might not detect microbial contamination if present in only a smali per¬ 
centage of the finished articles in the lot because the spedfied number of units to be taken imposes a signtficant statistical 
limitation on the utility of the test results. This inherent limitation, however, has to be accepted, because current knowledge 


3 Availabfe publtehed standards for such controlled work areas include Che foliowlng: (1) ISO 14464 1-7 Geanrooms and Associated Controlled EnvironrnenU. (2) 
NASA Standard for Clean ftoom and Work Stations lor Microbtally Controlled EnvironmenC publicaiion NHB5 340.2, Aug. 1967. (1) Co nta minął ton Contro! of 
Aerospace FadliLles, U.S. Air Force, T.O. 00-25-203, 1 Dcc. 1972, change M, Gct. 1974. 
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offers no nondestructive altematives for ascertaining the microbiological guality of every f inished article in the lot, and it ts not 
a feasible option to increase the number of sperimens significantly. For information regardtng the conduct of the sterility test 
please see Sterility Tests {71)* 


<1216) TABLET FRIABILITY 


This generał information chapter has been harmonized with the corresponding texts of the Europeon Pharmocopoeia and the 
iapanese Pharmocopoeia. The harmonized texts of these three pharmacopeias are therefore interchangeable, and the methods 
of the European Pharmocopoeia and/or the japanese Pharmocopoeia may be used for demonstration of compliance instead of 
the present United States Pharmacopeia gen era i Information chapter me thod. These pharmacopeias have undertaken not to 
make any unilaterai change to this harmonized chapter* 

This chapter provides guEdelines for the friability determination of compressed, uncoated tabiets* The test procedurę presen- 
ted in this chapter is generally appilcable to most compressed tabiets, Measurement of tablet friability supplements other 
physical strength measurements, such as tablet breaking force. 

Use a drum,* with an internaI diameter between 283 and 291 mm and a depth between 36 and 40 mm, of transparent 
synthetk polymer with polished internal surfaces, and subject to minimum static build-up (see figurę for a typical apparatus). 
One side of the drum is removable, The tabiets are tumbled at each turn of the drum by a curved projection with an msfde 
radius between 75.5 and 85*5 mm that extends from the middie of the drum to the outer wali. The outer diameter of the 
central ring is between 24.5 and 25*5 mm. The drum rs attached to the horizontal axis of a device that rotates at 25 ±1 rpm* 
Thus, at each tum the tabiets roli or slide and fali onto the drum wali or onto each other* 


287.0 ± 4.0 mm 
inside diameter 



For tabiets with a unit weight equal to or less than 650 mg, take a sample of whole tabiets correspondEng as near as possible 
to 6.5 g. For tabiets with a unit weight of morę than 650 mg, take a sample of 10 whole tabiets. The tabiets should be careful- 
ly dedusted prior to testing. Acourately weigh the tablet sample, and place the tabiets in the drum. Rotate the drum 100 
times, and remove the tabiets. Remove any toose dust from the tabiets as before, and a cc u ratę ly weigh, 

Generally, the test is run once. !f obviously cracked, deaved, or broken tabiets are present in the tablet sample after tum- 
bling, the sample fails the test. If the results are difficult to interpret or if the weight loss is greater than the targeted value, the 
test should be repeated twlce and the mean of the three tests determfned. A maxirnum mean weight loss from the three sam- 
ples of not morę than 1.0% is considered acceptable for most products* 

If tablet size or shape causes irreguiar tumbltng, adjust the drum base so that the base forms an angle of about 10° with the 
horizontal and the tabiets no longer bind together when lying next to each other, which prevents them from falling freely* 
Effen/escent tabiets and chewabie tabiets may have different specifications as far as friability is toncerned. In the tase of hy- 
groscopk tabiets, an appropriate humidity-controjled environment is required for testing, 

Drums with dual scooping projections, or an apparatus with morę than one drum, for the running of muitiple samples at 
one time, are also permitted. 


* The apparatus meeting these specifications is ayalfable from laboratory supply houses such a$ VanKel Technology Group, 1 3000 Weston Parkway, Cary, NC 
2751 3, or from Erweka Instruments, tnc., 56 Quirk Road, Milford, CT 06460. 
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INTRODUCTION 

There are a vanety of presentations for tablets as delivery systems for pharmaceutical agents, such as rapidly disintegrating, 
slowly disintegrating, eroding, chewable, and lozenge. Each of these presentations piaces a certain demand on the bonding, 
structure, and integrity of the compressed matrix. Tablets must be able to withstand the rigors of handling and transportation 
experienced m the manufacturing plant, m the drug distribution system, and in the field at the hands of the end users {pa- 
dents/consumers)* Manufacturing processes such as coating, packaging, and pnnting can involve considerable stresses, which 
the tablets must be able to withstand* For these reasons, the mechanical strength of tablets is of considerable importance and 
is routinely measured. Tablet strength serves both as a criierion by which to guide product development and as a guality con¬ 
tro! spedficatron. 

One commonly employed test of the ability of tablets to withstand mechanical stresses determines their resistance to chip- 
ping and surface abrasEon by tumbling them in a rotating cylinder, The percentage welght loss after tumbling is referred to as 
the friability of the tablets. StandardEzed methods and equipment for testing friability have been provided in generał chapter 
Tablet Friability (1216). 

Another measure of the mechanical integrity of tablets s their breaking force , which is the force reguired to cause them to 
fai! (Le. # break) in a spectftc piane* The tablets are generał y placed between two platens, one of which moves to apply suffi- 
cient force to the tablet to cause fracture* For corwentional, round (circuiar cross-section) tablets, loading occurs across their 
diameter (sometimes referred to as diametral loading), and fracture occurs in that piane* 

The breaking force of tablets is commonly called hardness in the pharmaceutical literaturo; however, the use of this term ts 
misleading* In materiał science, the term hardness refers to the resistance of a surface to penetration or indentation by a smal! 
probe* The term crushtng strength is afso frequently used to describe the resistance of tablets to the application of a compres- 
sive load. Although this term descnbes the true naturę of the test morę accurately tlian does hardness it implies that tablets 
are actually crushed during the test, which often is not the case, Moreover, the term strength in this application can be ques- 
tioned, because in the physical Sciences that term is often used to describe a stress (e,g„ tensile strength)* Thus, the term 
breaking force is preferred and will be used in the present discussion, 

TABLET BREAKING FORCE DETERMINATIONS 

Early measuring devices were typically hand operated, For example, the Monsanto (or Stokes) hardness tester was based on 
compressing tablets between two jaws via a spring gauge and screw* In the Pfizer hardness tester, the vertically mounted tab¬ 
let was squeezed in a device Lhat resembled a pair of pliers. In the Strong Cobb hardness tester, the breaking load was applied 
through the action of a smali hydra u lic pump that was first opera ted manuałly but was later motorized. Problems associated 
with these devices were related to operator variabillty in rates of loading and difficulties in proper setup and calibration. Mod¬ 
ern testers employ mechanical dnves, strain gauge-based load cells for force measurements, and electronic signal processing, 
and therefore are preferred. However, several important issues must be considered when using them for the analytical deter- 
mination of breaking force; these are discussed below. 

Platens 

The platens should be parallel* Their faces should be polished smooth and precision-ground perpendicularly to the direction 
of movement Perpendicularity must be preserved during platen movement, and the mechanism should be free of any bend* 
ing or torsion displacements as the load is applied. The ccntact faces must be larger than the area of contact with the tablet* 

Ratę and Uniformity of Loading 

Either the rale of platen moyement or the ratę at which the compressive force is applied (i.e., the loading ratę) should be 
constant. Maintaining a constant loading ratę avoids the rapld buildup of compressive loads, which may iead to uncontrolied 
crushing or shear failure and greater variability in the measured breaking force* However, constant loading ratę measurements 
may be too slow for real time monitoring of tablet production. 

The ratę at which the compressive load is applied can significantly affect results, because time-dependent processes may be 
involved in tablet failure (T). How a tablet matrix responds to differences in the loading ratę depends on the mechanism of 
failure, At Iow strain rates, some materials may fail in a ductile manner, but brittle failure is morę likely at faster strain rates, The 
transition from ductile to brittle failure is accompanied by an increase in the breaking force. Devices that simply crush tablets 
may produce deceptive!y reproducible data because they Jack sensitivity. 

The test must be run consistently with eguipment which has been routinely eaJibrated, Changing from testing units of differ* 
enl designs or from different manutacturers will reguire comparison of data to ensure that the two units are subjectEng the 
dosage form to similar stress in a similar manner* Currently avaiJable eguipment provides a constant loading ratę of 20 new- 
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tons (N) or less per second ar a constant platen movement of 3,5 mm or less per second. Controlled and consistent breaking 
is an important test procedurę attribute. Ta ensure comparability of results, testing must occur under identical conditions of 
loading ratę or platen movement ratę. Since there are cerlaln advantages to each system of load application, both are found fn 
practice. Because the particular testing situation and the type of tablet matrix being eva!uated will pose different constraints, 
there is also no basis to declare an absolute preference for one system over the other, This generał chapter proposes considera- 
tion of both approaches. 

The different methods may lead to numerlcally different results for a particular tablet sarnple, requlring that the ratę of load 
application or displacement must be specified along with the determjned breaking force. 

Dependence of Breaking Force on Tablet Geometry and Mass 

Measurements of breaking force do not take into account the dimensions or shape of the tablet. Thicker tablets of the same 
materiał compressed under conditions identical to those of thinner tablets, with the same tooling shape and to the same peak 
force, will requrre greater breaking forces, Tablet orientatrcn and failure should occur in a manner consistent with those used 
during the development of the dosage form. For direct comparisons (i,e,, without any normalizations of the data), breaking 
force measurements should be performed on tablets having the same dimensions, geometry, and consistent orientation in test 
equipment. 


Tablet Orientation 

Tablet orientation in diametral compression of round tablets without any scoring is unequivocal. That is, the tablet is placed 
between the platens so that compression occurs across a diameier. However, tablets with a uniąue or complex shape may 
have no obvious orientation for breaking force determination. Because the breaking force may depend on the tablets orienta¬ 
tion in the tester, to ensure comparability of results, it is best fo settle on a standard orientation, preferabJy one that is most 
readily and easlly reproduced by opera tors. in generał, tablets are tested either across the diameter or paralfel to the longest 
axis. Scored tablets have two orientation possibilities. When they are oriented with thetr scores perpendicular to the platen 
faces, the likelihood that tensile failure will occur along the scored linę increases. This provides information about the strength 
of the matrix at the weakest point in the structure, When scored tablets are oriented with their scores parafie! to the platen 
faces, morę generał information about the strength of the matrix is derived. 

Capsule-shaped tablets or scored tablets may best be broken in a three-point flexure test (2). Afitting, which is either instal- 
led on the piatem or substituted for the platens, supports the tablet at its ends and permits the breaking load to be applied to 
the opposife face at the unsupported midpoint of the tablet, The fittings are often avai!able from the same source that supplies 
the hardness tester, 

Units, Resolution, and Calibration 

Modern breaking force testers are usually calibrated in kiloponds or newtons. The relaflonship between these units of force 
(3) is 1 kilopond (lep) = 1 kilogram-force (kgf) = 9,80 N. The test results should be expressed in standard units of force which 
fadlitate communication, Some breaking force testers also will provide a scalę in Strong Cobb units (SCU), a carryover from 
the days when Strong Cobb hardness testers were in common usage. The conversion between SCU and N or kp must be 
viewed with caution, because the SCU is derived from a hydraulic device and ts a pressure. 

Cenerally, contemporary breaking force testers use modern electronie deslgns with digital readouts. Some units also have an 
Integra! printer or may be interfaced with a printer. Breaking forces should be readable to within 1 N. 

Breaking force testers should be calibrated periodically, The force sensor as well as the mechanics of the apparatus needs to 
be considered. For the force sensor, the complete measuhng rangę (or, at a minimum, the rangę used for measuring the test 
sarnple) should be calibrated to a precision of 1 N, using either the static or dynamie method, Static calibration generalJy em- 
ploys traceable counterweights; at least three different points are checked to assess linearity. Dynamie calibration makes use of 
a traceable reference-load celi that is compressed between tne platens, The functional calibration of a breaking force test appa¬ 
ratus should also confirm that the velocity and the constancy of velodty for load application or displacement are within pre- 
stribed tolerances throughout the rangę of platen movement. 

Sarnple Size 

In order to achieve sufficient statistical precision for the determination of average breaking force, a minimum of 6 tablet 
samples should be tested. The average breaking force alone may be adequate to fulfill the purpose of process or product quafi- 
ty eon troi. In cases where breaking force may be particufarly critical, the average plus individual breaking force values should 
be accessible. 


General Chapters 




General Chapters 


1 752 (121 7) Tablet Breaking Force / General Information 


USP 40 


TENSILE STRENGTH 

The measurement of tensile strengths provides a morę fundamental measure of the mechanical strength of the compacted 
materiał and takes into account the geometry of the tablet, tf tablets fail in tension, the breaking foree can be used to caEculate 
the tensile strength. Unfortunately, this is practical only for simpEe shapes. if flat-faced round tablets (right circular cylinders) 
failin tension, as indrcated by a tlean Split into halves under diametral compression, the breaking force may be used to com- 
pute the tensile strength from the following equation (4) t which appltes only to cylindrical tablets: 

j x = 2 F/tiDH 

in which a x is the tensile strength, F is the breaking force, D is the tablet diameter, and H is the tablet thickness. Because only 
tablets that fail śn tension are counted, the data are based on tablets that fail tn a conststent way* Thus, reproducibility of data 
should be enhanced when compared to conventional breakrng-strength testing. Moreover, the data will be normalized with 
respect to tablet dimensions, because both diameter and thickness are included in the equation. The derivation of this equa- 
tion may be found in standard texts {5, 6); it is based on elastic theory and the following assumptions: 

1. The tablet is an isotropic body 

2. * Hooke f s law is obeyed 

3. The modulus of elasticity in compression and in tension is the same 

4. Ideał point loading occurs 

The derivation has been extended to convex-faced tablets (7, 8 ): 

a x = (1 OF/nD 2 ) x [(2.84H/D) - (OJ 26H/W) + (3J 5W/D) + 0.01 

where er x is the tensile strength, F is the breaking force, D is the tablet diameter, H is the tablet thickness, and W is the central 
cylinder thickness (tablet wali height). 

The slow and constant loading ratę of modem motorrzed break force testers encourages tensile failure. However, ideał point 
loading may not octur, because of cmshing and the induction of shear failure at the interface with the surface of the platens* 
The addition of padding to the platens helps prevent shear at contact points and promotes true tensile failure. On that basis, 
padding is strongly recommended when highly precise measurements are needed. Padding should be relatively thin so that 
any deviation from the assumption of true point-source force application wifl not be large. The padding should also collapse 
very easily so that its deformation does not become part of the force measured by the test apparatus* In morę routine settings 
involving measurements on a large number of samples, the addition of padding could conthbute to inaccuracies in measure- 
ment as powder from previously tested samples becomes embedded in the coilapsible matrix and thereby alters its properties. 
Unless provisions for freguent and routine replacement of the padding are madę, it can be considered acceptable to ignore 
the use of padding materiał to maintain constancy of the test conditions. 

Bending or fiexure of tablets is another option for determining the tensile strength of tablets. Under ideał loading condi- 
tions, a breaking load applied to the unsupported midpoint of one face will result in the generation of pure tensile stress in the 
opposite face* If the tablets are right circular cylinders and are subjected to three-point ffexure, the tensile strength may be 
estimated using the following eąuation (9): 

a x ^ 3FL/2H 2 D 

in which L is the distance between supports, and the other terms are as defined above. The assumptions are the same as those 
for calculating tensile strength from diametral compression. However, tensile strengths determined by f!exure and diametral 
compression may not agree, because of likely nonideal loading and the induction of shear failure during testing. 
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(1 222 ) TERMINALLY STERILIZED PHARMACEUTICAL PRODUCTS— 

PARAMETRIC RELEASE 


INTRODUCTION 

Parametric release is defined as the release of terminally sterilized batches or lots of sterile products based upon complrance 
with the defined criticai parameters of sterilization without having to perform the requirements under Stenlity Tests (71), Para* 
metric rdease is a possibility when the modę of sterilization is very well understood, the physical parameters of processing are 
well defined, predictable, and measurable, and the lethality of the cyde has been microbiological ly validated through the use 
of appropriate biologicaJ indicators or, in the case of ionizing radiation, the appropriate microbiological and dosimetric tests, 
The use of parametric release for sterilization processes reąuires prior FDA approval. it should be expected that the regulatory 
agendes eva1uating submissions including the use of parametric product release would insist upon a well supported scientific 
rationale for the sterilization process and well documented va!idation data. The agendes would need assurance that any mar- 
keted sample of product will be stenie and if tested after release would pass the requirements for slerility as found in the gen¬ 
erał chapter Slerility Tests (71). 

It is important to consider the limitations of the Stenlity Tests <71 > in the evafuation of terminally sterilized products. The 
slerility test described in generał chapter (71) is limited in its sensitivity and is statistically ill-sutted to the evaluation of termi- 
nalfy sterilized products given the exceedingly Iow probability of contaminated units. Therefore, once a sterilization process is 
fully vatidated and operates consistently, a combination of physical sterilization data such as accumulated lethality or dosimetry 
in combination with other methods, such as load monitors (e.g., biological indicators, thermochemical indicators, or physico- 
chemical integrator*), can provlde morę accurate informatlon than the stenlity test regarding the release of terminally sterilized 
product to the marketplace, 

There are four modes of sterilization that theoretically and practically could qualtfy for parametric release: moist heat, dry 
heat, ethylene oxide, and ionizing radiation sterilization. This Information chapter first will cover the generał tssues related to 
parametric release, regardless of the modes of sterilization, and then discuss sorne specific modes of sterilization. The chapter 
will not address the parametric release of terminally sterilized medical devices. 

Terminally sterilized products represent the Iowest risk category of sterile pharmaceutical products. Unlike products asepti- 
cally manufactured in a microbiologically controlled environment, terminally sterilized products are subjected to a sterilization 
process that imparfs a measurabie minimum sterility assurance level, or SAL. Because aseptic processing relies on exclusion of 
microbiological contaminatron and is not based upon lethality imparted on the product in its sealed Container, it is not possi- 
ble to estimate the SAL. It is important to notę that in the case of aseptic processing, SAL can oniy be estimated from media fili 
contamination rates or other forms of risk assessment In the case of terminal sterilization, it is possible to calcu la te a minimum 
SAL or Probability of Nonsterility {PN5) quite accurately. Therefore, the term SAL has different contextual meanings when used 
to describe aseptic rather than terminal processes, and it Is important that this dtfference is fully understood by scientists and 
engineers working in fhe field of sterile product manufacturing and control. The temns PN S and SAL are often used Inter* 
ehangeabiy. 

Terminally sterilized products must have a probability of nonsterility (PNS) of not morę than one in a mil Ilon units produced. 
This is often stated as a PNS or SAL of ICH, or the probability of product bioburden surwing the sterilization process in any 
single unit of product is less than one in one mrlfion. The proof that a terminally sterilized product complies with the ICH PNS 
can be accomplished by several different sterilization cycie development approaches. The proper application of these methods 
reguires extensive scientific knowiedge regarding the sterilization method selected for use with a specific product. 

The strategies used to validate a terminal sterilization process development fali into three categories: 

1; Bioburden-based process. 

2. Biological indicator/bioburden combined process. 

3. Qverkil! process, 

The bioburden-basedprocess reguires extensive knowiedge of product bioburden. it should be noted that severaf radiation 
dose-setting procedures involve establishing radiation processes on the basis of bioburden count and radiation resistance. This 
method requires that at least a 1G-* PNS be attained for bioburden by the sterilization process. This means that if the product 
bioburden action !evel is 10 microorganisms orone logarithm, at least seven logarithms of bioburden must be inacdvated to 
assure a 1 (H PNS. The bioburden-based method requires the user to develop suitable criticai control points within the process 
to control the bioburden titer. Products that readily permit bioburden survival require morę controlled manufacturing environ* 
ments and morę precise in-process control. This process is oetter suited for cycie development forclean or ultra-clean products 
containing a consistently Iow level of colony forming units (cfu) per product unit with a Iow frequency of spore-forming micro¬ 
organisms. Also, this process may be necessary to permit terminal sterilization of a product that may potentially lose key quali- 
ties or attributes as a result of a morę rigorous sterilization process. 

The microbioJogist may find that formal hazard analysis procedures, such as Hazard Analysis Criticai Control Point (HACCP), 
are useful in establishing appropriate manufacturing control conditions and in-process control parameters, 

The biological indicator/bioburden combined process is generally used when the manufacturer desires a sterilization process 
that demonstrates the inactivation of high numbers of biological indicator microorganisms known to be resistant to the proc- 
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ess. While the manufacturer may have preferred utilizing an overkifl process, potential loss of some product attributes may oc~ 
cur rn an overkilf process thereby necessitating the use of a biological indicator/bioburden combined process. This process re- 
qmre$ knowledge of the bioburden load on and in the product, and a database relative to the sterilization resistance of the 
bioburden, The refative resistance of the selected biolog ical indicator to that of the bioburden must be established on or in the 
product Frequently, biological indicators bearing approximately 10* spores with D 121 -value>1 minutę are used in the devel- 
opment of such processes. Fractional exposure cycles are generally conducted to determine the rdative sterilization resistance 
(or D value) between product inoculated with the biological indicator microorganism(s) and frequently encountered biobur¬ 
den, This process is frequently used for sterilization cycle development by manufacturers of terminally sterilized parenterał 
products and for ethylene oxide sterilization of medical devites. 

The overkill process is frequently used when the article being sterilized is completely inert to the sterilizing agent and steriliza¬ 
tion cycle conditions without any concern for ioss of product attributes or qua!ity. When using this process, same bioburden 
knowledge should be available to en surę that the materiał* are not adulterated before sterilization. These data may include 
product bioburden count data and knowledge concerning the prevalence of spore formers, The database for this process need 
not be as extensive as bioburden data required for the bioburden process or the biological indicator/bioburden process. Gen- 
erally, process-resistant biological indtcators containing approxtmately 10* spores are used to establish the effectiveness of the 
sterilization process. However, a spore population of N D can be chosen to confirm adequate process lethality. Overkill is gener¬ 
ally defined as a process that would deliver a minimum of F 0 T of 1 2 minutes {see Critical Operating Parameters below) and is 
demonstraled biologically based upon the spore log reduction of calibrated biological indicators. 

GENERAL RE VI EW 

Yalidation of Sterilization Process 

Parametric retease first requires that the chosen sterilization process be designed and validated to achieve a V}-* PNS, Valida- 
tion of most sterilization processes includes the validation of physical parameters of the process and of its microbiological effec- 
tiveness through the use of biological indicators. However, the use of biological indicators for establishing or periodtcally vali- 
dating gamma radiation sterilization processes is uncommon. Widefy recognized biological indicator organisms are used in the 
validation of moist heat processes because they provide a means of comparing physically measured lethality data with biologi¬ 
cal lethality. There should be a reasonable correlation between physicaliy measured lethality data (P Q ) and biological lethality as 
determined by the evaluation of the process with biological indicators. 

The predictable effectiveness of bioburden-based terminal sterilization is based on the number and resistance of microorgam 
isms on or in a product. For this reason, one component of parametric release is an active microbiology control program to 
monitor the count and sterilization resistance of product bioburden, Bioburden control and enumeration is of far less signifi- 
cance when the overkill process design is used. In many cases, overkill processes do not require extensive ongoing assessment 
of bioburden and require less in-process control of the manufacturing environment, 

Sterilization Microbiology Control Program 

The purpose of this control program is to ensure that the microbiological status of the product, prior to being terminally sterT 
lized, has not significantly deviated from the established mcrobiological control fevel used for validation of the sterilization 
process, The microbiology control program includes the monitoring of the bioburden on or in the product and the monitoring 
of the microbiological status of any necessary containers, dosures, or packaglng materials. Also induded is a program to evalu- 
ate the microbiological status of the environment where the product is processed. The control program is particularly im por- 
tant in cases where the terminal sterilization is not based on overkill, but rather on the bioburden or combined bioburden/ 
biological indicator cycle development approach. In many cases, bioburden control and manufacturing environmental monh 
toring will not be required for overkilJ process designs, where the F 0 of the process is at least 12 minutes. In other cases, even 
when overkifl processes are employed, some limited monitoring will be needed. Monitoring of overkill processes for bioburden 
is generally limited to those products that support microbial growth. Of particular concern in this case is the potential for the 
product to be contaminated with microblal Loxins or to be degraded by microorganisms. 

The frequency of monitoring will depend on the variations of bioburden from potential sources, The number of mieroorgan- 
isms, their identification, as well as their resistance to the specified sterilization modę should be considered when parametric 
release of terminally sterilized product is established, Resistance to a specified sterilization modę by different spedes can influ¬ 
ence sterilization effectiveness and the determination of sterilization process conditions when using the bioburden or com¬ 
bined bioburden/biological indicator method of cycle deveiopment In the bioburden approach to process development, indi¬ 
cator organisms morę resistant than typical bioburden may be used, although extreme differentials in resistance are not re- 
quired. Information on the performance of biological indicators may be found in Lhe generał chapter Biological indicators — 
Resistance Performance Tests (55). 


is defined as the catculated equivalent tirne (in minutes) of process ieiliafity to time at 121.7", assuming a Z value of 10.0* in the product being sterilized. 
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Change Control System 

Changes introduced to the sterilization processtng equipment could result in a significant departure of the initially validated 
parametric release process. It is, therefore, essential that a change contro! system be instituted. A change contro! system is a 
forma! system with appropriate standard operating procecgres, which would include approval of changes in the sterilization 
Processing equipment This system would assess al! the changes in relation to the eritical parameters induded in parametric 
release, The change contro! system afso includes technical and management review and criteria for acceptance or revision of 
changes, !f a change would significantly affect any critical parameter, each parameter would have to be reva!idated in terms of 
sterifity assurance of the pharmaceutical product to a minimum 1CM PNS. Appropriate regulatory notifkation would also be 
part of the revalidation process. 


Release Procedures 

A guality assurance program should be established that describes in detali the batch or lot release steps for parametric re¬ 
lease of sterilized products and the required documentation. Although the assessment of the sterility assurance of products is 
primarily based on measurement of physical process parameters, a number of areas should be reviewed, documented, and 
approved for the parametric release of these products, These areas may tnclude the following: a review of batch records; a 
review of the ongoing microbiological environmental control program results and presterilization btoburden; and a review of 
records of thermographic data, ioad monitors, and results of eritical and noncritical data that may have been used to demon- 
stratę process control. It is a!so important to ensure that the sterilizer is current relative to calibration, mamtenance, and revalh 
dation. 

The implementation and praetke of parametric release is not an intermittent program, Once such a program is implemen- 
ted, release of the sterilized product is madę in accordance with the requlrements of the regulatory approved program. Prod- 
uct release by other means is not acceptable if the predefined eritical operational parameters are not achieved. 

MODE5 OF STERILIZATION 

Moist Heat Sterilization 

Moist heat sterilization of pharmaceutical products includes several types of sterillzing environments and sterilizing media. 
Saturated stearrt, hot water spray, and submerged hot water processes are all considered as moist heat sterilizing environ- 
ments. Different processes may be used to sterilize products by moist heat, and they include batch-type sterilizers and conti nu- 
ous-type sterilizers. 


CRITICAL OPERATING PARAMETERS 

A defined list of key process parameters and their respective operating limits are defined and established in the sterilization 
process specifications. Critical operating parameters are those that are absolutely essential to ensure product sterilization to a 
ICH PNS, Examples of critical operating parameters may include, but are not limited to, dwel! time limits, minimum and maxi- 
mum limits for process peak dwel! temperaturę, average peak dwell temperaturę, and the results of the batch or lot release test 
that satisfies the requirements of CFR, Part 211 (e.g., a foad monitor results from the laboratory). F 0 may be used as a critical 
parameter only when temperaturę and time refationships are well defined. Other measured parameters may be considered 
secondary (or noncritical) parameters and may include maximum and minimum time to peak dwell, chamber pressure, and if 
applicable, chamber water level, sterilizing water time above defined temperaturę limits, and recirculating water pump pres- 
sure differential, 


Ethylene Oxide Sterilization 

The applrcation of parametric release of pharmaceutical products sterilized by ethylene oxide is morę difficult tban paramet¬ 
ric release of products sterilized by moist heat processes. Critical parameters for ethy!ene oxide (ETO) sterilization are interrela- 
ted and morę complex than moist heat processes. 

CRITICAL OPERATING PARAMETERS 

Critical parameters may include the following: temperaturę, amount of relative humidity present, ethylene oxide concentra- 
tion, overail exposure time, product and load density, and gas permeabiMty factors. 

Parametric release of pharmaceutical products can be achieved if an automated measurement system for the critical parame¬ 
ters is employed and sterilization loads are closely defined and va!idated relative to product types, densities, packaging materb 
ais, and overall load configurations, An example of the measurement of critical factors that may be considered for parametric 
release would be the use of calibrated ETO pressure recordings to provide an estimate of ETO concentration during the proc- 
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ess hołd time orthe use of direct measurement of ETO ccncentratron by IR or gas chromatography* Beeause of variances that 
rnight occur m the key parameters during sterilization, parametric release is not widely used for products sterilized by ETO* 
However, to ensure parametric release, in addition to the attainment of process parameters of the ethyiene oxide steriliza¬ 
tion, hiological indicators (and their sterility testing after sterilization processing) or the use of physicochemical integrators for 
the ethyiene oxide sterilization are often used as load monitors (critical parameters). 

Radiation Sterilization 

Two radiation sterilizing processes have been used: ganma and electron beam sterilization (i.e., ionizing radiation). Some 
pharmaceutical products, either in bulk or in their fmished formats, have been sterilized by radiation* in discusstng the critical 
parameters of radiation sterilization necessary for parametric release, it is customary to refer to parametric release as dosimefric 
release * Dosimetric release rs provided by the use of a Chemical dosimeter that measures the delivery of a minimum specified 
radiation dosage, which has been shown to provide sterilization of the product to a minimum HH PNS* 

The use of a dosimeter in ionizing radiation sterilization measures deiivery of a minimum absorbed radiation dose to a pre- 
established Iow dose zonę in the irradiated product carrier. This will require mapping of the profile of absorbed ionizing radia¬ 
tion across the density ranges processed in the product carrier, The lowest specified radiation dosage for the process is correla- 
ted to predictable bioburden reduction levels by any one of the three documented methods* 2 An altemative method may be 
considered whereby extensive product bioburden count and radiation resistance data are availabie* Dose verification studies 
woutd be conducted to ensure that the worst case bioburden load, relative to resistance and numbers, can be inactivated at 
the lowest dose zonę in the carrier system to provide at least a 10-* PNS. This method would of course require an ongoing 
program of bioburden assessmenh The target for the radiation cycle is a minimum ICH PNS relative to the product bioburden* 
Dosimetric release of a radiation-sterilized product depends on the delivery of at least a minimum dosage; thus, the critical 
operationa) parameters that govern the dellvery of that dosage must be within specified limits. These operational critical pa¬ 
rameters may include the folio wing: a stacking configuration within the radiation carrier, bulk density of the product, speed of 
the conveyor or carrier system, distance to the radiation source, duration of product exposure, and appropriate deftned adjust- 
ments for a decaying radiation source. Demonstration of consistency in the absorbed radiation dosage at areas of minimum 
and maximum zones of radiation absorption within the fully loaded carriers on a batch-to-batch basis is a necessary condition 
for dosimetric release of radiation-sterilized pharmaceutical products. 

SUMMARY 

The conversion to parametric release in lieu of product sterility testing as described in generał chapter Sterility Tests (71) 
reguires prior PDA approval. Parametric release is advantageous for terminally sterilized products. The extensiveness of data 
reguired to establish parametric release, compared to the generał chapter (71) procedures, whtch lack sensitivity to very Iow 
levels of microbiai contamination, can result in a morę accurate and reliable assessment of the probabilrty of non sten li ty of 
product lots* 


(1223) VALIDATION OF ALTERNATIVE MICROBIOLOCICAL METHODS 

INTRODUCTION 

This chapter provides guidance on the selection, evaluation, and use of microbiotogical methods as alternatives to compen- 
dial methods. To properly implement alternative methods, one must consider a number of important issues before selecting 
the analytical technology and gualifying that method with the actual product* These issues include, but are not limited to, 
Identification of suitabJe allernative methodology, development of user specifications for equipment selection, demonstration 
of the applicability of the method as a replacement for a standard compendial method, and qualification of the method in the 
laboratory. 

This chapter outltnes: 

• User requirements 

— Instrument qualification 
— Vatidation of alternate technologie* 

— Method suita bil i ty 

■ The limitations of the use of CFU as a standard signa for microbiologica! methods. 

• Four novei options for demonstrating equivalence 

— Acceptable procedures 


2 ANSl/AAMl/iSO 1 11 37 1996, Sterilization of Health Care Products—ReąuiremenU for Yoiidation and Routfne Controt—Radiation SterfHzolbn, July 11,1994. 
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— Performance equivalence 
— Resuits equivalence 
— Decision equ»valence 

• Application of the concept of non-inferiority to method validation 

* Guldance on statistieaf methods that may be employed in method validation 
A glossary of the terms used in the chapter is provfded at the end of Lhis chapter. 

Microbioiogical methods, other than microbial identification and strain typing methods (drscussed in Microbial Choracteriza- 
tion f Identification, and Strain Typing { 1113», described in the compendia fali into two generał categories: 

1. Qualitative methods (not enumerative) that are used to assess the generał microbial ąuality of compendiał articles. This 
category inctudes assays that are intended to demonstrate the presence or absence of microorganisms in a compendiał 
artide. 

2. Quantitative methods thatyield a numerical (enume r ative) result in terms of the microbial content of a compendiał arth 
de. 

There are inherent analytical factors that mus t be considered in the implementation of microbioiogical methods and in the 
comparison of a candidate al terna tive method to an existing compendiał method. With respect to qualitative ("absence of") 
analysis, it is critical to consider that in microbiology, the finding of "no microorganisms present" does not mean in absolute 
terms that zero cells are actualiy present in the compendiał artide, A result of "no growth" in a current compendiał method is 
properly interpreted as "no growth was detected in the test sample from the compendiał artide under the specified condh 
tions". 

The actual Itmits of detection of compendiał microbioiogical methods have never been established quantitatfvely, and it is 
understood that many variabtes can affect the recovery of microorganisms, These variables indude selection of growth media, 
incubation condltlons, nutritional requlrements of microorganisms that may be present, physical condition of microorganisms, 
and characteristics of the compendiał artide under test. Studies on the recovery of microorganisms from potable and environ- 
mental waters have demonstrated that traditional plate-count methods reporting celi count estrmates as colony-forming units 
(cfu) may recover D.1%-1% of the actual microbial cells present in a sample (1), in comparison to alternative methods that use 
flow cytometry and therefore yield a different signal (celi count). The presence of a greater number of cells based on an aiter- 
natlve method with a signaf other than cfu has not correlated with morę user risk or a higher likelihood of pathogens being 
present when there is an established safety record. These resuits do indicate that in some types of samples, the mean estlma- 
ted celi count recorded using a growth-based compendiał assay may result in a very different mean value than a celi count 
estimate derived from an alternative microbioiogical method that relies on a signal other than the cfu* Also, one must consider 
that in analytical microbiology the concept of false positive or false negative resuits are both scientifically and conceptually dif- 
ficult. It would not be appropriate, for example to consider in a comparison between a standard compendiał method and a 
candidate alternatrve method that a negative result in the standard method meant that positives observed in alternative meth¬ 
od were false posili ves, It is a normal characteristic of a conventional growth-based method to recover some spedes weil and 
yet to be unable to recover others. While it is not necessary for an al terna tive method and the conventional method to pro- 
duce a match in terms of result, what is important is that the candidate method be capable of allowing a microbiologtsl to 
make an equivalent decision regarding product quałity consistently, 

It is extremely important in the application of this chapter that users take into account that microbiology is a logarithmic 
science, While we can distinguish between 100 and 1000 cfu (a difference of 1 log t0 ), it may be not possible to discem smaller 
differences (less than 0.3-0,5 Iog 10 ). The inherent variabiJity of these methods is substantially greater than analytical chemistry 
methods. This inherent analytical variability must always be considered in the selection, development, and validation of alter- 
native methods. The expectation of a degree of agreement between alternate microbioiogical methods and traditional 
growth-based methods beyond what is technically feasible could complicate the impfementation of newer analytical technolo- 
gies regardless of their specific modę of analysis. 

Achieving the level of characterization (variability of the method) that is possible using modern Chemical methods (e.g., 
high-performance liquid chromatography with a precision of l%-2% reiative standard deviation) is not possible in microbiolo¬ 
gy. It is reasonable to consider that the typical !evel of precision will typically be on the order of 15%-35% rełative standard 
deviation, allhough resuits outside this rangę both on the high and Iow sides are certainly possible, Also, the enormous num- 
bers and diversity of potential microorganisms as well as the inherent variability of metabolic activity levels in naturę can com¬ 
plicate recovery, The advent of alternative microbioiogical methods, which in some cases may recover higher celi counts than 
typically observed using existing compendiał methods, should not be taken to mean that new patient rtsks now exist that had 
not been heretofore recognized. 

USP Perspective on Implementation of Alternative Methods or Procedures 

The Ł/.5. Pharmacopeia (USP) has long provided mechamsms for the implementation of alternative assay methods or proce¬ 
dures to analyze compendiał articles, General Notices and Requirements in the USP States, "Alternative methods and/or proce¬ 
dures may be used if they provide advantages in terms of accuracy, sensitivity, precision, selectivity, or adaptability to automa- 
tion or eomputerized data reduction, or in other special circumstances," This statement allows considerable user latitude in the 
decision to use an ałtemative procedurę for routine product release, provided that proper technical and scientific attention is 
paid to the selection, gualification, and implementation of the method, If a product has proven safe in widespread use when 
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rdeased or controlfed using current methods, the implementation of an alternative method which can be well-correfated to 
the existing method should be straightforward. 

USP Methods and Procedures as Referee Tests 

Ali methods and procedures described in the USP generał chapters on microbiological tests, which are numbered below 
(1000), are intended to be referee tests for any product legally marketed in the United States, This means that in the event a 
dispute should occur for any reason, only the result obtained using the method or procedurę publlshed in USP is conc(usive* 
Thus, alternatlve methods or procedures implemented and pualified by a user will not serve as a legał replacement for the 
official USP method, which wili continue to serve as the referee test in the case of a dispute. 

General Considerations Regarding Quality Control Product-Release Assays 

Although the methods and procedures described in the USP generał chapters are intended to be official referee test meth¬ 
ods, it is recogntzed that these tests may not function optimalfy as quality control tests for spedfic compendial articles without 
modification, It is expected that the official USP methods will require evaluations to determine their suitability for use when 
applied to spedfic products, and that such evaluations will be conducted on the basis of a user ł s specific product knowledge, 
Procedures for demonstration of this method suitability (verification; inhibition/enhancement) are prowded in the relevant 
compendial test chapters. For exampfe, some compendial artides may have inherent antimicrobial properties that could, if not 
modified (or neutralized), adversely affect the suitability of a given compendial method or procedurę. When these methods or 
procedures are included in regulatory filings and the product is approved, they will be used as product-release and shelf-life 
tests, 

Harmonized Chapters 

Some USP microbiological methods or procedures contain a statement that they have been harmonized with eorresponding 
methods or procedures found in the Buropean Pharmacopoeia and the fapanese Pharmacopoeia. In chapters containing this 
statement, the text describing the method or procedurę is considered interchangeable (for additional Information, see Pharma- 
copeial Harmonization (1196)), If a compendial method or procedurę is conducted using harmonized text as written in the 
USP f European Pharmacopoeia, or japanese Pharmacopoeia , it is considered legałly interchangeable. However, the implementa¬ 
tion of an alternative method as a quality control test to repface a method described In the USP does not mean this method or 
procedurę would be interchangeable from the perspective of all re!evant jurisdictions unless it meets the criteria for alternative 
methods as specified by the other compendia. 

Submission of AIternative Methods or Procedures to USP 

In the USP f it is stipulated by General Notices and Repuirements that alternate methods should be submitted to the USP for 
evaluation, if an organfzation wishes to have the altemative method to be considered for Inclusion as a compendial method. 
This opportunity to advance microbiological testing is often overlooked by USP stakeholders. Submission of afternative mefli- 
ods or procedures allows USP to consider any such method as an addition to or replacement for an existing, standard method 
or procedurę. A submission of an altemative method must rndude complete analytical and eguipment details, as well as de- 
tailed analytical data from relevant qualification trials. 

For any method or procedurę to be considered as a replacement or additional referee method, it must not be a patented 
method or procedurę with reagents or instrumentation availabie from only a single source, Also, any candidate replacement or 
additional method must have broad applicabrlity, suitable for routlne use and must be compatible with a broad spectrum of 
relevant compendial articles. 

Additional USP Chapters Germane to the Implementation of Alternative Microbiological Methods 

Several USP generał Information chapters provtde usual Information regarding the implementation of alternative methods 
and procedures. Validation of Compendial Procedures (1225) provides detailed Information on submissions of alternative meŁh- 
ods to the compendia as wdl as generał guidance on validation and the evaluatlon of analytical performance characteristics. 
Useful informadon regarding the va lida tion of methods used for the recovery of viable microorganisms from compendial arti¬ 
cles (neutralization of antimicrobial properties of artides) appears in Vafidatbn of Microbial Recovery from Pharmacopeial Articles 
(1227). Information on the qualification of microbial Identification methods may be found in <1113). Finally, Information on 
the qualrfication of analytical eąuipment can be found in Analytical Instrument (Jualification (1058), 

Although Analysis of Bioiogical Assays (1034) is primarily concerned with the determination of product potency by utilizing 
bioassays, it also discusses fundamenta! principfes regarding variance, error, and biometrics that may be informative to those 
who are developing and validating alternative microbiological methods or procedures. 
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Other Information and Regulation Regarding the Use of Altemative Methods 

In the U.S. Food and Drug Administration (FDA) Currert Cood Manufacturing Practices reguladons, 21 CFR Part 211494 
describes reąuirements for test methods utilized to assess the compliance of pharmaceutical articles with approved speeifica- 
tions, The regulations State that test methods must have suitabie capabflity regarding acouracy and reliability. This subsection 
of the regulations also recognlzes the lega! basis of USP and the Nationoi Formuiary (NF) standards and makes it elear that it is 
the responsibility of the user to validate methods or procedures that differ from those standardized in the compendia. 

The International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Humań 
Use (ICH) doeument Validation of Analytical Procedures: Text and Methodofogy [Q2(R1)J also may be a useful reference in the 
devebpment and validation of alternative methods or procedures. This ICH doeument provides Information useful in the sub- 
mission of analytical procedures in assocration with produet registration applications submitted within the United States as well 
as Japan and Europę, 


USER REQUIREMENT$ 

Determining the precise technical requirements necessary for an alternative microbiological method is essential before one 
can select the appropriate technoiogy and eguipment that meet the re!evant assay reąuirements. Therefore, it is suggested 
that organizations wishing to deve3op and vaiidate a candidate alternative method produce a user requirement spedfication 
(URS) doeument. This doeument should include all crittcal functions of the technolog/, cntical user interface reąuirements, 
space reąuirements, environmental reąuirements, operational reąuirements, and all other important characteristics of an alter- 
native method for the intended use. These reąuirements v/ill be specific to the company or organization, as well as to the alten 
native method's intended use, and therefore the requirements should be generated by the user 

In generating this URS doeument, three separate components of the alternadve microbiological method validation must be 
considered: 

1, Instrument qua!iffcation. Most altematlve microbiological methods will depend on specific eąuipment This analytical 
eąuipment is subject to industry standard instrument guafification reąuirements (see (1058) for further information). 

2, Vałidation ofaltemate technologie*. The basie rationale for using an alternatfve methodology is to improve on some aspect 
of the existing technoiogy of the current compendial method without sacrifidng essential characteristics of that technolo- 
gy (e.g v piąte count and membranę filtration). The current technoiogy for compendial microbiology methods consists of 
detection of the growth of viable mlcroorganisms on (or in) a nutrient medium. The alternatrve technoiogy must be at 
least equivalent to the current technoiogy in terms of performance for the intended use. Much of the technical support 
for equivalence may come from the peer-reviewed scientific literaturę or from a prtor regulatory submission (e.g., a ven- 
dor submitted the Drug Master File to the FDA, or prior submission from a company on this technoiogy), but this must be 
confirmed, as appropriate for the intended use. 

3, Method suitability, This consideration must address both the technoiogy^ suitability to the specific test and the lack of 
produet inhibition and enhancement on the test results. 

a, Suitability of the technoiogy to the specific test. Many compendial microbiological tests have mandated test reąuire* 
ments. An example of this would be sample plans consisting of the ąuantity of materiał Lo be tested (e.g., 1 0 g or 20 
units of a specific volume). Because the test results are freąuently used to determine compliance with finished prod- 
uct specifications, and the specifications are dependent on sam ple voiume or ąuantity, the alternative technoiogy 
must be abie to satisfy sample voiume reąuirements as required in the generał test method. The use of a lesser voh 
ume or sample stze is not recommended and woufd need to be fully justified by the user on a case-by-case basis. The 
alternative technoiogy is considered suitabie if it can meet all eritical parameters of the compendial test. 

b. Inhibition and enhancement. Specific products may interfere or enhance the signal of different measurement tech- 
nologies to the specific signa! of interest (see (1227)). This component of a1ternative microbiological method valida- 
tion {i.e., suitability) must be demonstrated for each produet tested. 

Components of Data Quality 

General information chapter (1058) describes four different components of data q u ality. The most fundamenta! component 
is ąualification of the instrument; that is, a demonstration that the instrument is funetioning as designed. Next in significance 
is the method va lida tion; a demonstration that the technoiogy is f unetioning as expected. For instance, this might be a dem¬ 
onstration that an aftemative microbiological method is at least as suitabie for its role in the test method as was the traditional 
piąte count or recovery in nutrient broth. Next in importarce is the inclusion of rdevant Controls in the test to demonstrate 
the ongoing suitability of the test system. The finał component of data quality is the use of quality contro! samples, a practice 
not commonly used in microbiology because anaiysts slrive to exciude live cultures from a produet testing area, These differ¬ 
ent components of data auality are an important consideration in validattnq an alternative microbioloaical test as they help 
frame the URS. 
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Classical Microbiological Methods 



The cfu has been En use for about 1 25 years and continues to be specified as the unit of microbial enumeration in alE current 
USP monographs. Flowever, it is important to understand that the cfu has always been an estimation of microorganisms 
present, rather than an actual count The conceptualizatlon of cfu as a signai requires a fundamenta! grasp of the process of 
plating bacteria, yeast, or mold on solid media, as well as knowledge of what is reguired to produce a singie colony, 

The piąte count method provides an estimate of the number of microorganisms present based on the growth of discrete 
countable colonies on an individua] piąte; thus, the piąte count is not a true celi count. Although it is theoretieally possible for 
a single diable cel! to give rise to a cfu, a single celi growing into a colony on a piąte is unlikely to happen in naturę, "Viability 
of a ce!T is defined as the abifity to multiply by binary fission such that a colony appears. For a colony to appear, viable cells 
must find specific conditions of nutrient growth medium, incubation, and time. Indlvidual cells, however, are a rarity in naturę, 
and it is far morę tikely that any colony growing on solid media arose from a clump, chain, or mass of cells deposited togethen 
The cfu signai then is prone to underestimate the actuai number of cells present En a sample. The extent of underestlmation 
will vary, depending on the naturę of the microorganism and the way En which the sample was prepared, 

The cfu signai is also compietely dependent upon recovery of microorganisms from environmentai conditions, which pro¬ 
duce stress on the organism's ability to survive. It is important to notę that all organisms that are outside their preferred envb 
ronmental niche will be to one degree or another stressed. Furthermore, outside laboratory cufture microorganisms are unlike- 
ly to be in the exponential growth phase most optima! for transfer onto microbiological media for recovery and growth, Jn a 
very real sense most microorganisms present in compendial artEdes, In dry, nutrient-free environments, at e!evated tempera- 
tures, high Eonie strength, pH extremes, or in the presence of antimicrobial Chemicals are severely stressed and may prove diffi- 
cult or im possible to recover, Clearly these stress factors play a role in the piąte count anomaly mentioned above. If the 
growth, nutritional, or incubation conditions presented to microorganisms are not sufficient to result in recovery and the 
growth of colonies, the signai may be 0 cfu, or no growth, even when viable cells are present, These stress factors may not be 
important considerations with nongrowth-based alternate methods and such methods may produce signals from cells that will 
not grow on media. Predsion can be compromised further when organisms are present in large clumps, often associated with 
organie materiał, and are broken into smafler units during preparatom In this case, depending on the processing or handling 
of the sample, a clump could appear as a single colony or multiple colonies. Furthermore, the number of cfus on a piąte must 
be in a countable rangę, for example bacteria, 25-250, for reasonably reliable enumeratiom 
Thus, the methods of growth-based microbiology represent a logarithmic science with a signai of enumeration (cfu) that is 
truły an estimate rather than a precise cel! count. Understanding the strengths and weaknesses of the cfu as a signai is vital in 
the validation of an alternative method that uses an alternatlve signai, Therefore the cfu cannot be considered the onfy unit of 
microbiological enumeration. 


Signals from Alternate Microbiological Methods 


Rapid or modern microbiological methods typicafly produce signals in units other than cfu for microbial estimation and enu- 
meration. These signals are often processed via instruments rather than visually. Extensive studies have been conducted on the 
capabilitles of the various methods that can be applied to microbial assessment of compendial articles, and in most cases the 
prospective user will know the characteristics of the method and the signai it produces before selecting that method as an 
alternative, Guidance on method selection is provided in the section on Validotion of Alternate Technologies and in peer-re- 
viewed scientific publications. 

Most of the rapid microbiological methods are, to some extent, direct celi count methods. They, therefore, may provide a 
higher ceil count estimate than the cfu method for a given sample, depending on how the method is used and which com¬ 
pendial articJe is under evaluatlon. 

Some alternate or rapid methods detect and estimate celi counts on the basis of metabolic activity, which gives rise to a 
slgnaf that can be measured instrumentally, Examp!es of these types of signals include adenosrne trlphosphate (ATP) eon tent 
(biolumineseence), laser-induced fluorescence, enzymatic activity, and physiochemical changes to the composition of a nutri¬ 
tional broth or the headspace above the broth. 

Alternatlve methods may also be based on vita! staining, in which cells are stained or exhibit autofluorescence (based on celi 
components) and then are directly counted, either microscopically or Instrumentally. To inerease the probability that onfy liv- 
ing cells will be counted, multipfe stains may be used, which can (1) inerease sensitivity based on celi membranę function, (2) 
enhance reaction with nudeic acids, or (3) improve detection of metabolic activity. 

There are also nudeic acid based methods that can be used, as well as a rangę of other physicochemical methods of analysis 
that have been utifized in pharmaceutical, biopharmaceuticaj, dinical, and food microbiology. These methods may target, an> 
plify, detect, or guantify a nudeic acid seguence, and it is important to understand the type of signai that results from the 
analytical method. In addition, one should understand the physiological characteristic of the microorganism that gives rise to 
the signai, which then makes it possible to enumerate the cells. 
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SUCCESS CRITERIA 

Aiternative methods for obtaining a celi count may provide higher or lower celi counts than those provided by traditional 
compendial methods during the enumerative analysis of compendial articles* However, whether the celi counts are higher or 
lower with the alternative method, it is generally possible to detect adverse trends in comparison with the estlmates obtained 
using a compendial method. 

Observations of celi counts that differ from cfu results are not a concern if the different methods and their different signals of 
celi presence are equiva!ent to or are nomtnferior to referee methods in temns of assessmg the microbiological safety of an 
article* Higher celi counts must not be constdered as necessarily indicative of greater risk given the inherent variab(lrty of stand¬ 
ard growth methods and the physicai and Chemical naturę of compendial articles subject to analysis* This is especially tme 
when enumerating microorganisms in articles that have a long history of safe and effective use* In such cases the discovery 
that an article contains a higher celi count then prevrously known does not mean that its safety has deteriorated. 

With qualitative methods, j,e„ presence or absence, comparisons of false negative and positive results obtained in controlled 
studies with the compendial and aftemative microbiological method may be a measure of equivalence* There are commercially 
available enhancements to growth-based methods that aJlow colonieś on solid media to be read morę guickly, with substan- 
tially less incubation time, than is possible using only the unaided eye* These methods stilJ require the growth of organisms on 
or in media* Therefore, many of these methods are not in the strictest sense different from the existing compendial methods, 
but are tnstead merely enhancements prowding a morę raprd detection of colonies* In the implementation of these enhanced 
methods for the detection of colony growth onfy the detection capability of the method reguires verifrcatian* 

SAM PLE SIZE 

Any alternative microbiological test method (within its intended purpose) may use any sample size and number of tests that 
is sufficient to produce an equivalent decision (or better) regarding microbiological quality as compared to the reference 
method, It may be simpler, for many if not most alternative methods, to comply with the sampllng instructions that are provi- 
ded in the official compendial method. In case the sampfing approach defined in the official compendial method is utilized no 
justification of the sample size Is required. 

Statistics and Alternative Methods 

Attempts to use statistics to compare the cfu results to signals arising from biochemical, physiological, orgenetic methods of 
analysis may have limited value* Given the differences among these methods, they cannot be expected to yleld signals that 
could be compared statistieally in terms of mean values and va riabilrty, Thus, the enumerative values, given as cfu results in 
assodation with reference methods, typically cannot be used as acceptance criteria for the assessment of articles via candidate 
alternative methods* Instead, it is the users' responsibifity to propose values, supported where necessary by scientific literaturę, 
that they can demonstrate are appropriate for the method that they have chosen and validated* This can be done independ- 
ently of existing standards expressed in terms of cfu* 

INSTRUMENT QUALIFICATION 

Instrument quaiification should follow, at least in generał terms, the discussion in (1058). The instrument qualification for 
equipment critical to the functioning of an alternative microbiological method irwolves four distinet phases: 

1 * Establishment of User Reguirement Specifications for critical method attributes which should be formalized in a URS docu- 
ment. 

2* installation qualification—Was the instrument installed correctly? 

3* Operational quaiification—Does the instrument meet the manufacturer’s specifications for correct operation? 

4. Performance qualification—Does the instrument meet the URS for performance? 

VALIDATION OF ALTERNATE TECHNOLOGIES 

User Requirements Specification 

Preparatron of the URS doeument should involve input from ail stakeholders for the microbiological test method* These 
stakeholders may include representative$ from the Microbidogy, Quality, Regulatory Affairs, and Operations groups, as well as 
others. The time spent on thts step should be considered an investment in reachtng a elear understanding of the company's 
needs before equipment is purchased, which will drive the performance gualification. At minimum, this doeument should in- 
dude thefollowing; 

* Purpose and intended use (defined need for instrument) 

° Description of who will use fhe eguipment 

• Operational requirements (data format, user interfaces, and operating environmenl) 


General Chapters 




General Chapters 


1 762 {1223} Alternative Microbiological Methods / General Information 


USP40 


* Constraints (timetabfes, downtime, maintenance, userskill feve(s, product compatibility, limit of detection, accuracy, and 
rapidity) 

* Life cyde (development, testing, delivery, validation, training, and obsolesce) 

* Capability (turnaround time, test capacity and throuchput, and labor reguirements) 

* Sustalnability (consumables, calibration, validation, and preventative maintenance) 

See (1058) for Information on the guafification of analytfcal instrumentation. The principles outlined in (1058) are generally 
applkable to the ąualifkation of instruments used to conduct alternative microbiological analysis. The user may need to tailor 
the specific recommendations in {1058) to their particular instrument gualification spedfications. 

VaIidation Criteria 

The validation parameters generally recommended for qualltative and quantitative microbiological tests are shown in Table 
h Examples of qualltatlve tests are the sterility test and the test for absence of specified microorganisms. A quantitative test 
would be microbial enumeration. Notę that qualitative testing is binary, and for this reason there is generally no need to define 
equivalency of unks of measure, onfy equivalency of outtome. 


Table 1, ValidatE<m Parameters by Type of Microblolot 

jlcal Test 

Ualidatlon Parametcr 

QuaJltatlve Tests 

Quantltative Tests 

Accuracy 

No 

Yes 

Preclslon 

Mo 

Yes 

Specific i ty 

Yes 

Yes 

Limit of detection 

Yes 

Yes 

Limit of guantification 

No 

Yes 

Linearlty 

No 

Yes 

Operational (dynamie) rangę 

No 

Yes 

Robustness 

Yes 

Yes 

Repeatability 

Yes 

Yes 

Ruggedness 

Yes 

Yes 

Equivalency 

Yes 

Yes 


5PECIFIGTY 

Deflnition: The specifldty of an alternate qualitative microbiofogical method is defined as its abllity to detect a rangę of chal¬ 
lenge microorganisms specific to the technology. “Rangę of microorganisms" may be defined as a Itmited number of microor¬ 
ganisms representing risk to patient or product, microorganisms found in the manufaeturing environmenf and product fail- 
ures, microorganisms that are appropriate for measuring the effectiveness of the alternative method, and microorganisms that 
are representative in terms of morphologica! and physiologicai attributes appropriate for the method and the product, 
Demonstration: Specifldty is demonstrated by comparaoie recovery of the challenge panel of microorganisms in both the 
compendial and aiternate methods. The microbial challenge is above the limit of detection or quantification but at a level that 
provides a measure of efficacy of the methods. 

Growth bosed—Add Iow numbers (around 100 cfu) of each microorgamsm on Lhe panel and perform both the compendial 
and altemattve methods to demonstrate recovery of the microorganism, 

Nongrowth bosed —Use suitable negative and positive Controls to demonstrate that extraneous matter that may be in the 
system (e.g., extracellular ATP, DNA, or inhibition and enhancement factors) does not interfere with the detection of the de¬ 
fined rangę of microorganisms. 

Ali challenge microorganisms should be recovered and identified in growth-based methods. For nongrowth-based methods 
microorganisms should be recovered and identified where possrble. 

LIMIT OF DETECTION 

Deflnition: The limit of detection (LOD) of an alternate microbiological method is defined as lowest number of microorgan¬ 
isms in a defined volume of sample that ean be detected, but not necessarily quantified, under the stated experimental condi- 
tions, This should be conducted with the guality contro! organisms dted in Antimicrobial £ffeetiveness Testing {51), Microbblogh 
cal Examination of Nomterile Products: Microbial Enumeration Tests (61), Microbiological Examination of Nonsteriie Products: Tests 
for Specified Microorganisms (62), Mycoplasma Tests (63), and Sterility Tests {71) as appropriate to the alternative method. 
Demonstration 
Method 1 
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■ Inocuiate a suitable diluent solution with a serial dilution rangę of each challenge mitroorganism, appropriate for the in- 
tended use of the method and the technology. In most cases, the compendial media growth promotion test panel may 
be sufficient. 

* The level of inoculation should be adjusted to a target of 50% of the dilution samples that show growth rn the compen¬ 
dial test. 

■ Perform bo Eh the compendial and alternate tests. 

■ Tests should be repeated a sufficient number of times (statistically significant alpha risk; 0.05; beta risk: 0.20) for both the 
compendial and alternate tests. 

— Statistics: Use the chi-square test or another appropnate approach to demonstrate equivalent recovery of the microorgan- 
ism challenges. 

— Alternately, use Method 2 
Method 2 (MPN Method) 

* Create a dilution series of the challenge organisms in a suitable diluent soiution to include at least the rangę of TO 1 du to 
ICH cfu (for a 10-fold senes) or 5 cfu to IG- 3 cfu/inoeula volume (for a 2-fold dilution series). 

* Perform both the compendial and alternate tests with at least 5 simultaneous replicates of each dilution from the chosen 
series. 

* Determine the most probable number (MPN) from tiree dilutions in series that provide both positive and negative 
growth (orsignai). 

* Statistics: Use the chi-square test or another appropnate approach to demonstrate equivalent recovery of the microorgam 
ism challenges. 

ROBUSTNESS 

Definition: A capacity of the method to rematn unaffected by smali but deliberate variations in method parameters, e.g., 
reagent volume, incubation time, or ambient temperaturę providing an indication of its reliability during normal usage. A 
measure of robustness is not a comparison between the compendial and alternate methods; rather, it is a necessary compo- 
nent of validation of the alternate method so that the user understands the limits of the operatlng parameters of the method. 
The user may rely on data supplled by test method manufacturer. 

RUCCEDNESS 

Definition: The degree of precision of test results obtained by the analysis of the same samples under a variety of typtcal 
test conditions such as different analysts (for example, three), Instruments, and reagent lots (the method for demonstration 
may follow instrument or materials supplier recommendations, or it could be based solely on data supplied by test method 
manufacturer). 

For the definition of other valkiation parameters see Glossory . 

METHOD SUITABIL9TY 

for each new product to be tested using the validated alternate microbiological method, perform the suitability test as de- 
scribed in generał test methods (see (51), (61), (62), (63), and (71)), using the number of unit and quantities prescrlbed and 
the sample preparation appropriate for the product and the reguired test sensith/ity to determine the absence of a product 
effect that would obscure the signal of the method. 

Method suitability may be demonstrated using three independent tests. Only the accuracy and precision validation parame¬ 
ters are required for quantitative methods. For qualitative methods, recovery of challenge organisms as indicated in (62), (71), 
and (1227) is sufficient 

After an alternative method has been shown to be equivalent to the compendial test with one product, it is not necessary to 
repeat the equivalency parameters for every new product; it is merely necessary to verify the method suitability for each addi- 
tional product. For example, when employing a nucleic add based method, with each new product, one must demonstrate 
that residua! product does not interfere with the concentration, extraction, purificatlon, and recovery of the target nucleic 
acid, or the polymerase chain reaction (PCR) amplification and Chemical probe detection of the target ribosomal ribonucleic 
acid (rRNA) gene sequence. 


EQUIVALENCY 

Ali microbiological tests are performed to enable informed decision making regarding the microbiological quality of a prod¬ 
uct, raw materiał, component, or process step. In this respect, the intended purpose of microbiologica] tests may be to either 
evaluate for the presence or absence of microorganisms (as in the sterility test) or to estimate the number of organisms 
present. The technological means by which microbiological test methods assess microbiological quallty and enable a product- 
quafity decision may differ frorn the growth-based means ty pica! of reference methods, The units of measuremenf (signal) of a 


General Chapters 




General Chapters 


1764 {1223) Alternatiye Microbiological Methods / General Information 


USP40 


microbiological guafity assessment performed using alternatiye microbiological test methods will generaily not be a cfu, but 
rather a different approach to obtaining a celi count estimate. Therefore, the va lida don of a!ternative microbial methods 
should involve two components: (1) equiva(ence demonstration and (2) analyticaJ method and equipment qualificatian. 

Equivalence Demonstration 

General Notices and Requirements States that alternate methods may be used if they provide advantages in terms of accuracy, 
$ensitivity, precision, seiectlvity, or adaptability to automation or computerized data reductlon. It further stipuiates that alterna¬ 
tiye methods can be Implemented in other special circumstances. Such alternate methods shalf be validated as described in 
(1225) and must be shown to produce equivalent or better results than the referee method for any given guallty atfnbute* 
When comparing two test procedures to show equivalent or better performance, statistical evtdence is assembled to show 
equivalence or, in statistical terms, non-infenority. For example, with microbial enumeration, equivalency may be shown if 
there is no statistically significant difference between the two means generated when enumerating with the compendial and 
alternative methods. Howeyer, this may not be possible when the two methods yield different signals. Examples of this situa- 
tion are when the microbial enumeration method uses yitaJ staining of microbial cefls or measurement of genomie materiał in 
place of cfus. 

Similarly, the FDA Guidance for ind ustry document Analytical Procedures and Methods Validotion: Chemistry^ Manufacturing, 
and Controls Documentation States that a yafidated alternatiye analytical procedurę should be submitted only if it is shown to 
have performance equał to or better than the regulatory analytical procedurę. Also, section 2 J of the ICH document Test Pro¬ 
cedures and Acceptance Criteria for New Drug Substances and New Drag Products: Chemical Substonces (Q6A) states that alterna- 
tive procedures are those that may be used to measure an attribute when such a procedurę Controls the guaiity of a drug 
substance or drug product to an extent that Is comparable to or superior to the officia! method. Howeyer, other options to 
demonstrate equivalence are avallable and are discussed in Demonstration of Equivalency. 

Demonstration of Equiva!ency 

Four options are avai!able to establish the equivalence of a candidate alternatiye analytical method: (1) acceptable proce¬ 
dures (i.e., merely meeting a minimum performance or acceptance reguirement without a need to demonstrate equivalente 
to the compendial method); (2) performance equivalence to the compendial method; (3) results equivaiente to the compen¬ 
dial method; and (4) decision equivalence to the compendial method (/). A comparison of these four equivalence options is 
giyen in Jobie 2. The multiple equiva!ence options reflect the diversity in the technology and applications of the alternatiye test 
methodologies and may be viewed as a parad i gm shift in Equiva lence Demonstration . 


Table 2. Equivalence Option Matmt 


Option 

Demonstration 

Comparison to 
Officia! Compendial 
Method 

Based on Numerka 1 
Results or 
Conclusaon 

Number of 
Characteristics 

1. Acceptabie procedures 

Acceptable 

No 

Results 

Multiple 

2. Performance eq ul va lence 

Equivalent 

Yes 

Results 

Multiple 

3. Results equiva!ence 

Equivalent 

Yes 

Results 

Single 

4. Dedsfon eguiyalenee 

Equlvalent 

Yes 

Condusions 

Single 


O PTI ON 1: ACCEPTABLE PROCEDURĘ 


This is not strictEy an equivalence option that requires direct comparison between the candidate alternatiye method and an 
official compendial method. With this option, a reference materiat with known properties may be used, such as a standard 
inoculum of a spedfic mreroorganism, a guantity of highly purified bacterial genome, an ATP fevel or another appropriate stg- 
naL In some cases, it could be required that the alternatiye method measure the signal in the presence of the test sampfe, with 
yafidation criteria that are consistent with the capabiiity of tne technology, as described in the sdentific literaturę. 

OPTION 2; PERFORMANCE EQUIVALENCE 

Performance equiva!ence requires the demonstration of equivalent or better results with respect to validation criteria—such 
as accuracy, precision, speciftcity, limit of detectlon, limit of qualif kation, robustness, and ruggedness—that may be appropri¬ 
ate for the intended use of the alternatiye qualitative or quantitative method. it Es possible that the alternatiye method may not 
conform to some of the va!idation parameters Jisted compared with the officia f method and still be acceptabie because of the 
adyantages of the alternatiye method. This may be the case if the alternative method has any of the advantages stated in the 
Genem/ Notices and Requirements (methods "may be used if they provide adyantages In terms of accuracy, sensitMty, preci- 
sion, selectivity, or adaptability to automation or computerized data reduction, or In other special circumstances"). Other spe- 
dal circumstances would include improvements in time to obtain a result or the cost of running the test. If a candidate aiterna- 
tive method is suitabte for assessing the guality of the materia! tested, it may be stilt acceptable, even if it differs from the offi- 
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dal method in one or morę validation parameters. The finał analytical qualification criteria should refiect only the criteria that 
the micmbiologist deems necessary to achieve performance equivalence* 

OPTION 3: RESULTS EQUIVALENCE 

When results equivalence is required, the hypothesis to be tested is that the alternative and compendial test methods give 
equivalent numerical results. This contrasts with the evaluation of the yalidation parameters, as is done in performance equiva- 
ience. Because the same sample cannot be tested in mrcrooiology, typically a tolerance interval is established when comparing 
the two methods, with the altematwe method determined to be numerically superior or nondnferior. Reports on the use of 
alternative non-growth-based methods have shown that they may produce significantly higher celi count estimates than a 
growth method that reports outcomes in cfu. In this case, the analyst could use a calibration curve showing a correlation be- 
tween the two methods in the product specifrcation rangę 

OPTION 4: DECISION EQUIVALENCE 

A decision equivalence is similar to results equivalence but differs in that a numerical result is not generated; instead a pass/ 
fail result is obtained. With this approach, the frequency of positwe and negative results generated should be no worse than 
with the compendial method. This non-inferiority reąuirement is based on the long history of product quality tested by and 
released with the referee compendial test For the purposes of qualiffcatbn, laboratory studies tnvolving spsking Iow levels of 
microorganisms may be considered* The followrng sections provide suggested approaches for demonstratmg that the a I terna- 
tive procedurę is equivalent to or better than the compendial procedurę. Users may use other valid methods for demonstration 
of equivalence with supporting scientific justification. 

Equivalence Demonstration for Alternative Qualitative IVIrcrobiologicaI Procedures 

Results obtained by procedures in (62), (ó3), and (71) are indicative of the presence or absence of microorganisms in the 
sample tested. These tests do provide a decision (i.e., the compendial article either passes or faifs the test)* This type of data fits 
in the decision equivalence category as described in the Stlmull article (2), Approoch 1 (see below) is based on demonstratfng 
decision equrvalence. Approoch 2 (see below) is an afternative that converts the qualitative results to quantitative ones by using 
the most probable number (MPN) procedurę. Both approaches use a non-inferiority hypothesis (3). 

To demonstrate the acceptability of the afternate procedurę relative to the current microbiological procedurę, the laboratory 
must demonstrate that the new procedurę is as good as or better than the current procedurę in terms of the abitity to delect 
the presence of microorganisms. In generał, a recommended approach for comparing the alternate procedurę to the compen¬ 
dial procedurę is to use a non-inferiority test (one-sided, as in non-inferiority tests conducted in clinical trials for new drug 
products) (4) rather than two-sided equivalence [as in bioequivafence (5)]* Non-inferiority is an appropnate approach for two 
reasons. First, from a patient perspective, it is beneficja! to promote an alternative procedura that is potentially morę sensitive 
than the referee procedurę. In contrast, a two-sided approach penalizes better recovery of microorganisms. It is important to 
notę that those implementing the alternate method will need to assess the risk associated with the change in procedurę, be¬ 
cause a morę sensitive procedurę may generate morę positive results* Second, the alternate procedurę has benefits (principally, 
reduced time to a result) that make it preferable to the compendial procedurę, even if it is not as $ens*tive, as long as it allows 
for a quality decision on the product that is non-inferior to the compendial method. 

APPROACH 1: USE PRESENCE AND ABSENCE RESULTS 

The non-inferiority hypothesis for this approach is that the proportion of samples that produce a signal for the new proce¬ 
durę {P N } is NMT some amount (A > 0) less than the proporion for the current, compendial procedurę (PJ (6): 

Result = P N - P c k -A 

The A is the non-inferiority margin. Unless the laboratory regurres a tighter margin, use A - 0.20 in the experiments described 
below. Calculate a one-sided 90% confidence interval for P N - P c (7). Non-inferiority is concluded if the lower confidence limit 
exceeds -0*20* If the experiment is able to conclude in favor of the non-inferiority hypothesis, then it can be stated, with 95% 
confidence, that P N > P c - 0*20 at the bioburden ievel studied* 

This evaluation shouid be conducted using types of microorganisms selected by the laboratory as representative of the gen¬ 
erał types of microorganisms encountered. The choices can follow (71) or appropnate suitability test organisms, organisms re- 
covered from product testing and/or microorganisms representative of those that may convey risk to patients given a pro- 
dutfs route of administration* 

The laboratory shouid conduct an evaluation to determine whether the alternate procedurę can be shown to be non-inferior 
to the microbiological procedurę in terms of sensitivity as measured by the proportion of samples returning a positive result for 
microbial recovery and growth. For each organism in a qualitative test, conduct three evaluatk>ns, The first uses samples pre- 
pared by serial difution to be at or around 10°, i.e*, 1 cfu, where no growth is fikeiy to be observed (hence no signal will be 


General Chapters 




General Chapters 


1 766 <1223) A!temative Microbiological Methods / General Information 


USP40 


detected by the growth-based microbiological procedurę) to characterize the sensitivity of the new procedurę at this leveL The 
setond uses samples at or around 1 O 2 (100-200 cfu), where the microbiological procedurę would be expected to detect 
growth at a relatively high percentage of about 75% or greater, to determine the acceptability of the new procedurę. The 
third is a comparison of the two procedures at a burden where 5Q%-75% of samples would be expected to grow colon les 
[often a serial dilution to around 10 1 (10-50 cfu)] to test the non-tnferiority hypothesis as described above. In the non-inferiori- 
ty experiment for qualitative mrcrobtology tests, a minimum of 75 samples should be tested on each procedurę. Using 75 sam¬ 
ples provides approximately 80% power. Should the laboratory find that a higher statistical power is necessary given the re- 
guirements of fhe analysis for a given product, increasing the number of samples analyzed to 100 will result in a power of 
approximately 90%. These procedures are appropriate for the purposes of concluding non-inferrority if the two procedures are 
actually equally serjsitrve using A - 0.20. If the laboratory concludes their new procedurę !s less sensltlve than the compendial 
procedurę, a larger number of samples will be reguired to maintain these power levels. 

Independent samples: Suppose that N A samples have been tested with the candidate alternative procedurę, of which X A 
samples are posltive, and that N c samples (not the same as those tested with the candidate) have been tested with the com¬ 
pendial procedurę and that X c samples are positive. Calculate the fol łowi ng: 

p A -X A fN A p c -X c /N c 
9 = N c /N a 
a = 1+& 

b--[R[i+0p c ) + 0 + p A ] 
c = R(p A +&p c ) 
p Ą =\-b-(b 2 -4ocf n ]/(2a) 

Pc=Pa/R 

v= Eó^zM+^&S—M 

n € 

7 _{p*- R Pc)/ 

/4v 

where R is the ratio of variances at which to determine power. 

Condude nondnferiorlty if Z > z u where z Ll is the upper a percentage point of a standard normal drstribution. 

Paired samples: Suppose that N samples have been tested by both the candidate alternative and compendial procedures. 
The results can be displayed in a 2x2 table (see Table 3). 


Table 3. Results for Paired Sample 


AIternative Procedurę 

CompemJiaD Procedurę 

Row To t ais 

Positive 

Negative 

Posili ve 

*ri 

X}Q 

X* 

Negative 



N-x* 

Column totals 

Xę 

N- X r 

N 


Compute the following: 


L=lX„-RX n +{1- R}X,j ] / N 
V=X Ą [X, B + X tll )/Xl 
Z=L/JV 

Condude non-inferiority if Z > z [t where z n is the upper a percentage point of a standard normal distribution. 

APPROACH 2: COMPARE MPN RESULTS 

For the compendial reference and the alternative procedures, conduct an MPN comparative study using standard proce¬ 
dures for MPN for each of the N samples. IdealJy, the same samples are used for the two procedures, but this is not a necessity. 

For Approach 2, the non-inferiority hypothesis is 

Pa - Pc * log(tf) or <wtHog{łi A - p c ) > R 

where j.l a and \x c are the means in the log scalę for the altemative and compendial procedures, respectively. 

Independent samples: Determine MPN for N A samples by the a!ternative procedurę, convert all values to logs, and deter¬ 
mine the sample mean of the log values (x A ) and sampJe varfance of the log values (5 2 J. Simifarly, determine x c and 5 2 c from 
the logs of N c samples tested with the compendial procedurę. Determine the following: 
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where £ (VClf is the upper a percentage point of the t distribution with ctf degrees of freedom and 

df ^ i S 2 A /N A +S 2 c /N c f 

(Sj/N A ) 2 | {S 2 /N c ) 2 
N a -1 N c —1 

If using software that onfy allows for integer degrees of freedom (e.g v Excel), use finear interpolation to obtain the f value. 
Conclude non-inferiority if anti\oq(L iow ) > R. 

Parred data: Determine MPN for N samples by the alternative procedurę and for the same N samples by the compendial 
procedurę, convert all 2N values to logs, and determine the sampje mean (x) and variance (5-) of the differences of log alterna- 
tive value minus log compendial value, Determine the following: 

= t a N _,S/'lN 

where f urN ^ } is the upper ct percentage point of the t distribution with N - 1 degrees of freedom. Conclude non-inferiority if 
0fft/log(4J > R. 

Equivalence Demonstration for Alternative Quantitative Microbiological Procedures 

A key characteristic of some alternative quantitative procedures is that their signal may differ significantiy from the cfu of the 
compendial microbioEoglcal procedurę. As a conseguencą equivalence as it is typically understood cannot be shown; that is, 
the numerical results are expected to differ in magnitude and units, fnstead, this chapter suggest two criteria for the verifica- 
tion of candidate aiternatlve quantitative procedures: 

1. Results from the candidate procedurę have at least acceptabfe precision (repeatability), 

2. The results from the candidate procedurę are highly correlated with those from the compendial procedurę. A high corre- 
lation is taken to indicate that quantitative acceptance criteria expressed in cfu can be calibrated to criteria in the units of 
the alternative procedurę. 


PRECISION 

Prepare a minimum of six sampfes at a minimum of two bloburden levels near specification limits relevant to the laboratory. 
Run the candidate alternative procedurę for the prepared samples. [Notę—T his is to correspond to repeatability conditions; 
see (1225).] At each fevel, determine the sam ple variance (5- ? ) of the loganthms (log 1Q ) of sample results. Calculate the follow- 
Ing: 


UL -100 * 


Where n \s the number of sampfes (n>6) and x 2 os.w-ib the lower 5% value of a chi-square distribution with n -1 degrees of 
freedom. Precision is acceptable if *UL < o, where a is the predetermined maximai acceptable repeatability percent geometrie 
coefficient of variatian, %GCV, (For smali values, the %GCT will be approximately the %RSD.) 

The greater the number of samples (n) the greater the fikelihood (power, in statistical terms) that a procedurę, the precision 
of whith is actualty acceptable, will yield data that meet this criterion and thus be declared acceptable. The laboratory may use 
pnor data to determine a value of n that meets their needs. 

Example: For the data for the alternative procedurę in Tcbfe 4, calculate the folfowing: 

n= 10 

S 2 = 0.000241, and 

^ - 3.32511 3, so 
UL-6.06% 

This alternative procedurę thus has acceptable repeatabi ity precision as iong as the prespecifted success criterion o had been 
at least 6.06%. 


anf/log 


(n- 1)S 2 

X.05, n-1 


— 1 
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CORRELATION (LINEARNY) 


Prepare a minimum of two sam pies at each of four different bioburden levels covering the rangę from near limit of qualiffca- 
tion (LOQ) to one log above the specification limit defined in the standard compendial assay to which the candidate alterna- 
tive method is belng compared. Determine the activity for all sam pies using both the eandidate afternative and compendial 
procedures. Plot and determine the corrdation between the log of vafues from the eandidate alternative procedurę (y) and the 
log of va!ues from the compendial procedurę (x). The correlation is acceptable if at least 0.95 (or R 2 at least 0.9025). 

Atthough a Nnear relationship between the two sets of results is typ i ca I ly expected, a nonlinear relationship can be accepta¬ 
ble* In the case of a nonlinear relationship, use the Spearman (nonparametric) correlation Instead of the Pearson correlation. 


Table 4 


Compendial 

Alternatiye 

(cfu) 

(celi count) 

70 

970 

71 

965 

75 

950 

92 

990 

100 

1000 

105 

1051 

116 

1046 

123 

1039 

127 

985 

130 

1020 


Figurę 1 shows the plot of these data after conversion to base 10 logs. Because R 2 does not meet the stated regulrement, the 
results from these two procedures are not sufficiently correfated. 


3.03 


♦ 


❖ 



i-ffl 


* 




2.97 1-— -—- i --r----—i—--—■----i---— i -i 

l.SD 1.65 1,00 1.95 2.00 2.05 2.10 2,13 

LeięIO of CamperuHal Results 


Figurę 1 * 

Candidate alternative procedures that may be suitable for making decisions about the microbiological quality of a sample (as 
in Figurę 1) may not correlate well enough with the compendial procedurę to meef the above correlation repuirement* In that 
case, the other option is to apply the decision equiva3ence approach as described earlierfor qualitative tests, During procedurę 
development, the laboratory should determine a specification for the alternative method to correspond to the compendial 
specification for the reąuired Ieve1 of microbiological quality. For example, if the required 3evel of microbiological quality is 
NMT )0 2 cfu, for which the compendial maximum acceptable count is 200 cfu, the laboratoiy will need to determine an ac- 
ceptance criterlon for the candidate aiternative procedurę that will match that value from the perspective of making a decision 
regarding microbiaJ guality. Then, the validation experiment to confirm this choice proceeds as described earlierfor quaiitative 
tests. 
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GLOSSAfSY 

Accuracy: Closeness of the test results obtained by the alternative test method to the value obtained by the compendial 
method, to be demonstrated across the dynamie (operatlonal) rangę of the method. 

Alternative microbiological method: A modern or raptd microbiological test procedurę (MMM or RMM) that is different 
from the traditional growth-based method, such as the piąte count or recovery in Eiquid broth. The alternative or rapid 
method may use different technofogies, instrumentation and software to manage the testing and anafyses of data and 
may provide quantitative (enumeration) or qualitative (detection) microbial test results. 

Colony-forming unit (cfu): An estamate of the number of microorganisms obtained by traditional piąte count methods. 
The enumeration is dependent on the abitity of fhe microorganisms in the sample to grow on the microbiological eufture 
media under the conditions of ineubation. Because it is uncertain whether a colony was derived from the growth of one 
or even one thousand celis, the results are reported as cfu/mL (for a liquid) or cfu/g (for a solid) and not as cel!s/mL or 
cells/g. 

Conventional microbiological method: A cląssical or traditional growth-based method, such as enumeration on an agar 
piąte or detection in a liquid broth when Incubated for a specified time and temperaturę. These methods are used in (51), 
(61X (62), (63), and (71). 

Equivalence: When the test results from two procedures are suffidently dose for the intended use of the procedures. 
Demonstrafion of equivaJence requires a prespecified measure of how simllar the test results need to be, 

False negative: A test result that 3s incorrectly determined as negative (e.g., the absence of a viable microbial detection 
result when viable microorganisms are present). A type II error, also known as an error of the second kind, occurs when 
the nuli hypothesis is false but erroneously fails to be rejected. It is faiting to assert what is, in fact, present—a miss. A type 
I! error may be compared with a so-called false negatwe in a test (and seen as a "miss") that Is checking for a single condi- 
tion with a definitive result of true or false. The ratę of the type II error Is denoted by the Greek letter /? and is related to 
the power of a test (which equals 1 - /?). 

False positive: A test result that Is incorrectly determined as positive (e.g., a viab!e microbial detection result when viabfe 
microorganisms are not present). In statistical test theory, the idea of a statistical error is an integral partof hypothesis 
testing. These are deseribed as type I and type Jl errors. A type ! error, also known as an error of the first kind, occurs 
when the nuli hypothesis (HO) Es true but is rejected. I: Is asserting something exisls that is, in fact, absent (i.e., a false hit). 
A type 1 error may be compared with a so-called false posittve (a result that indicates that a gh/en condition is present 
when it actually is not present) in tests where a single condition is tested. The ratę of the type I error is called the "size" of 
the test and denoted by the Greek letter a. ft usually equals the slgnificance level of a test. In the case of a simple nul! 
hypothesis, a \s the probability of a type I error. 

Independent samples: Samples selected from the same population or different populations that have no effect on one 
another. That is, no correlation exists between the samples. 

Limit of detection (LOD): The lowest concentratlon of microorganisms in a test sample that can be detected, but not 
necessarily guanttfled, under defined experimentaf conditions. 

Limit of quantification (LGQ): The lowest number of microorganisms In a test sample that can be enumerated with ac- 
ceptable accuracy and precision under defined experimental conditions. 

Lineanty: The ability Lo produce results that are proportionaJ to the concentratlon of microorganisms present in the sam¬ 
ple within a given rangę. 

Method suitability: Demonstration of lack of enhancement or inhibftion by the product on the slgnal generated by the 
method. 

Non-inferiority: Demonstration that the alternate method is not worse than the compendial method by morę than a 
smali prespecified amount. This amount Is known as the non-inferiority margin or §, Non-inferiority is different from 
equivalence In that in an equiva!ence trlal, the desired conclusion is that two microbiological methods are not unaccepta- 
bty different from each other. In a non-inferiority test the objective is to demonstrate that a new product Is not unaccept- 
ably worse than an older one. 

Paired samples: A sample of matched pairs of simllar units. 

Range-Dynamic or Operationai: The interval between the upper and lower levels of microorganisms that have been 
demonstrated to be determined with specified accuracy, precision, and linearity. 

Repeatability precision: The degree of agreement among individual test results when the procedurę is applied repeated- 
Jy to multiple samplings of the same suspension of microorganisms and uses different suspensions across the rangę of the 
test. Also known as "repeatabllity". 

Robustness: A method's capacity to remain unaffected by smali but deliberate variations in method parameters, such as, 
reagent voJume, time or temperaturę of ineubation providing an indication of its reliability during normal usage, 
Ruggedness: Intermediate (within laboratory) precision assodated with changes in operating conditions. Factors contn- 
buting to intermediate precision involve anything that can change within a given laboratory and that may affect the assay 
(e.g., different days, different anaJysts, different equipment), 

Specifictty: The ability to detect a rangę of microorganisms, which demonstrate that the method is fit for its intended 
use. These microorganisms may include a fimited number of microorganisms representing risl< to patient or product, mi¬ 
croorganisms found in the manufacturing environmenf and product failures, microorganisms that are appropriate for 
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measuring the effe€tiveness of the alternatfve method, and microorganisms that are specified in the relevant compendiai 
tests, that are appropriate for the method and the produet 

User Responsibility: The responsibiiity for the instaliation and operational, and performance qualIffcation may be a joint 
responsibiiity of the instrument manufacturer and the userof the altemative microbiological method. The method valida- 
tion may be conducted by the instrument manufacturer, when justified. The method sultability testing conducted for 
eadi specific produet must be solely the user's responsibility, 

Validation: The process of demonstrating and documenting that the performance characferistics of a procedurę and its 
underlylng method meet the requirements for the infended application and that the procedurę is thereby suitable for its 
intended use, Formal validations are conducted prospectively according to a written plan that indudes justifiabie accept- 
ance criteria on vaiidation procedures. 
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<1223.1 > VALIDATION OF ALTERNATIVE METHODS TO ANTIBIOTIC 

MICROBIAL ASSAYS 

DNTRODUCTSON 

Microbiological assay methods have traditionatly been used to quantify the potency, or antimicrobial activity, of antibiotics. 
These microbiological procedures were historically used to certify antibiotics on a lot-by-lot basis to ensure suffident activity, 
Before 1 998, monographs for several approved antibiotics were publlshed in FDA's Codę of Federal Regulations, 21 CFR. These 
regulatory antibiotic assay procedures were later published in USP as the official referee methods to determine the potency of 
antibiotics. The details of the microbial assay procedures for indwrdual antibiotics, including the challenge organisms and test 
parameters, are described in generał chapter Antibiotics—Microbial Assays (81), Microbial assays provide a direct measure of the 
effectiveness of fhe antibiotic against a reference microorganism. Although these microbiological methods have continued to 
serve as the official compendial referee methods sińce their publication in USP, many manufacturers have replaced these mi¬ 
crobiological analyses with high-performance liquid chromatography (HPLC) methods, 

Although the microbiological methods proyide direct proof of antimicrobial effectiveness and can integrate aII moleties that 
conthbute to antimicrobial effects in a formulation, these methods are less precise, morę complex to perform, and slower to 
complete than afternative methods such as HPLC. Microbial assays also have llmited selectivity and are not appropriate for 
evaluating organie impurities. The specific skill sets required to perform the microbiological antibiotic assays, their unique 
eguipment reguirements, and their comparative complexity deter many stakeholders from using these methods, 

There are numerous reasons for replacing the microbiological antibiotic assays with Chemical assays that use purity or eon- 
tent as surrogates for the measurement of biological activity. The advantages of chemical-based analytical methods have been 
described previausly for simple, single-component antibiotics, as well as complex, multi-component antibiotics (7). Phystco- 
chemical procedures, such as HPLC, allowfor simpler preparation and rapid data acquisidon with improved precision, accura- 
cy, selectivity, and sperificity. HPLC methods can be used effectlvely for both potency assignment and organie impurity test¬ 
ing. Additionaily, because modern Instruments and the expertise to use such equipment are widely available, the conversion to 
alternative methods may be economically advantageous. 

This generał chapter provides points to consrder for manufacturers who want to use physicochemical afternatives instead of 
the microbial assay methods described In (81). Given the widespread use of HPLC as an alternative to microbial assay meth- 
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ods, this chapter focuses on HPLC methods. However r the principles set forth in this chapter are applicable to any aiternative 
physicochemical procedurę. 

GENERAL CONSIDERATIONS FOR ALTERNATIVE METHOD DEVELOPMENT 

MuJtiple important factors need to be considered when replacing microbial methods with HPLC or other Chemical techni- 
ques; this is because of the specific characteristics of antibiotics, 

1. It is essentia! to know whether the antimicrobial activity manifested by a preparation results from a single, active ingredi- 
ent or arisesfrom multiple, often retated, moieties. Where technically possible, the analyst should determine the contribu- 
tion of major moieties to antibiotic effectiveness. For the purposes of this chapter, major moieties are defined as those 
that contribute morę than 1% of the antibiotic potency, Where multiple moieties contribute to antibiotic activity, the 
Chemical assay should be able to resoke all major moiety peaks in theformulation. 

2. To the extent possible, the individual activity of process impurities and degradation products should be evaluated. This 
may not be necessary where evidence exists that eacb of the impurities and degradation products contributes less than 
1% of the total antimicrobial actMty of a preparation. 

3. General chapter <81) is the referee standard in any procedurę comparison. Therefore, the currently offtcial USP procedurę 
should be performed by the manufacturer (or under that manufacturerfs direction) to establish reference assay va!ues 
within the fest rangę. It may be necessary to eva!uate data using the guidelines in generał chapter Analysis of Biotogical 
Assnys <1034) when the test design is one described in that chapter. Manufacturers should establish appropriate limits for 
precision and accuracy of the microbial assay procedurę based upon their product knowledge, 

4. The candidate a!ternative HPLC or other Chemical method should be fully validated according to generał chapter Volida- 
tion of C ompendial Procedures <1225), 

5. The value of any method comparison is dependent upon the precision and accuracy of the assay test results obtained 
from both methods. No statistical comparison should be undertaken if the assay data from either method does not meet 
predetermrned acceplance criteria for method validation. 

6. The guidelines in this chapter do not apply to already marketed products for which the manufacturer has already received 
regulatory approval to use an alternative method. in all eases, the applicability of an alternative method can onfy be de- 
termined througb submission and review by the relevant regulatory authority, 

7. Any alternative to a compendial procedurę must be valldated and proven to be equivatent to, or better than, the referee 
method (2). A stimuli article published in PF 35(3) [May-june 2009] discusses the "equivalent or better" approach to eval- 
uating alternatives to compendial procedures (i), it isexpected that such a comparison will use appropriate statistical 
analysis. Examples of the recommended types of statistical analyses are outlined in this chapter. 

TECHNICAL CONSIDERATIONS 

Simple and complex antibiotics are treated separately because there are significant differences in methods development and 
validation for these two categories of antibiotics. 

* Simple antibiotics (such as tetracycline) are those for which all antimicrobial activlty is contributed by a single moiety, 

• Comp!ex antibiotics (such as gentamidn) are those that have morę than one active moiety. 

Stability-indicating alternative procedures are recommended. Where impurities or degradation products contribute morę 
than 1% of the antimicrobial acfivity of an antibiotic preparation, impurities and degradation products must be eva!uated. 

The microbial assay and the candidate alternative method should be performed as described in the appropriate generał 
chapter, e.g., (81) for microbial assays and generał chapter Chromatography (623) for HPLC procedures. 

BRIDGING STUDIES 

Srtdging studies are used to compare the data obtained ; rom candidate alternative procedures to the microbial assay data to 
determine whether the alternalive procedurę is an acceptabie substilule. 

Simple Antibiotics 

1. Separate the aetive antibiotic moiety from impurities and degradation products, Compare the microbial activity of the 
main moiety, process impurities, and degradation products against the USP Reference Standard for the antibiotic. Process 
impurities and degradation products present at levels below 1% of antimicrobial activity may be disregarded. The candi¬ 
date alternative method may resofve impurities that do not have antimicrobial acthrity. These will likely not factor into the 
bridging study. 

2. Continue as described in this section only if the product has a single moiety conveying the antimicrobial activity. 

3. Validate the alternative procedurę using (1225). The alternatlve procedurę must be specific, selective, and stability indicat- 
ing. 
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4. Test a minimum of three separate lots of the drug substance and the relevant USP Reference Standard using Ehe microbial 
assay procedurę as weil as the candidate alternatlve method. 

5. Test a minimum of six repllcate samples per lot using both the mtcrobtal assay and candidate alternative method. It may 
be necessary to increase the number of replicates based on the rrtaximum aliowed percentage dlfference (see Data Evalua~ 
tion) and the standard deviation of the method ( 4 ). If possible, prepare stock standard and sample Solutions and subdi- 
vide them for use with the microbial assay and candidate alternative assay procedures. This provides paired data thal can 
be anaEyzed (see Appendix 2). 

6. Appfy appropriate outlier (see generał chapters Analytical Data—interpretotion and Treatment (1 010) and (81)) and com- 
parlson tests (see Data Evaluation) to determine if the candidate alternative method and the microbial assay procedures 
yield equivalent results. 

7. if there are statistical outliers with elther procedurę, perform the comparison by excluding the outfier values. tf the bridg- 
ing study crlterla are met, repeat the bridging study with Controls to prevent outliers. Justiflcation for rejection of outliers 
must be provided En the bridging study report. The consistent appearance of outliers in the candidate alternatlve assay 
results may indEcate that the procedurę has inadeguate Controls. If this occurs, the bridging study is void and a different 
alternative procedurę should be deveioped and vatidated. 

8. IF the bridging study fails, it may be necessary to Include potency contributions from impuritles that are below 1%. 

Complex AntibiotJcs 

1. Separate and purify each antlmicroblal moiety of a complex antibiotic preparation, process impurities, and degradatlon 
products. Compare the antlmicrobial actlvity of the main moiety, process impurities, and degradatlon products against 
the USP Reference Standard for the antibiotic. Establish values for relative microbial activity (E) for each moiety as com- 
pared with the USP Reference Standard. Active moieties, process impurities, and degradation products at levels below 1% 
of antlmicrobial activity may be disregarded. The candidate alternative method may resolve impurities that do not have 
antimicrobiai activlty. These wiil likely notfactor into the bridging study. 

2. Evaluate a suitable number of production lots of the antibiotic to determine whether the compositlon of the complex an¬ 
tibiotic is consistent from one lot to another, 

3. Valldate the candidate alternative procedurę using (1225). The procedurę must be specEfic, selective, and stabitity indicat- 
ing. 

4. Test a minimum of three separate lots of the drug substance and the USP Reference Standard using the microbial assay 
method and the candidate alternative procedurę. 

5. Test a minimum of six repllcate sam pies per lot using both the candidate alternative method and the microbial assay pro¬ 
cedures. It may be necessary to increase the number of replicates based on the maximum atlowed percentage dlfference 
(see Data Evaiuation) and the standard deviation of the method (4). if possible, prepare stock standard and sample Solu¬ 
tions and subdivfde them for use with the microbial assay and candidate altemative assay procedures. This provides 
paired data that can be analyzed (see Appendix 2), 

6. Use the relative microbial activity ( F) to convert the percentage purity values for each moiety, then sum them to deter¬ 
mine a combined potency vaiue. 

7. Apply appropriate outlier (see (1010) and (81)) and comparison tests (see Data Evaiuation) to determine whether the can¬ 
didate alternative procedurę and the microbial assay procedurę yield equivalent results. 

8. !f there are statistical outliers with either procedurę, perform a comparison by exduding the outlier values. If the bridging 
study crlterla are met, repeat the bridging study using Controls to prevent outliers. Justification for rejection of outliers 
must be provided in the bridging study report. The consistent appearance of outliers in the candidate alternative assay 
results may indicate that the procedurę has inadequate Controls. If this occurs, the bridging study is void and a different 
or modłfied alternative procedurę should be devetoped and validated. 

9. If the bridging study fails, if may be necessary to include potency contributions from impurities that make a contribution 
below 1%. 

DATA E¥ALUATOON 

Described below are U5P's reeommendations for data evaluatlon. A(ternative approaches such as Demlng regression (5) and 
commercially available comparison tests may aiso be used. for an antibiotic with a comparatively narrow Assay rangę (80%- 
125% or narrower), follow Step 1. For an antibiotic with a wEde Assay rangę (80%-125% or wlder), foJlow Steps 1 and 2. 

1. Demonstrate the equivalence of results at the targeted potency of 1 00% using a two one-sided test (TOST) to test for 
equivalence. TOST offers several advantages over the t-test, which iooks for differences (d, 7,fi,9). This requires the labora- 
tory to set a maximum aliowed percentage dEfference (such as 3%, 4%, or 5%), denoted by k in the appendices. Use the 
formulas in Appendix 1 for independent sam pies (different sam pies used for the two procedures) or Appendix 2 for paired 
sam pies (a set of sam pies each of which is assayed by both procedures). 

2, Compare the chapter microbial assay and candidate alternative assay procedures using paired samples that cover the fuil 
monograph rangę of activity values. Prepare a Bland-AItman (BA) plot ( Appendix 3). There should be no evidence of an 
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important trend and the BA 95% agreement llmits should not extend outside a predetermlned maximum difference es- 
tabiished by the laboratory. 

APPENDIX 1: TOST FORMULAS FOR INDEPENDENT SAMPLES 


On the basis of the knowledge of the product, the laboratory must establish the maximum allowed percentage difference 
between the average resultfor the candidate a1ternatlve assay and the average for the microbial assay results for the altemative 
assay. A difference that meets the requirements mdicates that the altemative method provides acceptable results in the sped- 
ffed compendial rangę as compared with the microbial assay. In statlstical notation, what must be demonstrated is: 


100 


P^HPLC 


-1 


J^Micra 


<100 k 


<Eq- O 


k =* a smali positive number such as 0.03 (for an allowed 3% difference) 
p, = mean vaiue for each procedurę 
/ » aiternative method (HPLC) or microbial assay (Micro) 

These are the two values to be compared, 

Rearranging, this becomes: 

< HhRC “ < ^Mpcro (&|* 2) 

The idea of TOST is to consider the two inequalities of Equotion 2 separately, That is, to demonstrate the hypothesis in Eąuo- 
tion 2 at the 5% level, one must demonstrate both of the inequalities in Equation 3 at the 5% leve!: 

PhrC * IOP‘Mkro < 0 PhPLC ”0 “ WMmIcto > ^ 3) 

For a comparison of means, the TOST is equivafent to considering two-sided 90% confidence bounds. If the bounds satisfy 
the inegualities in Eąuation 3 f then equivalence has been demonstrated, When the sam pies for the two assays under compari¬ 
son are different ("independent sampfes"), defermine the following upper (U) and lower (i) confidence bounds: 


U = X HPLC — (1+ fr)XMiero + t Q05ćr 

J^HPLC ^ ^HPLC + (1 + ^Mlcrtł ^ ^ Micro 

(Eq- 

i - X hrc - (1 - k }Xmjcto - f 00t5c ^ ^ 

t ^HR.G + (1 “ ^ 

(Eq. 


X, = sample average 

Si = sample standard deviation 

N = sample size 

i = one-sided 5% value for a t-distrtbution 
/ - alternative method (HPLC) or microbial assay method (Micro) 
For the number of degrees of freedom, use: 



CEq 6) 


This is an approximation that assumes k is smali. If using software that only allows for integer degrees of freedom (e.g., Ex- 
cel), use linear interpolation to obtain the t-va(ue. Conclude that the two procedures are equivalenl (Le., any difference on 
average is acceptably smali) for the given lot if: 


I>0 and 6<0 (Eq. 7) 


Microbial Assay Data 


HPLC Assay Pala 


72.02 
67.3 
71.79 
71.16 
69.06 
75.56 
74.7 
74 . T 6 


72.6 8 
72.24 
72.5 


Example 1: 
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Microbial Assay Data 

HPLC Assay Data 

76.48 

— 


Following the above formulas with k - 0.03: 

AW - 3; W = 7Z5; W = 0,221 
Nwicro = 9; X Mictl> = 72.5; 5 Mkro - 3.045 
Degrees of freedom = 8.247; interpolated f~value = 1.853 
i = 0.338 and U = -0.219, sc the 3% equiva!ence criterion is satrsfied, 

APPEND1X 2: TOST FORMULAS FOR PAIRED SAMPLES 


When the sam pies for the two assays are the same, the data are considered "paired", The hypotheses are the same as those 
in Appendix L Because of the pairing of sampies, the standard deviatlon calculations differ. 

Determine the confidence bounds, U and L, as follows: 


U = Xhplc - (1 + k)X^„ + 
L = Xh?lc - {1 - *)Xno, - 


CEq. 8) 
(Eq- 9) 


N ~ number of sampies for each procedurę 
df=N~ 1 

and are calcu lated as follows: 




(Eq. 10) 


(Eq. 11) 

Condude that the two procedures are equEvalent (i.e., any difference on average rs acceptably smali) for the given lot if: 

t>0 and U<0 (Eq. 12) 

Example 2: 


Microbial Assay Data 

HPLC Assay Data 

1011 

980.9 

990 

981.4 

960 

978.3 

1000 

974.3 

970 

966.7 


Following the above formulas with k = 0.03: 

N = 5; X Hac = 976.3; X Mkf0 - 986.2 
Ą= 18.749; 5 y = 19,958 
df- 4; M/alue = 2.1 32 

L- 1.830 and U = -20.438, so the 3% equivalence criterion is satisfied. 

APPENDIX 3: BLAND-ALTMAN PLOTS 


Figurę 1 shows the data plotted as HPLC (x-axis) vs. Micro (y-axis). In Figurę 2, the x-axis represents the average response 
obtained using the alternative and microbial assay methods. 

The y-axis represents the difference in responses measured with the a!ternative and microbial assay methods. 

The bias for each data set is represented by the average difference. 

95% limits of agreement are represented by bias ± 25. 

Data points outside the limits of agreement are considered outliers. 
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The Bland-AItman plot (10,11) should show data points scattered within the limits of agreement with no obvtous pattern, ff 
a pattern exists (e.g v proportional pattern orfunneling outwards wrth increasing average), perform a log transformation. If 
performing a log transformation, take the antilog of results for analysis using the original scalę of measurement 
Example 3: 


Level 

Mkrablal Assay Pata 

HPLC Aisay Data 

ISO 

854 

867 

ISO 

862 

893 

150 

871 

880 

ISO 

845 

906 

150 

836 

854 

120 

678 

704 

120 

699 

722 

120 

688 

739 

120 

705 

686 

120 

671 

669 

90 

530 

541 

90 

536 

554 

90 

522 

528 

90 

510 

515 

90 

515 

502 

60 

366 

343 

60 

363 

361 

60 

348 

334 

60 

352 

370 

60 

357 

352 

30 

197 

185 

30 

187 

172 

30 

192 

176 

30 

189 

180 

30 

195 

167 
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Figurę 1. Example data plotted as Microbiaf assay data versus HPLC assay data. 

Figurę 1 shows the data plotted as Miero (y-axis) vs, HPLC (x-axrs), This appears to be in good agteement. Figurę 2 shows 
what happens when the same data are instead plotted as reeommended by Bland and Altrnan, 
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Figurę 2. Example data in a Bland-AItman plot. 

Calcu late the bias, estimated by the mean difference (d) and standard deviation (SD) of the difference. 


Mean difference = ”5.28 
SD of difference - 22.36 

Most of the differences are expected to lie between d - 2SD and d + 2SD (if normally distributed, 95% will lie in these lim- 
its). If differences within d± 25D (limfts of agreement) are not important, the two measurement methods can be used inter- 
ohangeably. 

LCL (d - 2SD) ^ -49,95 (Eq. 13) 

UCL {d + 2SD) = 39.39 (Eq. 14) 

The difference between results from the two procedures has a strong trend. This trend can be seen in Figurę 1, but the 
BJand”Altman plot in Figurę 2 makes it clearer. 
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INTRODUCTION 

Testing to the speciffcation of an ancillary materiał, intermediate, and/or ingredient and product is critical in establishing the 
quality of a finished dosage form. The transfer of analytical procedures (TAP), also referred to as method transfer, is the docu- 
mented process that quafifies a labo rato ry (the receiving unit) to use an analytical test procedurę that originated in another 
laboratory (the transferring unit), thus ensunng that the receMng unit has the procedural knowledge and ability to perform 
the transferred analytical procedurę as intended. 

The purpose of this generał Information chapter is to summarize the types of transfers that may occur, including the possi- 
bility of waiver of any transfer, and to outline the potential components of a transfer protocol. The chapter does not provide 
statistical methods and does not encompass the transfer of microblologica! or bioiogical procedures. 

TYPES OF TRANSFERS OF ANALYTICAL PROCEDURES 

TAP can be performed and demonstrated by several approaches, The most common is comparative testing performed on 
homogeneous lots of the targ et materiał from standard production batches or sam pies intentionally prepared for the test (e.g., 
by spiking relevant accurate amounts of known impurities into samples). Other approaches include covalidation between labo* 
ratories, the compfete or partial valrdation of the analytical procedures by the receiving unit, and the transfer waiver, which is 
an appropriately justified omission of the transfer process. The tests that will be transferred, the extent of the transfer activities, 
and the implementation strategy should be based on a risk analysis that considers the previous experience and knowledge of 
the receivtng unit, the comp!exity and spedflcations of the product, and the procedurę, 

Comparative Testing 

Comparative testing regulres the analysis of a predetermined number of samples of the same lot by both the sending and 
the receiving units. Other approaches may be valid, e.g„ if the receiving unit meets a predetermined acceptance criterion for 
the recovery of an impurity in a spiked product. Such analysis is based on a preapproved transfer protocol that stipufates the 
detal Is of the procedurę, the samples that will be used, and the predetermined acceptance critena, including acceptable varia- 
bility. Meeting the predetermined acceptance criteria is necessary to assure that the receiving unit is qualified to run the proce* 
dure. 


Covalidatton Between Two or Morę Laboratories 

The laboratory that performs the valrdation of an analytical procedurę is qual3łied to run the procedurę. The transferring unit 
can involve the receiving unit in an interlaboratory covalldation, indudfng them as a part of the validation team at the transfer¬ 
ring unit and thereby obtaining data for the assessment of reproducibility. This assessment is madę using a preapproved trans¬ 
fer or validation protocol that provides the details of the p p ocedure, the samples to be used, and the predetermined accept¬ 
ance criteria. The generał chapter Validałbn ofCompendiat Procedures 0225) provides usefu! guidance about which character- 
istics are appropriate for testing. 


Revaiidation 

Revalidation or partial revalidation is another acceptable approach for transfer of a vaiidated procedurę. Those characteristies 
described in (1225), which are antieipated to be affected by the transfer, should be addressed. 
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Transfer Waiver 

The eonventional TAP may be omitted under certain circurmtances. in such instances, the receiving unit is considered to be 
quafified to use the analytical test proeedures without comparison and generation of interlaboratory comparative data. The 
following examples give some scenarios that may justify the waiver of TAP: 

■ The new produeds composition rs comparable to that of an existing product and/or the eoncentration of active ingredt- 
ent is similar to that of an existing product and is analyzed by proeedures with which the receiving unit aJready has expe- 
rience. 

• The analytical procedurę beinq transferred is described in the USP-NF t and is unehanqed. Verifiction should apply in this 
case (see (1226)). 

• The analytical procedurę transferred is the same as or very similar to a procedurę already in use* 

• The personnel in charge of the development, vałidation, or routfne analysrs of the product at the transferring unit are 
moved to the receiving unit, 

If eligible for transfer waiver, the receiving receiving unit should document tt with appropriate justłfications. 

ELEMENTS RECOMMENDED FOR THE TRANSFER OF ANAYTICAL PROCEDURES 

Severai elements, many of which may be interrefated, are recommended for a successful TAP. When appropriate and as a 
partof pretransfer activities, the transferring unit should provide training to the receiving unit, or the receivtng unit should run 
the proeedures and identify any issues that may need to be resolved before the transfer protocol is signed, Training should be 
documented, 

The transferring unit, often the development unit, is responsible for providing the analytical procedurę, the reference stand- 
ards, the validation reports, and any necessary documents, as well as for providlng the necessary training and assistance to the 
receiving unit as needed during the transfer. The receiving unit may be a quality control unit, another intracompany fadlity, or 
another company such as a contract research organization. The receiving unit provides quaJified Staff or properly trains the 
staff before the transfer, ensures that the facilities and instrumentation are properly calibrated and gualified as needed, and 
verrfies that the laboratory systems are in compliance with applicable regulations and En-house generał laboratory proeedures. 
Both the transferring and receMng units should compare and discuss data as well as any deviations from the protocol. This 
discussion addresses any necessary corrections or updates to the finał report and the analytical procedurę as necessary to re- 
produce the procedurę. 

A single lot of the article may be used for the transfer, because the aim of the transfer ts not related to the manufacturing 
process but rather to the evaluation of the analytical procedurę^ performance at the receiving site. 

PREAPPROVED PROTOCOL 

A well-designed protocol should be discussed, agreed upon, and documented before the implementation of TAP. The docu¬ 
ment expresses a consensus between the parties, indicating an intended execution strategy, and should include each party's 
requirements and responsibElities, it is recommended that the protocol contain the following topics as appropriate: objective, 
scope, responslbiiities of the transferring and receiving units, materials and Instruments that will be used, analytical procedurę, 
experimental design, and acceptance criteria fora!! tests and/or methods induded in the transfer. Based on the validation data 
and procedural knowledge, the transfer protocol should identify the specific analytical performance characteristics (see (1225) 
and (1226)) that will be evaluated and the analysis that will be used to evaluate acceptable outeomes of the transfer exercise. 

The transfer acceptance criteria, which are based on method performance and historical data from stability and release re- 
sults, if avaifable, should include the comparabiiity criteria for results from alf study sites. These criteria may be derived using 
statistical principles based on the difference between mean values and established ranges and should be accompanied by an 
estimation of the variability (e.g., perce nt relative standard deviation [%RSD] for each site), partie u la rly for the intermedia te 
precision %RSD of the receMng unit and/or a statistical method for the comparison of the means for assay and content uni¬ 
form ity tests. In instances of impunty testing, where precision may be poorer such as in the case of tracę impurities, a simple 
descriptive approach can be used. Dissolution can be evaluated by a comparison of the dissolution profifes using the similarity 
factor \ 2 or by comparison of data at the specified time points. The laboratories should provide appropriate rationafe for any 
analytical performance charactenstic not included. The materials, reference standards, sam pies, Instruments, and instrumental 
parameters that will be used should be described* 

It is recommended that expired, aged, or spiked samples be carefully chosen and evaluated to identify potential problems 
related to differences in sam ple preparation eguipmenl and to evaluate the impact of potential aberrant results on marketed 
produets. The documentation section of the transfer protocol may include report forms to ensure consfstent recordlng of re¬ 
sults and to improve consistency between laboratories. This section should contain the additional Information that will be in¬ 
duded with the results, such as example chromatograms and spectra, along with additional informalion in case of a deviation* 
The protocol should also expiain how any deviation from the acceptance criteria will be managed. Any changes to the transfer 
protocol following failure of an acceptance critenon mu&t be approved before coilection of additional data. 
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THE ANALYTICAL PROCEDURĘ 

The procedurę should be written with suffrcient detail and explkit instructions, so that a trained analyst can perform it with- 
out difficulty, A pretransfer meeting between the transferring and receiving units is helpful to darify any issues and answer any 
questions regarding the transfer process. If complete or partial validatron data exist, they should be available to the receiving 
unit, along with any technical details reguired to perform the test in ąuestion, In some cases li may be useful for the individu- 
als who were involved with the initial development or validation to be on site durrng the transfer, The number of replicates 
and rnjection sequences in the case of liqufd or gas chromatography should be clearly expressed, and, in the case of dissolu- 
tion testing, the number of individual dosage units should be stipulated. 

TRANSFER REPORT 

When the TAP is successfully completed, the receiving unit should prepare a transfer report that describes the results ob- 
tained in relation to the acceptance criteria, along with conclusrons that confirm that the reeeiving unit is now gualjfied to run 
the procedurę. Any deviations should be thoroughly documented and justrfied, If the acceptance crfteria are met, the TAP is 
successful and the receiving unit is qualified to run the procedurę. Gtherwise, the procedurę cannot be considered transferred 
until effective remedial steps are adopted in order to meet the acceptance criteria. An investigation may provide guidance 
about the naturę and extent of the remedial steps, which may vary from further training and clarrfkation to morę complex 
approaches, depending on the particular procedurę. 


(1225) VALIDATION OF COMPENDIAL PROCEDURES 


Test procedures for assessment of the quality leve!s of pharmaceutical articles are subject to various reguirements, According 
to Section 501 of the Federal Food, Drug, and Cosmetk Act, assays and spedfications in monographs of the United States 
Pharmacopeia and the National Formulary constitute legał standards. The Current Good Manufacturing Practice regulations 
[21 CFR 211,194(9)] require that test methods, which are used for assessing compliance of pharmaceutical articles with estab- 
lished specifications, must meet proper standards of accuracy and rdiability, Also, according to these regulations [21 CFR 
211.194(a)(2)], users of analytical methods described in USP-NFare not reguired to validate the accuracy and reliabfllty of 
these methods, but merely verify their suitabiiity under actual conditions of use, Recognizing the legał status of USP and NF 
standards, it is essential, therefore, that proposals for adoption of new or revised compendial analytical procedures be suppor* 
ted by suffrcient laboratory data to document their vafidky, 

The text of this information chapter harmonizes, to the extent possible, with the Tri partitę International Conference on Har- 
monization (ICH) documents Validation of Analytical Procedures and the Methodology extension text, which are concerned with 
analytical procedures induded as part of registration applications submitted within the EC, Japan, and the USA. 

SUBMISSIONS TO THE COMPENDIA 

Submissions to the compendia for new or revised analytical procedures should contain suffrcient information to enable 
members of the USP Coundl of Experts and rts Expert Committees to evaluate the relative merit of proposed procedures, In 
most cases, evaluations involve assessment of the clarity and completeness of the description of the analytical procedures, de- 
termination of the need for the procedures, and documentation that they have been appropriately vafidated. Information may 
vary depending upon the type of method invofved, However, in most cases a submission will consist of the following sections. 

Rationale 

This section should identrfy the need for the procedurę and describe the capability of the specific procedurę proposed and 
why it is preferred over other types of determinations. For revised procedures, a companson should be provrded of limitations 
of the current compendial procedurę and advantages offered by the proposed procedurę. 

Proposed Analytical Procedurę 

This section should contain a complete description of the analytical procedurę sufficiently detailed to enable persons "skilled 
in the art" to replicate it. The write-up should include all important operational parameters and specific instructions such as 
preparation of reagents, performance of system suitabiiity tests, description of blanks used, precautions, and explicit form u las 
for calcu lation of test results. 
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Data Elements 

This section should provide thorough and complete documentation of the validatk>n of the analytical procedurę. !t should 
include summaries of experimental data and cakulations substantiating each of the applicable analytical performance charac¬ 
teristics. These characteristics are described in the fotlowing section* 

VALIDATION 

Validation of an analytical procedurę is the process by which it is established, by laboratory studies, that the performance 
characteristics of the procedurę meet the requirements for the intended analytical applications. Typical analytical performance 
characteristics that should be considered in the valfdation of the types of procedures described in this document are tisted in 
Tobie 1 . Because opmions may differ with respect to terminology and use, each of the performance characteristics is defined in 
the next section of this chapter, along with a delineation of a typical method or methods by which it may be measured. The 
definitions refer to "test results." The description of the analytical procedurę should define what the test results for the proce¬ 
durę are. As noted in ISO 5725 -1 and 3534-1, a test result is "the value of a characteristic obtained by carrying out a specified 
test method. The test method shoufd spedfy that one or a number of individual measurements be madę, and their average, or 
another appropriate function (such as the median or the standard devration), be reported as the test result. It may aiso require 
standard corrections to be applied, such as correction of gas vo!umes to standard temperaturę and pressure. Thus, a test result 
can be a result calculated from several observed values. fn the simple case, the test result is the observed value itself." A test 
result also can be, but need not be, the finał, reportable value that would be compared to the acceptance criteria of a specifi- 
cation. Validation of physical property methods may invotve the assessment of chemometric models. However, the typical ana- 
iytical characteristics used in method validation can be applied to the methods derived from the use of the chemometric mod¬ 
els. 



The effects of processing conditions and potential for segregation of materials should be considered when obtaining a repre- 
sentative sample to be used for validation of procedures, 

In the case of compendial procedures, revalidation may be necessary in the following cases: a submission to the U5P of a 
revised analytical procedurę; or the use of an established generał procedurę with a new product or raw materiał (see below in 
Dato Elements Reguired for Volidotion). 

The ICH documents give guidance on the necessity for revalidation in the following circumstances: changes in the synthesis 
of the drug substance; changes in the composition of the drug product; and changes in the analytical procedurę, 

Chapter (1225) is intended to provide Information that is appropriate to validate a wide rangę of compendial analytical pro¬ 
cedures, The validation of compendial procedures may usesome or all of the suggested typical analytical characteristics used 
in method validation as outlined in Table 1 and categorized by type of analytical method in Table 2* For some compendial 
procedures the fundamenta! principles of vaiidation may extend beyond characteristics suggested in Chapter (1225), For these 
procedures the user is referred to the individua! compendial chapter for those specific analytical validation characteristics and 
any specific validation regulrements. 


Analytical Performance Characteristics 

ACCURACY 

Definition—The accuracy of an analyticaf procedurę is the closeness of test results obtained by that procedurę to the true 
value. The accuracy of an analytical proceduro should be established across its rangę. [A notę on terminology: The definition of 
accuracy in (1225) and ICH Q2 corresponds to unbiasedness only, In the International Vocabulary of Metrology (VfM) and 
documents of the International Organization for Standardization (ISO), "accuracy" has a different meaning. In ISO, accuracy 
combines the concepts of unbiasedness (termed "trueness") and precision*] 

Determination—In the case of the assay of a drug substance, accuracy may be determined by application of the analytical 
procedurę to an analyte of known purity (e,g., a Reference Standard) or by comparison of the results of the procedurę with 
those of a second, well-characterized procedurę, the accuracy of which has been stated or defined. 
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In the case of the assay of a drug in a formulated product, accuracy may be determined by appJicatfon of the analytical 
procedurę to synthetic mixtures of the drug product components to which known amounts of analyte have been added within 
the rangę of the procedurę, If it is not possible to obtain samples of afl drug product components, it may be acceptabfe either 
to add known guantities of the analyte to the drug product (Łe., "to spike") or to compare results wfth those of a second, weEL 
characterized procedurę, the accuracy of which has been stated or defined, 

In the case of quantitative analysis of impurities, accuracy should be assessed on samples (of drug substance or drug prod¬ 
uct) spiked with known amounts of impurities, Where it is not possible to obtain samples of certain impurities or degradation 
Products, results should be compared with those obtatned by an independent procedurę. In the absence of other Information, 
it may be necessary to calcu la te the amount of an impurity based on comparison of its response to that of the drug substance; 
the ratio of the responses of equal amounts of the impurity and the drug substance (relative response factor) should be used if 
known* 

Accuracy is calculated as the percentage of recovery by ;he assay of the known added amount of analyte in the sample, or 
as the difference between the mean and the accepted true value, together with confidence intervals. 

The ICH documents recommend that accuracy should be assessed using a minimum of nine determinations over a mini¬ 
mum of three concentration levels, covering the specified rangę (i.e., three concentratEons and three repficates of each con¬ 
centration), 

Assessment of accuracy can be accomplished in a variety of ways, induding evaluating the recovery of the analyte (pereent 
recovery) across the rangę of the assay, or evaluating the linearity of Lhe relationship between estimated and actual concentra- 
tions. The statistically preferred criterion is that the confidence interva! for the slope be contained in an interyal around 1.0, or 
alternatively, that the slope be close to 1.0. In either case, the interval or the definition of closeness should be specified in the 
validation protocoL The acceptance criterion will depend on the assay and its variability and on the product Setting an ac* 
cep tance criterion based on the lack of statistical significance of the test of the nuli hypothesis that the slope is 1 *0 is not an 
acceptabfe approach, 

Accuracy of physical property methods may be assessed through the analysis of standard reference materials, or aiternative* 
ly, the suitabtllty of the above approaches may be considered on a case-by-case basis. 

PRECISION 

Definition—The precision of an analytical procedurę is the degree of agreement among individual test results when Lhe 
procedurę is applied repealedly to multiple samplmgs of a homogeneous sample. The precision of an analytical procedurę is 
usually expressed as the standard deviation or relative standard deviation (coefficient of variation) of a series of measurements. 
Precision may be a measure of either the degree of reproducibility or of repeatability of the analytical procedurę under normal 
operating conditions. In this context, reproducibility refers to the use of the analytical procedurę in different laboratories, as in 
a collaborative study, Intermediate precision (also known as ruggedness) expresses within-faboratory variatron, as on different 
days, or with different analysts or eguipment within the same laboratory, Repeatability refers to the use of the analytical proce¬ 
durę within a laboratory over a short period of time using the same analyst with the same equipment 

Determination—The precision of an analytical procedurę is determined by assaying a sufficient number of aliquots of a ho¬ 
mogeneous sampEe to be able to calculate statistically valid estimates of standard deviation or re!ative standard deviation (coef¬ 
ficient of variation), Assays in this context are independent anaiyses of samples that have been carried through the complete 
analytical procedurę from sample preparation to finał test r esu!t. 

The ICH documents recommend that repeatability shoud be assessed using a minimum of nine determinations covering the 
specified rangę for the procedurę (i,e., three concentrations and three replicates of each concentration) or using a minimum of 
six determinations at 100% of the test concentration. 


SPECIFICITY 

Definition—The ICH documents define specificity as the ability to assess unequivocaliy the analyte in the presence of com* 
ponents that may be expected to be present, such as impurities, degradation products, and matrix components. Lack of spe¬ 
cificity of an mdividuat analytical procedurę may be compensated by olher supporttng analytical procedures. [Notę—O ther 
reputable international authorities (IUPAC, AOAC-I) have preferred the term "seJectivity," reserving "specEficity" for those pro¬ 
cedures that are completely selective,j For the tests discussed below, the above definition has the foilowing implications: 

Identification Tests: ensure the identity of the analyte, 

Purity Tests: ensure that all the analytical procedures performed allow an accurate statement of the content of impurities 
of an analyte (e.g., related substances test, heavy metals limit, organie volatile impurities), 

Assays; provide an exact result, which allows an accurate statement on the content or potency of the analyte in a sample, 

Determination—In the case of qua!itative anaiyses (Identification tests), the ability to select between compounds of closely 
related stmeture that are likely to be present should be demonstrated, This should be confirmed by obtaining posrtive results 
(perhaps by comparison to a known reference materiał) from samples containing the analyte, coupled with negative results 
from samples that do not contain the analyte and by confirming that a positive response is not obtained from materials struć* 
turally similar to or ctosely related to the analyte. 
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fn the case of analytical procedures for impurities, specifidty may be established by spikrng the dróg substance or product 
with approprlate !evels of Impurities and demonstrating that these impurities are determined with appropriate accuracy and 
precision. 

In the case of the assay, demonstration of specifidty requires that it can be shown that the procedurę is unaffected by the 
presence of impurities or exdpients. In practice, this can be done by spiking the drug substance or product with appropriate 
levels of impurities orexcipients and demonstrating that the assay result is unaffected by the presence of these extraneous 
materiafs* 

If impurity or degradation product standards are unavailabie, specificity may be demonstrated by comparfng the test results 
of samples contatning impurities or degradation products to a second well-charactemed procedurę (e.g., a Pharmacopeia! or 
other validated procedurę)* These comparisons should include samples stored under relevant stress conditions (e.g., light, 
heat, humidity, add/base hydrolysis, and oxidation). In the case of the assay, fhe results should be compared; in the case of 
chromatographic impurity tests, the impurity profiles should be compared* 

The fCH documents State that when chromatographic procedures are used, representative chromatograms should be pre- 
sented to demonstrate the degree of selectMty, and peaks should be appropriately iabeled. Peak purity tests (e.g., ustng diodę 
array or mass spectro metry) may be useful to show that the analyte chromatographic peak is not attributable to morę than 
one component 

For validation of specificity for qualitative and quandtative determinations by spectroscopic methods, chapters related to 
topics such as near-infrared spectrophotometry, raman spectroscopy, and X-ray powder diffraction should be consulted. 

DETECTfON LIMIT 

Definition—The detection limit is a characteristic of limit tests. It is the lowest amount of analyte in a sample that can be 
detected, but not necessarily quantitated, under the stated experimental conditions. Thus, limit tests merely substantiate that 
the amount of analyte is above or below a certain level. The detection limit is usually expressed as the concentration of analyte 
(e.g., percentage, parts per billion) in the sample. 

Determination—For noninstrumental procedures, the detection limit Is generaliy determined by the analysis of samples 
with known concentrations of analyte and by establishing the minimum leve! at which the analyte can be reliably detected. 

For instrumental procedures, the same approach may be used as for noninstrumental procedures* In the case of procedures 
submitted for consideration as official compendial procedures, it is almost never necessary to determine the actual detection 
limit, Rather, the detection limit is shown to be sufflciently Iow by the analysis of samples with known concentrations of ana¬ 
lyte above and below the regulred detection level. For example, if it is regulred to detect an impurity at the leve! of 0*1 %, it 
should be demonstrated that the procedurę will reliably detect the impurity at that leveL 

!n the case of instrumental anaiytlcal procedures that exhibit background noise, the ICH documents describe a common ap¬ 
proach, which is to compare measured signals from samples with known Iow concentrations of analyte with those of blank 
samples. The minimum concentration at which the analyte can reliably be detected is established* Typically acceptable signal- 
to-noise ratios are 2:1 or 3:1. Other approaches depend on the determination of the slope of the calibration curve and the 
standard devialion of responses. Whatever method is used, the detection limit shoufd be subsequentty validated by the analy¬ 
sis of a suitable number of samples known to be near, or prepared at, the detection limit 

QUANTITATION LIMIT 

Definition—The quantitat!on limit is a characteristic of quantltative assays for Iow levels of compounds in sample matrlces, 
such as impurities In bulk drug substances and degradation products in finished pharmaceuticals. it is the lowest amount of 
analyte fn a sample that can be determined with acceptable precision and accuracy under the stated experimental conditions, 
The quantitation limit is expressed as the concentration of analyte (e.g., percentage, parts per billion) In the sample. 

Determination—For noninstrumental procedures, the quantitation limit is generaliy determined by the analysis of samples 
with known concentrations of analyte and by establishing the minimum levd at which the analyte can be determined with 
acceptable accuracy and precision. 

For Instrumental procedures, the same approach may be used as for noninstrumental procedures. In the case of procedures 
submitted for consideration as official compendial procedures, it is almost never necessary to determine the actual quantitation 
limit. Rather, the guantitation limit is shown to be sufficiently Iow by the analysis of samples with known concentrations of 
analyte above and below the quantitation level. For examp!e, if it is required that an analyte be assayed at the !evel of 0.1 mg 
per tablet, it should be demonstrated that the procedurę wili reliably quantitate the analyte at that fevel. 

In the case of instrumental analytical procedures that exhrbit background noise, the ICH documents describe a common ap¬ 
proach, which Is to compare measured signals from samples with known Iow concentrations of analyte with those of blank 
samples. The minimum concentration at which the analyte can reliably be quantified is established. A typically acceptable sig- 
nal-to-noise rado is 10:1, Other approaches depend on the determination of the slope of the calibration curve and the stand¬ 
ard deviation of responses. Whatever approach is used, the guantitation limit should be $ubsequently va!idated by the analysis 
of a suitable number of samples known to be near, or prepared at, the guantitation limit* 
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LINEARITY AND RANGĘ 

Definition of Linearity—The linearity of an analytical procedurę is its ability to elicit test results that are directly, or by a 
well-defined mathematical transformation, proportional to the concentration of analyte in samples within a given rangę- Thus, 
in thls section, "linearity" refers to the linearity of the relationship of concentration and assay measurement. In some cases, to 
attaln linearity, fhe concentration and/or the measurement may be transformed. (Notę that the weighttng factors used in the 
regression analysis may change when a transformation is applied.) Possible transformations may incfude log, square root, or 
reciprocal, although other transformations are acceptable. If linearity is not attainable, a nonlinear model may be used. The 
goal is to have a model, whether linear or nonlinear, that describes closely the concentration-response relationship. 

Definition of Range—The rangę of an analytical procedurę is the interval between the upper and lower levels of analyte 
(induding these leve!s) that have been demonstrated to be determined with a suitable level of precision, accuracy, and lineari¬ 
ty using the procedurę as written. The rangę is normally expres$ed in the same units as test results (e.g., percent, parts per 
million) obtained by the analytical procedurę. 

Determinatlon of Linearity and Rangę—Linearity should be established across the rangę of the analytical procedurę. It 
Should be established initially by vi$ual examination of a plot of signals as a function of analyte concentration of eon tent If 
there appears to be a linear relationship, test results should be established by appropriate statistical methods (e.g., by calcula- 
tion of a regression linę by the method of least squares). Data from the regression linę itself may be helpful to provide mathe- 
matical estimates of the degree of linearity, The correJation coefficient, y-mtercept, slope of the regression linę, and residual 
sum of squares should be submitted, 

The rangę of the procedurę Is va li da ted by verifying that the analytical procedurę provides acceptable precision, accuracy, 
and linearity when applied to samples containing analyte at the extremes of the rangę as well as within the rangę, 

ICH recommends that, for the establishment of linearity, a minimum of five concentrations normally be used, It is also rec- 
ommended that the following minimum specified ranges should be considered; 

Assay oto Drug Substance (ora finished product): from 80% to 120% of the test concentration. 

Determinathn ofan Impurity: from 50% to 120% of the acceptance criterion. 

For C ontent Uniformity: a minimum of 70% to 1 30% of the test concentration, unfess a wlder or morę appropriate rangę 
based on the naturę of the dosage form (e.g., metered-dose inhalers) is justified. 

For Dissolution Testing: ±20% over the specified rangę (e.g., if the acceptance enteria for a controlled-release product cov- 
er a region from 30%, after 1 hour, and up to 90%, after 24 hours, the valldated rangę would be 10% to 110% of the label 
claim), 

The traditional definition of linearity, Le., the establishment of a linear or mathematica! relationship between sample concen¬ 
tration and response, ts not applicabie to particie size analysis. For particie size analysis, a concentration rangę is defined (in¬ 
strument- and particie size-dependent) such that the measured particie size distribution is not affected by changes in concen¬ 
tration within the defined concentration rangę. Concentrations below the defined concentration rangę may introduce an error 
due to poor signal-to-noise ratio, and concentrations exceeding the defined concentration rangę may introduce an error due 
to multiple seattering. 


ROSUSTNES5 

Definition—The robustness of an analytical procedurę is a measure of its capacity to remaln unaffected by smali but delib- 
erate variations In procedural parameters llsted in the procedurę documentation and provides an indication of its suitability 
during normal usage. Robustness may be determined during development of the analytical procedurę. 

SYSTEM SUITABILITY 

If measurements are susceptible to variations in analytical conditions, these should be suitably controlled, or a precautionary 
statement should be induded in the procedurę. One consequence of the evaluation of robustness and ruggedness should be 
that a series of system suitability parameters is established to ensure that the validity of the analytical procedurę is maintained 
whenever used. Typical variatlons are the stability of analytical Solutions, different equipment, and different analysts, In the 
case of liquid chromatography, typical variations are the pH of the mobile phase, the mobile phase composition, different lots 
or suppliers of columns, the temperatura, and the flow ratę. In the case of gas chromatography, typical variations are different 
lots or suppliers of tolumns, the temperaturę, and the flow ratę. 

System suitability tests are based on the concept that the eąuipment, electronics, analytical operations, and samples to be 
analyzed constltute an Integral system that can be evaluated as such. System suitability test parameters to be established for a 
particular procedurę depend on the type of procedurę being evaluated. They are especially important in the case of chromato- 
graphic procedures. Submissions to the USP should make notę of the requirements under the System Suitability section in the 
generał test chapter Chromatography (621). 
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Data Elements Required for Validat£on 

Compendial test requirements vary from highly exacting analytical determinations to subjective evaltiation of atlributes. 
Consldering this broad variety, it is only logical that different test procedures require different validation scbemes. This chapter 
covers only the most common eategories of tests for which yalidatlon data should be required. These categories are as follows: 

CATEGORY I 

Analytical procedures for quantitation of major components of buik drug substances or active ingredients (including preser- 
vadves) in finished pharmaceutical products. 


CATEGORY II 

Analytical procedures for determination of impurities in bulk drug substances or degradation compounds in finished phar¬ 
maceutical products. These procedures include quantitative assays and limit tests. 

CATEGORY III 

Analytical procedures for determination of performance characteristics (e.g., dtssolution, drug refease, etc.)* 

CATEGORY IV 

Identification tests. 

For each category, different analytical information is needed. Listed in Tobie 2 are data elements that are nomnally required 
for each of these categories. 


Table 2, Data Elements Reguired for Vahdation 


Analytical 

Performance 

Characteristics 

Category 1 

Category U 

Category III 

Category IV 

Quantitative 

LimitTests 

Accuracy 

Yes 

Ym 

* 

- 

No 

Prędsi on 

Yes 

Yes 

No 

Yes 

No 

S pedli city 

Yes 

Yes 

Yes 

#■ 

Yes 

Detectłon Limit 

No 

No 

Yes 

* 

No 

Quantitation Limit 

No 

Yes 

No 

* 

No 

Linearity 

Yes 

Yes 

No 

* 

No 

Rangę 

Yes 

Yes 

* 

* 

No 


* May be requirecL depending on the naturę of Łhe spectfic test. 


Already established generał procedures (e.g., titrimetric determination of water, bacterial endotoxins) should be verified to 
establish their suitability for use, soch as their accuracy (and absence of possible interference) when used for a new product or 
raw materiał. 

When yalldating physical property methods, consider the same performance characteristics required for any analytical pro¬ 
cedurę. Evaluate use of the performance characteristics on a case-by-case basis, with the goal of determining that the proce¬ 
durę is suitable for its intended use. The specific acceptance criteria for each validation parameter should be consistent with 
the intended use of the method, 

Physical methods may also be classified into the four vali'dation categories. For example, validation of a quantitative spectro- 
scopic method may involve evaluation of Category I or Category II Analytical Performance Characteristics , depending on the 
method requirements. Qualitative physical property measurements, such as particie size, surface area, bulk and tapped densi- 
ty, which couid impact performance characteristics, often best fit in Cotegory ///. Category IV Analytical Performance Charactens¬ 
tics usually applies to validatron of qualltative Identification spectroscopic methods, However, the various techniques may be 
used for different purposes, and the specific use of the method and characteristics of the materia! being anatyzed should be 
considered when definitively applying a category to a particular type of method. 

The valEdity of an analytical procedurę can be verlfled only by laboratory studies. Therefore, documentation of the successful 
completion of such studies is a basie requirement for determining whether a procedurę is suitable for its intended applica- 
tion(s). Current compendial procedures are also subject to regulations that requtre demonstration of suitability under actual 
conditions of use (see Verifkation of Compendial Procedures (1226) for principles relative to the verif kation of compendial pro¬ 
cedures), Appropriate documentation should accompany any proposal for new or revised compendial analytical procedures. 
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(1226) VERIFICATION OF COMPENDIAL PROCEDURES 


The intent of this generał Information chapter is to provide generał Information on the yerification of eompendial procedures 
that are being performed for the first time to yiełd acceptable results utllizing the personnel, equlpment, and reagents availa- 
ble. This chapter Is not intended for retroactive application to aiready successfully established laboratory procedures. The chap¬ 
ter Validotfon of Compendhl Procedures (1225) provides generał information on characteristics that should be considered for 
yarious test tategorres and on the documentation that shoułd accompany analytical procedures submitted for mclusion in 
USP-NF. yerification consists of assessing seiected analytical performance characteristics, such as those that are described in 
chapter (1225), to generate appropriate, reievant data rather than repeating the validation process. 

Users of eompendial analytical procedures are not required to yalidate these procedures when first used in their laboratories, 
but documented eyidence of suitability should be established under actual conditions of use. In the United States, this require- 
ment is established in 21 CFR 211*194(a)(2) of the current Good Manufacturing Practice regulations, whfch States that the 
"suitability of alf testing methods used shall be yerified under actual conditions of use/' 
yerification of microbiological procedures is not covered in this chapter because it is covered in USP generał test chapters 
Antimkrobial Effectiveness Testing (51), Microbiological Examination of Nonstenle Products: Micmbial Enumeration Tests (61), Mi- 
crobiohgicai Examinotion ofNonsterile Products: Tests for Specified Microorganisms (62), Sterillty Tests (71), and in generał Infor¬ 
mation chapter Vafidation of Mkrobiaf Recovery from Pharmacopeial Artides (1227). 

YERIFICATION PROCESS 

The yerification process for eompendial test procedures is the assessment of whether the procedurę can be used for its inten¬ 
ded purpose, under the actual conditions of use for a specified drug substance and/or drug product matrix, 

Users should have the appropriate experience, knowledge, and training to understand and be able to perform the compen- 
dial procedures as written. Veriffcation should be conducted by the user such that the results will provide confidence that the 
eompendial procedurę will perform suitably as intended. 

lf the yerification of the eompendial procedurę is not successful, and ass i stance from USP Staff has not resolved the problem, 
it may be concluded that the procedurę may not be suitable for use with the article being tested in that laboratory. It may 
then be necessary to develop and yalidate an altemate procedurę as allowed rn the General Notices. The alternate procedurę 
may be submitted to USP, along with the appropriate data, to support a proposai for inclusion or replacement of the current 
eompendial procedurę. 


VERIFICAT10N REQUIREIYIENTS 

Ver[fication requirements should be based on an assessment of the complexity of both the procedurę and the materiał to 
which the procedurę is applied. Although complete reyalidation of a eompendial method is not reguirecl to verify the suitabili- 
ty of a procedurę under actual conditions of use, some of the analytical performance characteristics listed in chapter (1225), 
Table 2, may be used for the yerification process. Only those characteristics that are considered to be appropriate for the yerifi¬ 
cation of the particular procedurę need to be evaluated. The process of assessing the suitability of a eompendial analytical test 
procedurę under the conditions of actual use may or may not reguire actual laboratory performance of each analytical per¬ 
formance charatteristie. The degree and extent of the yerrication process may depend on the level of training and experience 
of the user, on the type of procedurę and its associated eguipment or instrumentation, on the specific procedura! steps, and 
on which article(s) are being tested. 

yerification should assess whether the eompendial procedurę is suitable for the drug substance and/or the drug product ma- 
trix, ta king into account the drug substance r s synthetic route, the method of m an uf ac turę for the drug product, or both, if 
applicable. Verification should include an assessment of elements such as the effect of the matrix on the recovery of impurities 
and drug substances from the drug product matrix, as well as the suitability of chromatographlc conditions and column, the 
appropriateness of detector signal response, etc. 

As an example, an assessment of specificity is a key parameter in verifying that a eompendial procedurę is suitable for use in 
assaying drug substances and drug produets. For instance, acceptable specificity for a chromatographic method may be veri- 
fied by conformance with system suitability resolution reguirements (if specified in the procedurę). Howeyer, drug substances 
from different suppliers may have different impurrty profiles that are not addressed by the eompendial test procedurę. Similar* 
ły, the excipients in a drug product can vary widely among manufacturers and may have the potential to directly interfere with 
the procedurę or cause the formation of impurities that are not addressed by the eompendial procedurę. In addition, drug 
produets containing different exdpients, antkmdants, buhers, or Container extractives may affect the recovery of the drug 
substance from the matrix. In these cases, a morę thorough assessment of the matrix effects may be required to demonstrate 
suitability of the procedurę for the particular drug substance or product. Other analytical performance characteristics such as 
an assessment of the limit of detection or quantitation ano precislon for impurities procedures may be useful to demonstrate 
the suitability of the eompendial procedurę under actual conditions of use. 
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Yerification is not reguired for basie compendial test procedures that are routinely performed unless there is an indication 
that the compendial procedurę is not appropriate for the article under test. Examples of basie compendial procedures includą 
but are not limited to, loss on drying, residue on ignition, various wet Chemical procedures such as acid value, and simple 
instrumental determinations soch as pH measurements, However, for the application of already established routine procedures 
to compendial articles tested for the first time, it is recommended that consideration be given to any new or different sample 
handling or solution preparation requirements. 


(1227) VALIDATION OF MICROBIAL RECOVERY FROM 
PHARMACOPEIAL ARTICLES 


This chapter proyides guidelines for the yalidation of methods for the estimation of the number of viable microorganisms, 
for the detection of indicators or objectionable microorganisms, for the yalidation of microblological methods used fn antimi- 
crobial effectiveness testing, and for the sterility testing of Pharmacopetal articles. It is generally understood that if a product 
possesses antimicrobial properties because of the presence of a spedfic preservative or because of its formuł ation, this antimi- 
crobial property must be neutralized to recover viable microorganisms. This neutralization may be achieved by the use of a 
specific neutralizer, by dilution, by a combination of washing and dilution, or by any combination of these methods. 

The tests under Antimicrobtal Effeetivenes$ Testing <51), Sterility Tests (71X and Microbial Enumeration Tests (61) and Tests for 
Specified Miaoorgonisms (62) require the yalidation of recoyery methods. To ensure that the results of the tests are credible, 
neutralization of antimicrobial properties of the test solution is reguired before estimating the number of vtable mreroorgan- 
isms. 

INFLUENTIAl FACTORS 

Several factors affect the measurement of a test sofutiorTs antimicrobial actiwty, and these must be constdered in the yalida¬ 
tion design, They include the naturę of the microorganisms used as challenge organisms, the preparatton of the inoculum of 
chatlenge organisms, the specific conditions of the test, and the conditions of recovery. These factors afso affect the yalidation 
of recovery methods for aqueous or nonagueous products, irrespective of their antimicrobial properties; thus, all test methods 
should be yalidated wtfh these factors in mind. 

The naturę of the challenge mitroorgamsm exerts a strong effect upon the response to the antimicrobial agent, and so upon 
the neutralization reguired for recovery. Represented among these organisms in compendial tests are Gram-positive bacteria, 
Gram-negative bacteria, yeasts, and molds. Each organism to be used in the test must be tncluded in the yalidation. 

The preparation of the inoculum of challenge microorganisms also affects the testing of products having antimicrobial prop¬ 
erties. The growth and preparation of the challenge organism determines the physiological State of the celi. This State has a 
direcl influence on the results of any test of antimicrobial efficacy. Microbial tests do not use individual cells; rather, popula- 
tions of cells are harvested for study. The data generated from these studies are less variable if the celi populations are homo- 
geneous. Liquid cultures or confluent growths on solid medium are best suited for reproducible culture preparation, The con- 
ditrons of organism preparation and storage must be standardized for the neutraiizer evaluation and should reflect the condi¬ 
tions of the antimicrobial assay. 

The specific conditions of the test, including buffers used, water, light conditions, and temperaturę, must be reproduced in 
the yalidation study. All test conditions also should be standardized and performed In the yalidation study exactly as per¬ 
formed in the test. 

The conditions of microbial recovery are among the most crudal in accurately estimating the number of microorganisms 
present in a test solution. The first consideration is the recovery medium used to support the growth of survivors. This concern 
is discussed tn detail below. The second consideration is the ineubation conditions, Optimal conditions for growth must be 
present to ensure complete growth and reproducible resulLs, 

METHODS OF NEUTRALIZING ANTIMICROBIAL PROPERTIES 

Three common methods are used to neutralize antimicrobial properties of a product: (1) Chemical inhibition, (2) dilution, 
and (3) filtration and washing. 


Chemical Inhibition 

Tobie 1 shows known neutralizers for a yariety of chemica antimicrobial agents and the reported toxicity of some Chemical 
neutralizers to specific microorganisms. However, despite potentiaf toxjcity, the convenience and quick actlon of Chemical in- 
hlbitors encourage their use. Chemical inhibition of bactericides is the preferred method for the antimicrobial efficacy test, The 
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potential of Chemical inhibitors should be considered In the membrano filtration and the direct transfer sterility tests* Antibiot- 
ics may not be susceptible to neutralization by Chemical means, but rather by enzymatic freatmenl (e.g., pemcillinase), These 
enzymes may be used where required* 


Table 1. Some Common Neutralizer; for Chemical Bioddes 


Neutralizer 

Biocide Class 

Potential Action of BEocides 

Bisulfate 

Glutaraldehyde. Mercunals 

Non-Sponng Bacteria 

Dilution 

Phertolics, Atcohol, Aldehyd es, Sorbate 

— 

Glycine 

Aldehyd es 

Growing Cells 

Lecitbin 

Quaternary Ammonium Compounds (QACs), 

Para b en s, Bis-biguanides 

Bacteria 

Mg +1 or Ca ’' 2 ions 

EDTA 

— 

Polysorbate 

QACS, lodine, Pa rabem 

— 

Thioglyeollate 

Mercu rials 

Staphybcocd and Spores 

Thiosulfate 

Mercu hals, Ha la gem, Aldehyd es 

Staphyloeocci 


Dilution 

A second approach to neutralizing antimicrobial properties of a product is by dilution, because the concentration of a Chem¬ 
ical bactericide exerts a farge effect on its potency. The refationship between concentration and antimicrobial effect differs 
among bactericidal agents but is constant for a particular antimicrobial agent. This relationship is exponential in naturę, with 
the generał formula: 

Ot - k 

in which C is the concentration; t is the ttme required to kil) a standard inoculum; k is a constant; and the concentration expo- 
nent, rj, is the slope of the plot of log t ver$us log C. Antimicrobial agents with high q values are rapidly neutralized by dilu- 
tion, whereas those with Iow x\ values are not good candidates for neutralization by dilution. 

Membranę Filtration 

An approach that is often used, especially in sterility testlng, is neutralization by membranę filtration, This approach reties 
upon the physical retention of the microorganism on the membranę filter, with the antimicrobial agent passing through the 
filter into the fil tratę* The fiiter is then ineubated for recovery of viable microorganisms. However, filtration alone may not re- 
move suffident quantities of the bactericidaf agent to allow growth of surviving microorganisms. Adherence of residua! antimi¬ 
crobial agents to the filter membranę may cause growth inhibition. Filtration through a low-binding filter materiał, such as 
polyvinylidene difluoride, helps to minimize this growth inhibition. Additionally, the preservative may be diluted orflushed 
from the filter by rinsing with a benign fluid, such as diiuting Fluid A (see Diluting and Rinsing Ffuids for Membranę Filtration 
under Sterility Tests (71) for diluting fluid compositions). Chemical neutralizers in the rinsing fluid can ensure that any antimi¬ 
crobial residue on the membranę does not interfere with the recovery of vlable microorganisms. 

VALIDATION OF NEUTRALIZATION METHODS—RECOVERY COMPAR1SONS 

A validated method for neutralizing the antimicrobial properties of a product must meet two criteria: neutralizer efficacy and 
neutralizer toxicity. The validation study documents that the neutralization method emptoyed is effective in inhibiting the anti¬ 
microbial properties of the product (neutralizer efficacy) willi out impatring the recovery of viable microorganisms (neutralizer 
toxicity). Validation protocols may meet these two criteria by comparing recovery results for treatment groups* 

The first is the test group, in which the product is subjected to the neutralization method, then a Iow level of challenge 
microorganism [less than 100 coJony-forming units (cfu)] is inoculated for recovery. The second is the peptone control group, 
rn which the neutralization method is used with peptone, or diluting Fluid A (see Sterility Tests (71)), as the test solution. The 
third is the vlability group, in which the actual inoculum is used without exposure to the neutralization scheme. Similar recov- 
ery between the test group and the peptone group demonstrates adequate neutralizer efficacy; similar recovery between the 
peptone group and the viabi!ity group demonstrates adequate neutralizer toxicity* 

In principie, the protocol must show that recovery of a Iow inoculum (less than 100 cfu) is not inhibited by the test sample 
and the neutralization method. Validation protocols may meet these two criteria by comparing recovery among three distinct 
test groups: (1) neutralized product with inoculum, (2) challenge inoculum control in buffered solution, and (3) inoculum in 
the absence of product or neutralizer. This can be estabNshed by directly comparing the result in the treated solution (1) to the 
inoculum (3) above. If the growth on the treated sofution is not comparable to the growth on the inoculum group, it should 
be determined whether the neutralization method itseif is toxic to the microorganisms* 
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Recovery on Agar Medium 

Jn the tests under Antimicrobiof Effectiveness Testing <51; and Microbia! Enumerotion Tests <61 ) and Tests for Spedfied Microor¬ 
ganisms <62), the number of viable challenge microorganisms In the product is estimated at various time intervals by calculat- 
ing the concentration of cfu per ml by the piąte count method. A design for yalidating neutralization would incorporate the 
treatment groups as described under Validation of Neutraliżation Methods—Hecovery Comparisons. At least three independent 
repiicates of the expenment should be performed, and each should demonstrate that the average number of cfu recovered 
from the challenge product is not less than 70% of that recovered from the inoculum control. 

If a greater number of repiicates is reguired in the yafidation study, the comparisons may be evaluated by transforming the 
numbers of cfu to their logarithmic values and analyzing the data statistically by the Student t test (pairwise comparisons) or 
by analysis of yanance (ANOVA) (for comparing a!l groups). If ANOVA is used, and signiflcant differences among the popula- 
tions are determined, a test such as DunnetLs test may be used, with the peptone group used as the control group. 

Recovery by Membranę Filtration 

This yalidation follows the procedurę described for Validation Test under Sterility Tests (71), with the exception of platmg on 
solid medium to quantitate recovery, Three 100-mL rinses are assumed, but the yolume and number of rinses are subject to 
yalidation. Each validation run should be performed independently at least three times. 

In the test solution group, the product Is fiftered through the membranę filter, followed by two 100-mL portions of diluting- 
neutralizing fluid, After the second rinse has been filtered, a finał 100-mL portion containing less than 100 cfu of the specific 
challenge microorganism is passed through the filter. This filter is then pJaced on the appropriate agar recoyery medium and 
incubated for recovery. 

The inoculum is directly piated onto the solid medium. It is possible that filtration will lead to reduced recoyery of the chal¬ 
lenge microorganism, either through inherent toxicity of the membrana or by adherence of the microorganism to the filtration 
yessel walls, A control group can be used to eyaluate this component of membranę filtration yalidation. Diluting Fluid A is used 
as the dilution medium without exposing the filter to the product, After addition of the low-level inoculum to the finał rinse, 
the filter is piated as above, Techmque-spedfic loss of microorganisms can be estimated by comparing the recovery in the di¬ 
luting Fluid A group to the inoculum count. 

It is assumed in this discussion that the test sample can be filtered. If rt is necessary to solubilize the test sample, the effects 
of the solubifization method on viable microorganrsms musi be determined. This situation can occur when testing omtments, 
suspensions, or other articles. 

The method can be considered yalidated if the recoyery ratę in the three independent repiicates is simiiar for the test soiu- 
tion and the diluting Fluid A control. 


Recovery in Liquid Medium 

It is assumed in Dlrect Inoculation of the Culture Medium in the section Test for Sterility of the Product to be Examined under 
SterWty Tests <71 > that the recoyery medium will allow for growth of ail surviving mkroorganisms. The broth in that test must 
serve both to neutrallze any antimlcrobial properties of the test solution and to support the growth of the microorganisms. 

The treatment groups described under Va!idotion of Neutralization Methods—#ecovery Comparisons above can be used for vaii- 
dation of the recoyery method, with the proportions of product and recoyery medium vaned to achieve adequate neutraliza¬ 
tion. The method can be considered yalidated if all groups show copious growth within 7 days for all microorganisms, 

RECOVERY OF INJURED MICROORGANISMS 

The yalidation studies described above use challenge microorganisms that have never been exposed to antimicrobia! agents, 
and thus are not identical to organisms seen in antimtcrobial effectiveness testing or when a sterility test is performed on a 
preserved product If the use of alternative media is desired, the recoyery of injured microorganisms should be addressed in 
the yalidation study. This may be done by directly comparing the recoyery of each challenge microorganism on the preferred 
medium and on the alternatiye medium, after exposure to the product, This exposure should Indude at least two time penods 
showing survival of less than 100 cfu per mL, unless the ratę of kill of the antimicrobia! agent is such that no recoyery is possi¬ 
ble even if the microorganism is piated within minutes of exposure ł This comparison should be performed at least three times. 
The alternatiye medium is yalidated if the recoyery seen on that medium is no less than that seen on the preferred medium, 
within an error of 0.5 log units. 

ESTIMATING THE NUMBER OF COL0NY-F0RMING UNITS 

The accuracy of any estimate of viable cfu is affected by the number piated. As the number of viable cells piated Increases, 
crowding effects decrease the accuracy of the count, reducing the estimate. As Lhe number decreases, random error plays an 
increasing role in the estimate. 
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The accepted rangę for counlable colonies on a standard agar piąte is between 25 and 250 for most bactena and Candida 
albicans, This rangę was established in the food industry for counting cofiform bacteria in milk. This rangę is acceptable for 
tompendial organisms, except for fungi. ft is not optrmal r 'or counting all environmental isolates. The recommended counting 
rangę for Aspergiffus nlger is between 8 and 80 cfu per piąte. The use of membranę filtration to recover challenge microorgan¬ 
isms, or the use of environmental isolates as challenge microorganisms In antimicrobial effectiveness testing, requires valida- 
tion of the countable rangę. This validation may be performed by statisticat comparison of estimated cfu from successive pairs 
in a dilution senes. Prepare a suspension so that plating will provide approximatdy 1000 cfu per piąte, and then dilute twofotd 
to a theoretical concentration of approximately 1 cfu per piąte. Platę all diłutions in the series in duplicate, and incubate for 
recovery under the conditions of the Antimicrobial Effectiveness Testing (51 }. Compare the estimates of cfu per ml from paired 
tubes in the dilution series by the formula: 

iL^I.96 

+ H d U 


jZI-cu 


in which L cfu is the number of colonies on the piąte with the lower count (greater dilution), and H tfu is the number of colonies 
on the piąte with the higher count (lesser dilution). The estimates of the cfu per ml provided by l du and H cfu shouid agree 
withln the limits of the formula with a criticai value of 1.96. The upper limit of piąte counts Is then defined as the number 
(H cłli ) that reprodudbly passes this test. This study should be tndependently repeated a sufficient number of times to establish 
an upper limit of cfu for the particular plating conditions. 

There is a lower limit at which the ability of the antimicrobial effectiveness test to recover microorganisms becomes untena- 
bie. If the first plating is performed with T mL of a 10- 1 dilution, cfu in the rangę of 1 to 10 per mL would not be seen. On this 
dilution plating, only the lower number of cfu may be reduced to X allowing as few survivors as 30 cfu per mL to be reported. 

Lower counting thresholds for the greatest dilution plating in series must be justified. Numbers of colonies on a piąte folfow 
the Poisson distribution, so the variance of the mean value eguais the mean value of counts. Therefore, as the mean number of 
cfu per piąte becomes lower, the percentage error of the estimate increases (see Table 2), Three cfu per piąte at the 10 1 dilu¬ 
tion provide an estimate of 30 cfu per mL, with an error of 58% of Lhe estimate. 


Tabte 2. Error as a Percentage of Mean for Platę Counts 


cfu per Platę 

Standard Error 

Error as % of Mean 

30 

5.48 

1 83 

29 

5.39 

18.6 

28 

5.29 

18.9 

27 

5.20 

19.2 

26 

5.10 

19.6 

25 

5.00 

20.0 

24 

4.90 

20.4 

23 

4.80 

20.9 

22 

4.69 

21.3 

21 

4.58 

21.8 

20 

4.47 

22 A 

19 

436 

223 

18 

4.24 

23.6 

1 7 

4.12 

24.3 

16 

4.00 

25.0 

15 

3.87 

25.8 

14 

3.74 

26.7 

13 

3,61 

27 J 

12 

3.46 

28,9 

11 

3.32 

30.2 

10 

3.16 

31.6 

9 

3.00 

33.3 

8 

2 . 8.3 

35.4 

7 

2.65 

37.8 

6 

2.45 

40.8 

5 

2.24 

44.7 

4 

2.00 

50.0 

3 

1.73 

57.7 

2 

1.41 

70.7 
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Table 2. Error as a Fercentage of Mean for Platę CounU (Continued) 


cfu per Platę 

Standard Error 

Error as % of Mean 

1 

1.00 

100.0 


(1228) DEPYROGENATION 


INTRODUCTION 

The production of parenteral products reguires not only that products be stenie, but that they are also free from harmful 
!eveb of pyrogens, Depyrogenation is defined as the direct and validated destruction or remova! of pyrogens. For the purposes 
of this and subsequent chapters of the (1228) senes, the term "depyrogenation" refers to the destruction or removal of bacte- 
rial endotoxin5, the most prevalent and quantifiab!e pyrogen in parenteral preparations. The chapters In this senes dlscuss de¬ 
pyrogenation procedures that are applicable to product streams, equipment, and drug product containers and closures. 

The (1228) series butlds on the tenets described in Sterilization and Steriiity Assurance of Compendial Artides <1211 }, first pub- 
lished in USP 20-NF 15 . In the time sińce that pubfication, the science of depyrogenation has advanced, as has controI over 
manufacturing processes. Manufacturers are very aware of the impact that facility, equipment, and process design has on en- 
dotoxin levels and depyrogenation, and they are mindful of the effects of elevated endotoxin levels In raw materia Is and water 
systems, Risk management tools, including process evałuation tools such as Hazard Analysis Critical Control Point (HACCP), are 
helping compames to identify critical control points (CCP)for the control of endotoxin and other impurities or contaminants 
in the manufacturing process. As a result of these advances in science, technology, and philosophy, the (1228) series will also 
offer alternatives to historical or traditional thinlring. 

BACTERIAL ENBOTOXIN AND LIPOPOLYSACCHARIDE 

Bacterial endotoxin is a component of the outer celi membranę of Granvnegative bacteria. The natural endotoxin complex 
contains many celi wali components including phospholipfcłs, lipoproteins, and lipopolysaccharide (LPS), which is the biologi- 
cally active component of endotoxin. Purified endotoxJn is themicalfy defined as a LPS. LPS consists of three distinct regions: 

1. The hydrophobic lipid A portion of the molecuie is highly conserved among Gram-negative bacteria, and is largefy re- 
sponsible for most, if not afl, of the bioiogical activity of endotoxm. 

2. A core oligosaccharide links the lipid A to the hydrophilic O-specific side chain or 0-antigem 

3. The hydrophilic Oantigen is a highly yariable region that confers serological specificity to the organism and is often used 
to distinguish strains of Gram-negative bacteria, 

Due to the amphipathic naturę of the LPS molecuie [Le v havlng both a polar (hydrophilic) end and a nonpolar (hydropho¬ 
bic) end], purified LPS preparations, such as reference standard endotoxrn (RSE) and control standard endotoxin (CSE) tend to 
form bilayers, micelles, ribbons, and other conformations when in solution, and they may adsorb, or "stick", to surfaces, mak- 
ing them difficult to extract and detect The degree of adsorption of LPS to solid surfaces is affected by the composition and 
finish of the materia! to be depyrogenated. The extent of aggregalion of LPS in solution is affected by a host of formulation 
matrix attributes to which it is exposed, such as temperaturę, pH, salt concentration, divalent cation concentration, detergents 
or emulsifiers, and chelating agents. 

When parenteral products are contaminated with endotoxin, the contaminant is not purified LPS, but rather whole cells or 
celi wali fragments generated during the normal growth cycle of the bacteria or disruption of bacteria, where the LPS remains 
embedded in or associated with other celi wali components. Purified LPS and native endotoxtn are dissimilar in many respects, 
and the two terms shouid not be used interchangeably, Depending on the materials of construction or the formulation of the 
article to be depyrogenated, the use of native endotoxin as a challenge materiał in depyrogenation studies may be a consider- 
ation beeause a native endotoxin preparation better reflects operational reality, particularly for the depyrogenation of product 
streams, and beeause LPS molecules in natural endotoxin are embedded in cel! wali complexes, they may be much less prone 
to the aggregation and adsorption issues seen with purified LPS. 

For the purposes of the (1228) series, the term "challenge materiał" will be used to generically describe materiał (endotoxin 
or LPS) used as a spiking analyte for depyrogenation studies. "Endotoxin" will refer to the moiety in its natural State, meaning 
pieces of Gram-negative celi wali from a well-characterized source. LPS will refer to the purified materiaL 

MEASURING ENDOTOXIN PRE- AND POST-PROCESSING 

The primary procedurę used for the measurement of bacteria! endotoxin Is the Bacterial Endotoxins Test (85) (BET), A well- 
controlled BET assay can provide assurance of accurate readings for the calculation of the reduction in challenge materiał activ- 
ity pre- and post-processing, as wel! as provide consistent quantitation of levels of native endotoxin in raw materials, at CCP in 
the manufacturing process, and in finished products. 
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There are many variables in study struciure and test method that can affect the outcome of a depyrogenation study. Devel- 
opment of a test method depends on the materia! under test, the Identification of an appropriate challenge preparation, and 
the method used to extract recoverable activlty prior to processing and residua! activity after processing. Once a test system is 
developed that indudes the Identification of a source for challenge materia! preparations, inoculation of the artides to be de- 
pyrogenated (including drying procedures), extraction or recovery methods, and appropriate BET test methodology and sensi- 
tivity, it is recommended that subsequent tests should use the same conditrons to ensure the comparability of test results. 
Points to considerwhen constructing a depyrogenation study indude the foflowing: 

1. The challenge materiał: Consider the source of the endotoxin (purified or natural). When using purjfied LPS, choose a 
preparation with no fillers, because the presence of these fillers can add to the variabiiity and therefore decrease the accu- 
racy of the assay. Once challenge materiał preparation is chosen, it is recommended to use materia! from the same source 
in subsequent studies to reduce variabilityJ 

2. The characteristrcs of the materiał being depyrogenated: It is important to understand the characteristics of the mate¬ 
ria! being tested. For example, LPS may adsorb to plastics, and although two objects may be madę of the same piastic, 
surface flnlsh, surface area, and conformation differences may affect extractlon efficiency and LPS recovery. For Solutions, 
formuiation matrices may affect aggregation of purified LPS in that pH, salt concentration, chelating agents, surfactants, 
and the presence of diva!ent cations may all have an impact on the recovery of the chalienge materiał. The use of natural 
enciotoxin may mitigate some of these recovery issues. For materials that are received with Iow or undetectable levels of 
endotoxin, depyrogenation studies using endotoxin or LPS challenge materials may be unnecessary if control is demon- 
strated and decisions are scientificafly justified. 

3. The level of activity needed for the study: How much pre-processing activity do you need to execute the study? The 
current industry standard is to add enough endotoxin to the system so that at least 1000 EU can be recovered prior to 
depyrogenation. Flowever, depending on the test system, 1000 EU may be either excessive or Insufficient. For example, 
when designEng a study for the depyrogenation of a product stream that normalty contains <1 EU in a certain volume, a 
spike of 1000 EU of a CSE in that same volume may be excessive. For solid-surface materials, the fevef of activity in the 
chalienge materiaf should be established taking into account the materials of construction and finish as they may contrib- 
ute to LPS adsorptiom Knowtedge of historical level$ of endotoxin in or on the surface, the efficiency of the depyrogena¬ 
tion processes, the efficiency of the challenge materiał extraction or recovery method, and the log reduction or safety tev- 
el target acceptance criterion are a!f important to the setting of a pre-processing activity requirement. If a reduction study 
for a product stream is required, it may be morę appropriate to add an amount of naturally occurring endotoxin to the 
product consistent with the maximum expected endotoxin load ("worst case"), based on known endo£oxm contributors 
{e.g., raw materials and water) and process capability to demonstrate reduction to safe !evels. Whatever the procedurę, 
the logie and methodology for endotoxin reduction studies should be justified and documented. For those materials that 
routinely contain a level of endotoxin, sueh as fermentation broths where there are high levels of activity to begin with, it 
may not be necessary to add additional challenge materiał. 

4. Preparation of test samples: The method used to affix challenge materials to the surface of materials to be depyrogen¬ 
ated may affect its removal or recovery* Air-drying is the most convenient method of affixing challenge materiał to hard 
surfaces, but freeze drying and vacuum drying also have been used. To improve drying efficiency, it is suggested that a 
smali vo!ume of a highly concentrated activify of chalienge materiał be used. This volume may be added to the surface of 
the i tern in an area that has been defined as "hardest to depyrogenate" or may be dispersed to represent the morę likdy 
natural occurrence. Inoculation methodology must be well defined for comparability across studies. Decisions regarding 
the design of studies must be documented and justified. 

5. Recovery methods: Although there are standard methods for the recovery of endotoxin from medical devices, there is no 
standard method for the recovery of endotoxln dried onto solid surfaces that are used as indicators in depyrogenation 
studies. Although it is most convenient to adopt the standard extraction methods described in Medical Devices—Bacterial 
Endotoxin andPyrogen Tests (161) and ANSI/AAMI ST72:201 1, * 2 a laboratory may choose to deyelop and yalidate a meth¬ 
od that better suits the materiał under test The efficiency of the recovery of endotoxin witl depend on the attributes of 
the materia! under test, the composition of the challenge materia!, the concentration of the challenge materiał spike, and 
the method of drying. Recoveries of less than 100% of the chalienge materia! nominał spike in positive Controls are not 
uncommon. Perhaps morę important than the percent recovery in positive Controls is consistent recovery across lots of 
the same materiaf and across depyrogenation studies. 3 * 4 

6. Test rnethod: Lysate formulations differ, and they may be subject to different interferences such as leachables, chelators, 
and salts. If interferences are encountered cluring method development that are difflcult to overcome, consider trying an- 
othertest method (e.g., gel ciot, kinetic chromogenie, krnetic turbidimetric, endpoint chromogenie) or a different source 
of reagent, 

7. Depyrogenation method: Varlabillty in the depyrogenation treatment may impact recovery. Treatments vary In efficien- 
cy, both within and between treatment types. For example, a large difference in efficiency will be seen when comparing 


■ Ludwig JD, Avis KE, Recovery of endotoxrn preparations from the surface of glass capillary tubes .} Parenter Sd Tedmol. 1989;43(ó):27ć-278. 

1 ANSI/AAMf ST72:2011. Bacterial endotoxins—Test methods, routine monitoring, and altematiVes to batch testlng, AAMI, Arlington, VA. 

3 LAL Users Group. Preparation and use of endotoain indicators For depyrogenation process studies. / Parenter Sd TechnoL 1989;4 3(3): 109-112, 

4 PDATedmrcai Report 3 (Revised 2013). Va!rdation of dry heat processes used for depyrogenation and sterilization, Bethesda, MD; Parenteral Drug Association; 
2013, 





USP 40 


General Information f {1228) Depyrogenation 1 793 


the depyrogenation of glass vials using dry heat versus rinstng in water for tnjection (WFi), and differences may be seen in 
the reduction of challenge materiał by the filtra tion of a solution depending on the type of fil ter chosen. Likewise, variabil- 
ity can be seen when using a single depyrogenation methodofogy with two different materiais, such as the filtration of 
two different Solutions using the same type of filter medium- 
The efficiency of a depyrogenation process has been historically measured in terms of a logarithmic (log) reduction of a 
iarge "spike" or bofus of purified endotoxin that is added to or dhed onto a materiał prior to treatment. Although log reduc¬ 
tion is a convenient measurement benchmark, the morę relevant and pragmatic indicator of depyrogenation efficiency is one 
based on process capability and patient safety, which is the reduction of the measured or antkipated worst case naturaJ levels 
of contaminating endotoxm to safe levels as defined by reference to calculated endotoxin fimits for the materiał. 

With the impiementation of the printiples of guality by design (QbD) and risk management, the 3-log reduction that was 
first introduced in 1984 may be inappropriate as a unrversal benchmark for modern depyrogenation processes* For exampfe, 
materiais with a high Ievel of native endotoxin, such as fermentation broths, could require morę than a 3-log reduction to 
reach a safe level, whereas dry beat depyrogenation of materiais with normatly Iow or undetected levels of native endotoxin, 
such as washed glass vials, will reguire substantially less than a 3-log reduction. The approphate endotoxin log reduction for 
the process should be determined by the user based on a fuli understanding of the product and process capability including 
input sources, levels of endotoxin, efficiency of depyrogenation methods, and output (product- or process-specific) endotoxin 
requirements, Effective process contro! requires knowEedge of input, in-process (where appropriate), and output endotoxin lev- 
els. Under these circumstances, with appropriate process development, justification for reduced endotoxin challenges or the 
eiimination of endotoxin challenges may be madę based on historical data and demonstration of continued control. 

CONTROL OF ENDOTOXIN IN PARENTERAL PRODUCTS 

The best control of endotoxin levels in parenteral products is the control of Cram-negative bioburden in raw materiais, 
eguipment, process streams, and manufacturing environment and opera tors. Parenteral manufacturers may exercise three cat- 
egories of control to keep endotoxin content in drug products at safe !evels, 

The first category is "indirect control", which is comprised of a series of preventive measures that contro! bioburden, the 
potential endotoxin contribution by formulation components (e.g., raw materiais, APls, excipie.nts), water, primary packaging 
components, equipment, and the manufacturing environment, including personnel. 

The second category is "process control", in which endotoxin is monitored at CCP duhng processing to ensure that there is 
no increase in endotoxin. These process control elements are subject to validation or qualification. 

The third category is "direct control", or the direct destruction or removal of endotoxins from product streams, eguipment, 
and primary packaging materiais. As with contrds on processing, direct measures of endotoxin destruction or removal must 
be yalidated. 


INDIRECT CONTROL 

Reducing opportunities for Cram-negative microbial proliferation at any stage of manufacturing will reduce the likelihood of 
endotoxin contamination in the following ways: 

■ Exerdsing control over the endotoxm content of incoming materiais, particularly materiais derived from natura! sources or 
those with high water activity, will reduce the opportunity for Gram-negative microbial proliferation and therefore reduce 
or eliminate the need forendotoxin removaJ downstream. Because of their manufacturing processes, glass and plastic 
containers as weil as elastomeric closures are often received with very Iow or undetectable levels of endotoxin, QuaHfica- 
tion of primary packaging suppliers should indude an audit that examines and confirms the supplieris consistent and 
documented control over applicable manufacturing processes. 

• Bioburden and endotoxin control should be a component of a vendor audit and supplier ąuafifieation program for formu¬ 
lation materiais that could potentially contnbute endotoxin to parenteral products. 

• Water is the most ubiquitous raw materia! in the manufacturing of parenteral products, but unless the generation and 
distribution of hrgh-qua!ity water is properfy vafidated and controiled, the system will be prone to contamination by 
Gram-negative bacteria and the establishment of biofllms that can contnbute stgniflcantly to the endotoxin load of the 
product (see Water for Pharmaceutica! Purposes (1231) for a discussion of the types of waters used in pharmaceutical man¬ 
ufacturing and guidance for validation, maintenance, sampling, and testing of systems). 

PROCESS CONTROL 

Product-speciffc process control requrres the Identification of CCP for the introduction or remova! of endotoxim Process con¬ 
trol requires good process and eguipment design consistent with QbD using a risk management tool such as HACCP, Process 
control measures indude but may not be limited to the following: 

• Control of manufacturing practices is esseritial to endotoxin control, Endotoxin control should be a part of validated 
cleaning procedures. The use of product contact materiais for which endotoxin control cannot be establtshed should be 
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avoided Clean product-contact equrpment should be stored dry to avoid bioburden and Gram-negative bacterial prolifer- 
ation. 

* Hołd times during manufacturEng, partEculariy for nonsteriEe bulk in-process materiał and drug product, should be valida- 
ted to ensure that the hołd conditions do not support microbial proliferation and therefore potential endotoxin produc- 
tion by Grammegative bacteria. 

* Environmental control, including good manufacturEng practEces (aseptic, as appropriate), is essentia! to process manage- 
ment of endotoxin. Operators should be properiy garbed and trained. Housekeeping and disinfecting practices should be 
established to reduce the posslbility of microbial prolreration in critical areas. Clean i ng regimens should emphasize that 
standing water be removed at the end of the cleaning process* 

* Pndotoxin control and monitoring will be covered in a forthcoming chapter, 

DIRECT CONTROL 

These processes reguire validation to ensure that endotoxEns are removed or reduced to safe leveis. Direct control may be 
accompfished by a variety of methods and processes that may be combined to ensure endotoxin reduction to a safe leveł The 
most commonly used depyrogenation processes and the associated control measures are the subject of the (1228) series, 

SELECTION OF AM APPROPRIATE DEPYROGENATION IWETHOD 

The basie principles for the control and vaiidation of a depyrogenation process using a life cyde approach include: 

* Assessment of manufacturing processes to EdentEfy materia Es and process components that are essential to the controf of 
endotoxin 

■ Focused depyrogenation process deve!opment that is consistent with the materia! to be depyrogenated, the resident en- 
dotoxin level of the materiał to be depyrogenated, and the limit of endotoxin for the finished artkle 

* Adeguate validation studies 

* Ongoing monitoring of process Controls to ensure continued efficacy of the depyrogenation process 

* IdentifyEng and documentrng changes (a change control program) to the depyrogenation processes over time 

Known or anticipated !evels of endotoxin can be determined so that appropriate indirect or direct measures of control, con- 
sistent with the product or materia Is of construction, wili ensure that endotoxEn is elimEnated or reduced to Eeve!s that ensure 
p rod u ot and patient safety. 

Should direct methods of depyrogenation be required for the contro! of endotoxin in or on the artide, an important consEd- 
eration during manufacturing process devefopment is the selection of an appropriate mefhod from the posslble alternatives: 
dry beat, Chemical, filtration, or physical removal. In some instances this selection is llmited by the potential effects of the de¬ 
pyrogenation treatment may have on the materEals themse!ves. The cholce of the appropriate process for a glven item reguires 
knowledge of depyrogenation technfques and informatlon concerning effects of the process on the materiał belng processed. 
The selection of a partieufar treatment (and the detaifs of its execution) often represents a compromise between those condi¬ 
tions reguired to destroy the endotoxin or remove it to the desired level and the effect of the process on the materials. Depyr-* 
ogenation processes should be no morę aggresslve than reguired for effective process controf to avoid adverse conseguences 
to materia! gualtty attributes. 

VALIDATION OF A DEPYROGENATION METHOD 

The vafidation program comprises several fomnally documented stages to establish that the depyrogenation process is capa- 
ble of operating within prescribed parameters for process eguipment, that independent measurements of critical parameters 
are possible and accurate, and that acceptance criteria for challenge materia! removal or destmetion are met. 

* The deve!opment stage investigates and estabiishes the operating parameters that define the Controls to be used for the 
depyrogenation process. 

* The instailation qualffication (JQ) stage estabiishes that egulpment Controls and other instrumentation needed to execute 
depyrogenation processes and measure the results of the depyrogenation process are properiy designed and calibrated* 
Dócumentatlon should be avatiable to demonstrate the acceptabElity of any reguired Utilities such as steam, water, and 

air. 

* The operationa! gualification (OQ) stage confirms that the eguEpment and other processes components function within 
the defined depyrogenation parameters. 

* The performance quaflfication (PQ) stage of the validation program dErectly evaluates the depyrogenation of materials or 
articles. Wherever possible, these studies should employ or slmulate the actuai conditions of use, including the use of reai 
or simulated product materiał Worst case conditions, for example, mtght indude the bracketing of critical parameters 
such as time/temperature and belt speed for dry heat depyrogenation of glass vials, flow ratę for depyrogenation by filtra¬ 
tion of Solutions, and maximum measured, anticipated, or defined endotoxin loads for any materiał* "Worst case" should 
be defined and justified in the valfdatEon protocol. Endotoxln indicators may be utilized to support physical measurements 
En the validation of the depyrogenation process. Although the "ruie of three" suggests that three consecutive successful 
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vatidation runs be executed, perform suffident replicate studies to demonstrate the capability and effidency of the depyr- 
ogenation process, induding the validation of operational ranges of any equipment used in soch processes. The number 
of replicate studies thosen should be scientifically based and justified, At the end of the PQ, a report is written to establish 
operating parameters. 


ROUTiNE PROCESS CONTROL 

Once a depyrogenation process has been validated it must be maintained in that State to ensure the continued acceptabifity 
of its operation. This is accompiished through a number of refated practices essential for continued use of the process. 

* Physical measurements: Data reported by the eguipment sensors and recorders must be verified after the completion of 
each depyrogenation cyde. 

* CaMbration: Any eguipment used in the control or quantitative assessment of parameters required for a depyrogenation 
process must twe its measurement accuracy verrfied against a traceable standard on a periodic basis. 

* Preventive maintenance: There should be a defined maintenance Schedule for each piece of process or testing equip- 
ment reguired for depyrogenation that \s consistent with the manufactureris written recommendation. 

* Ongoing process control verification: Depending on the specifics of the particular depyrogenation process, there may 
be additional reguirements for ongoing confirmation of process effrcacy. These can inciude the testing of raw materials, 
water supplies, and in-process sampling. These performance parameters are monitored against assigned limits designed 
to ensure that finished products meet acceptable endotoxin levels. Monitoring of operating parameters and controis plays 
an important role in matntaining the depyrogenation process in a validated State. 

* Periodic reassessment: It is expected that the effectiveness of depyrogenation processes be reconfirmed on a periodic 
basis. A reassessment Schedule should be forma lized to assess the potential impact of de mini mis or undetected changes 
to maintain the process in a validated State. 

* Change control: In order to remain in a validated State, the various materiał, procedurę, and equipment eiements im- 
pacting the depyrogenation process should be carefully monitored to ensure that changes are properly evaluated for their 
potential impact on the process. The scope of the change control program must inciude materials being processed, proc¬ 
ess eguipment, processrng parameters, and process holding time limits. The extent of the effort reguired to support a 
change will vary with the potential impact of the change on the process outcome. 

* Tralning: Depyrogenation processes rely heavily on scientific prmcipies for the effective destruction or removai of endo- 
toxins. Scientists and engtneers well-grounded in the prmdples of endotoxin removai and testing develop processes to 
ensure effective depyrogenation. Jndividuals invoived in the development of depyrogenation processes requrre a back- 
ground in microbiofogy, physios, chemistry, and engineering, and they must be familiar with good manufacturing princr- 
pies and regulations. Depyrogenation is an interdisdplinary activity where the combined knowledge of a group of individ- 
uals is generally reguired for the establishment of a reiiable process. In addition to the depyrogenation process develop- 
ment team, individuals responsible for the maintenance and opera tion of depyrogenation processes must ais o be Lrained 
appropriately to ensure that their actions contribute to suceess, The opera tors are often the first to identify changes in 
process performance because of their intimate involvement with it. Effective tralning programs should be established and 
documented. Training programs should emphasize depyrogenation principles, adherence to established processes and 
procedures, and the importance of documenting deviations from normal operations. 

ROUTINE TESTING 

Testing is not a control mechanism but rather a tool to assess the effectiveness of control measures. Depending on the spe- 
dfics of the particular depyrogenation process, there may be additional requirements for ongoing confirmation of process effi- 
caty. 

These requirements can inciude the testing of raw materials, water suppiies, and in-process sampling. These performance 
parameters are monitored against assigned limits based on hlstoricai data, and are designed to ensure that finished products 
meet acceptable endotoxin ievel$, Monitoring of operating parameters and Controls plays an important role in maintaining the 
depyrogenation process in a validated State. 


<1228.1) DRY HEAT DEPYROGENATION 

INTRODUCTION 


Dry heat is the method most freguentiy used for the depyrogenation of heat stabfe materials. Dry heat depyrogenation is 
dependent upon two parameters: time and temperaturę, which equates to a thermal input. As a result, dry heat depyrogena 
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tion processes can be easily monitored/confrotled and are highly reprodudble. Depyrogenation processes typically operate at a 
rangę of temperatures from approximate[y 1 70° up to about 400 D . 

The most prevalent pyrogenic agents in pa renta! manufacturing that are of concern re!ative to patient safety are bacterial 
endotoxins, found In the outer celi walls of Granvnegative bacteria. The destruction of bacterial endotoxins (depyrogenation) 
by dry heat has been studied extensively and has been shown to follow frrst order kinetics. The well-deflned kinetics of inacti- 
vation makes it possible to predict the efficacy of dry heat processes operatrng at different times and temperatures by under- 
standing the total therma! input ( F a ). 

The rangę of temperatures used for dry heat depyrogenation overlaps the upper rangę of temperatures used for dry heat 
sterilization (see Dry Heat Sterilization <1229.8)). This is because bacterial endotoxins are morę resistant to the effects of dry 
heat than the most heat-resistant bacteriaf spores. This chapter provides an overvtew of the process of dry heat depyrogena¬ 
tion, ifs eon troi, and validation. 

TECHNOLOGIES USED FOR DEPYROGENATION BY DRY HEAT 

Aithough all dry heat depyrogenation processes rely strEctly on time of exposure and temperaturę to assure effectiveness, the 
eguipment used typically falls into two categories: the dry heat "batch" oven and continuous tunnel systems. Batch ovens are 
routinely used for the depyrogenation of product containers, most often glass, but also other heat stable product contact parts 
or laboratory equipment. Continuous tunnels, on the other hand, are used primarily to depyrogenate glass product containers, 

Batch Ovens 

Circuiating heated air is used to heat the load Items, which may be indfvidualEy covered or wrapped in a materiał that is 
unaffected by the temperaturę used, or piaced in a Eidded Container for protection during pre- and post-process handling, 
When depyrogenation and sterilization are to be achieved in the same process, air supplied to the oven is passed through one 
or morę high effEciency particulate air (HEPA) filter(s) to maintain sterrlity within the oven after compietion of the dweli period. 
These forced air ovens typically operate at a positive air pressure dlfferential relative to the surrounding room. This design re- 
sults In particulate air quality that can meet ISO 5 requirements to reduce particulate matter and microbial contamination risk 
throughout processing. 

In order to ensure sufficient lethality and process contro!, oven control probe(s) must maintain a predefined temperaturę for 
a predefined time period prior to cooling, The limEted heat transfer capacity of air requires that items in the oven be piaced in 
fixed locations confirmed acceptable during the cyde development/vaiidation effort. Ca u tion should be exerdsed in defining 
variab!e load patterns as minimum load sizes may result in inadvertent slower heating of the load and greater temperaturę 
varlabiiity. Smaller facilities may use a single door oven, buc the principles of operation and validation are the same as with 
larger double door production units. The important batch oven process variables are set-point temperaturę, cluration of dweli 
period, load type and configu ration, airflow charactenstlcs, and Container size. 

Continuous Tunnels 

The use of tunnels for dry heat depyrogenation of glass containers on a movtng corweyor allows for substandałly high er 
throughput and packing densities than the batch process, reduces handling, and is ordinanly integrated with a washing and 
fiJling system, Tunneis typically use forced heated air systems or radiant IR systems that reerreulate air through a battery of 
HEPA filters. Load items in tunnels are typically fed directly from an integrated Container washing system. 

Depyrogenation tunnels have separate zones for heating and cooling, a Iłowi ng for continuous in-feed and discharge at tem¬ 
peratures appropriate for production purposes. The tunnel is maintained at constant airflow and temperaturę conditions dur¬ 
ing use, and as glass passes through the tunnel it is heated to depyrogenating temperatures and cooled before exiting. Ai¬ 
though the conditions within the tunnel are essentially constant and wefl controlled, the temperaturę of the glass as it passes 
through the tunnel on the conveyor will change with its locatśon. Dweli time is controlled by adjusting the conveyor speed, 1 
which in the depyrogenation tunnel is the process parameter that governs exposure time. 

The air in the tunnel is most commonly heated using electrical coils but other heat sources, such as infrared or high-pressure 
steam, have been used. For energy conservation, heated air m depyrogenation tunnels is often redreufated. The important 
continuous tunnel process vanabJes are heating zonę temperaturę, cooling zonę temperaturę, belt speed, and Container mass 
per unit. 

DRY HEAT DEPYROGENATION FUNDAiYIENTALS 

Dry heat depyrogenation uses air first to heat and then to cool the items. The limited heat capacity of dry air results in refa- 
tively slow heating and cooling of the load items. Variability in temperaturę distnbution in dry heat ovens and tunnels is typi¬ 
cally much higher than that observed in moist heat systems. The limited heat capacity of air reąuires that Items in ovens be 


1 Not all tunneb have a variabje speed capacity. 
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placed In the same locations as confirmed acceptable in the cycle deve!opment/validation effort. Packing and thermal mass 
will also play cntrcal roles in temperaturę management. Caution must also be exercised with varying ioad mass and distribu- 
tion as in some instances (resulting from oven design, air flow characteristics, and control probe position) minimum Ioad sizes 
may result in process vartability. 


DEPYROGENATION PROCESS CONTROL 

Process temperatures in dry heat depyrogenation are controlled by calibrated temperaturę sensors placed at specifk loea- 
tions within the equfpment The exposure portion of the process is designed to attain a minimum dwell time at a predefined 
minimum temperaturę ensuring that depyrogenation conditions are adeguately uniform. The defined dwell time is determined 
by using measurement devices (e.g., thermocouples) directły in contact with the items to be depyrogenated during develop- 
ment. The inactivation of bacterial endotaxins by dry heat involves the control of only two parameters: time and temperaturę, 

The simplicity of process control for these parameters provides a predictabie depyrogenation effect. Once validated, a elear 
understanding of the inputs to the system, meaning resident endotoxin Ioad on incoming materials, and outputs of the sys¬ 
tem, meaning reduction of resident levels of endotoxin to safe levels, Is morę meaningful than spiking with unnaturally high 
levels of challenge materiał and looking for a prescriptive requirement for log reduction, The dosimetric measurement for dry 
heat depyrogenation processes is the F 0 unit An F D - 1 is defined as the depyrogenation effect achieved by 1 min of heating at 
250°. The F r vafue enables the integration of temperaturę over the process duration (time). By convention, the ratę at which 
depyrogenation destruction ratę (D-value) varies as a f unction of temperaturę change is defined as the z-value. The z-value for 
dry heat depyrogenation has been shown to be in the rangę of 45°-55 c . For the purposes of this chapter, 50° is used as a 
standard z-value. Other values may be used. (7,2) 

The F d approach is used as a means to compare dry heat depyrogenation effects produced by processes that opera te at vary- 
ing temperatures. Basic mathematics can be used to calculate the depyrogenation effect produced at temperatures other than 
250* to determine equivalence to that provided at 250°. 

Using a reference temperaturę of 250° and an assumed z-value of 50°, the F 0 calculation can be determined: 

F D =iy » ^=i;;io» At 

F 0 - accumulated destruction 

t t = process start time 

fj - process end time 

T - temperaturę at each time inerement 

At = time interval between temperaturę measurements 

Summing the instantaneous temperaturę contributions over the entire depyrogenation process allows for the calculation of 
the overall process efficacy or F D delivered over the course of the process. Many commercial data loggers are eąurpped with 
software that enables them to make this calculation and integrate the total F D accumulated during a process. The f D calculation 
is used durtng Initial validation, vaiidation maintenance, and change control, The mathematical prindples of the F 0 calculation 
are essentially the same as those used to calculate lethality ( F 0 ) values in moist heat sterilization, F 0 v alues are used to confirm 
process consistency over time as correlation to endotoxin destruction is rarely possible. 

VALIDATION 

Because dry heat depyrogenation is appropriate only for heat stabfe materials, a high margin for safety is always attainabie. 
Times and temperatures used for the purpose of destroymg challenge materials can result in extreme chalfenges to materiał 
integrity and stability. Attention to depyrogenation processes, including an understanding of the resident endotoxin Ioad on 
incoming materials and reduction to !evels needed to assure patient safety, should take place during drug product deve!op- 
ment, prior to validation. 


Equipmerit Qualifieation 

Eguipment Qualification (EQ) is a predefined program that focuses on the processing eguipment to confirm that it has been 
properly installed and operates as intended prior to evaluatron of the process. In some companres, EQ may be separated into 
rnstallation qualification (IQ) and operational quairfication (OQ), or combined together under a joint terminoiogy of installa- 
tion/operational gualification (l/OQ). Eguipment qualificat*on provides a baseline for preventive maintenance and change con¬ 
trol assuring reproducibility of eguipment operation over time. 
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Empty Chamber Temperaturę Distribution for Ovens 

The oven should be evaluated for empty chamber temperaturę distribution. This is assessed by measurement of temperaturę 
at each corner of oven, near the controlfing probe(s) and other locations as justified. Differences in the cycie dwelf period can 
be discounted in this evaluation, as only the shortest dwelf period need be evaluated. The evaluation is best performed over 
the last few mrnutes of the dwell period once the system has fulfy stabilEzed, The acceptance criteria for this test vary with the 
oven's design and operating conditions; however, temperaturę distribution Es typicaJly substantialfy less uniform than observed 
in autoclaves and may be ±15 C or morę. Depyrogenation ovens that are ioeated at floor leveJ may have even greater ranges in 
temperaturę. The temperaturę distribution measurement may be of vafue in the evaluatlon of changes to the oven, 

Empty Temperaturę Distribution in Tunnels 

While these studies are often done, they are actually of fimited value. Unloaded depyrogenation tunnels will afways produce 
far morę variabifity in temperaturę distribution than will a fufly loaded tunnel. Therefore, for depyrogenation tunnels, tempera¬ 
turę studies underfully loaded conditions only are indicated, important to the proper operation of the dry heat tunnel is the 
establishment of the reguired air fiow balance between the tunnel and the adjoining areas. Improper air flow can cause un- 
even heating across the load being processed. The temperaturę distribution measurement may be of vafue in the evaluatlon of 
changes to the tunnel. 

Component Mapping 

The abilfty of dry heat to penetrate load items and to bring them to the requEred temperaturę should be determined. 

Load items that are complex, of significant mass, with enclosed votumes and product contact surfaces that must be depyro- 
genated, should be subjected to component mapping to determine internal cold spots, Ali load items should be prepared, 
wrapped (if that is the practice), and orEented in a manner consistent with how they will be processed. Class typlcatly enters 
the depyrogenation process (whether tunnel or oven) wet and must be evafuated wet to properly determine the effect on 
overall thermal Enput. Mapping of glass components to be processed in tunnels Es not necessary; all monitoring of temperaturę 
in tunnels is accomplished with probes in contact with the bottom of the Container. 

Load Mapping in Ovens 

FExed loading patterns are necessary tn oven depyrogenation because of the Eimited heat capacity of the air; fulfy packed 
conditions because of their greater mass ordlnarify resuit in the best process temperaturę uniformity. Load mapping assures 
that items placed throughout the load attain the desired depyrogenation conditions. Identification of cold zones within the 
oven should be established d u ring depyrogenation cycie development. Information from the load mapping is used to adjust 
cycte timing to assure appropriate efficacy across the entire load. it may be possible to validate maximum and minimum loads 
(as determined by either the number of items or their mass). 

F d is calculated from the temperaturę data at all monitored locations within the load pattern. 

Load Mapping in Tunnefs 

Load mapping can be assessed using sets of calibrated sensors (Le., traiiing or wireless temperaturę sensors) positioned with¬ 
in the glass pack as it moves through the tunnel Temperaturę sensors should be placed Ento direct contact with the gfass kem 
at the bottom of the Container. Temperaturę measurements should be madę on the feading edge, the middEe (highest densi- 
ty), and the traiiing edge of the glass pack across the width of the conveyor belt. There should be NLT 5 temperaturę sensors 
positioned across the belt in each section of the load, F 0 is calculated from the temperaturę data at all monitored locations. 
Studies should be performed using all Container sizes to determine the lowest f D locations. The F D results can be used to siip- 
port the selection of containers/conditions to be evaluated in the confirmation studies (see beiow). There is no requirement to 
perform temperaturę heat distribution measurements during these studies. 

Confirmation of Depyrogenation 

The materials/glass components to be depyrogenated should be assessed for their Incomlng endotoxin content prlor to the 
valfdadon study. This wouid include glass as received and immediately after washing. All tested materials should be handled 
and prepared using defined procedures. Materials and glass prepared in the same manner are used in the depyrogenation vali- 
dation studies. The addition of challenge materiał to the load items, incfudlng a reguirement to demonstrate a 3-log reduction, 
may not be required Ef time and temperaturę studies consistently indicate that depyrogenation conditions are met. Tempera¬ 
turę monitoring as descrlbed above must be done simultaneously with the depyrogenation confirmation studies. The confir¬ 
mation studies should be performed at reduced time-temperature conditions from those utilized in routine processing and de- 
liver lower F D results when compared to those determined in the mapping studies and are considered "worst case" confirma- 
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tion of depyrogenation process effieacy. There Is no requirement to perform temperaturę heat distribution measurements dur- 
ing these studies. 

OVENS 

A minimum of f\ve (5) samples should be taken in proximity at NLT 10 temperature-monitored Jocations (including those 
determined to be the coldest from the oven load mapping study) in the oven and tested for endotoxin content post-process- 
ing. The process is considered acceptable if the amount of endotoxin per sample is NMT Od EU. 

TUNNELS 

A minimum of five (5) samples shouEd be taken in proximity to each monitored position within the tunnel load (indudfng 
those determined to be the eoldest from the tunnel load mapping study) and tested for endotoxin content post-processing, 
The process Is considered acceptable if the amount of endotoxin per sample is NMT 0.1 EU. 

ROUTINE PROCESS CONTROL 

As with afl pracesses, after the dry heat depyrogenation process has been valrdated, it must be subject to ongoing Controls 
tliat maintain it within the validated state at all times. Temperaturę and exposure time, which are the important dry heat de¬ 
pyrogenation parameters, can be used to confirm performance on a routine basis. Where direct assessment of F 0 is not possi- 
bie, assuring that the temperaturę and exposure time conditions were met results in an equłvalent confidence that the depyro¬ 
genation system operated in a valldated State of contro!. 

Depyrogenation (1228) details the generał practices that are appropriate for all depyrogenation Systems. This is accomplished 
by a number of related practices that are essential for the continued use of the process over an extended period of time. The 
essential practices to maintain yalidated status include calibration, physical measurements, penodEc endotoxin assessment on 
incomlng materials, ongoing process contro!, change contro!, preventive maintenance, and periodic reassessment and train- 
ing. 

AFPENDIX 

Additional Sources of Information 

* Tsuji K, Harrison S, Dry heat destruction of fipopofysaccharide: dry heat destruction kinetics, Appl Environ Microbio. 1978; 
36(5): 710“714, 

* Ludwig j v Avis KE. Dry heat inactivat!on of endotoxin on the surface of glass. ) Parenteral Sci Techno!. 1 990; 44(1):4-12, 

* Parenteral Drug Association (PDA), technical report 3, Validation of dry heat processes used for depyrogenation and sten- 
fization, 201 3. 
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1. INTRODUCTION 

Depyrogenation by filtration invo!ves the physical removal of endotoxin$ from pharmaceutical Solutions by adsorption and 
size exclusion. Endotoxins are responsible for ma king up the majority of pyrogens, which must be removed from pharmaceuti- 
cal products rncluding injectable biotogics. There are many factors to be considered when designing a depyrogenation fittra- 
tion process for Solutions containing proteins and peptides: type of target protein and its concentration, electrolyte concentra- 
tion, pH and fouffer system, protein molecular weight and isoelectric point (pi), filtration parameters (e.g v flow ratę), and inter- 
actions with other components causing aggregation, In generał, a combination of these factors detemnines the most effectwe 
depyrogenation method* 

Depyrogenation of liąuids may be accompfished by means of filtration through various types of filter media including micro- 
porous membranes, reverse osmosis (RO) membranes, ultrafilters, charge-modified depth filters, activated carbon, and mem¬ 
branę absorbers. Depyrogenation filtration processes are not intended to remove microorganisms from a process stream; how- 
ever, by their naturę, filters selected for use in depyrogenation processes may also be capable of retaining many types of mi¬ 
croorganisms. 


2. TECHNOLOGIES USED FOR DEPYROGENATION BY FILTRATION 

23 Microporous Membranę Filtration 

Microporous membranes (typically with porę size or retention ratings between 1.0 and OJ pm) can be very effective in re¬ 
ma ving intact bacteria via size exclusion and adsorption within flow pathways. The use of microporous membranes on a fresh- 
ly prepared solution to be filtered can effectively prevent bactedal prolłferation in the solution, along with any potential subse- 
quent endotox]n formation, Endotoxln, however, is composed of fragments of bacterial celi wali, often <0.025 pm (7) that 
may easity penetrate most bacteria-retentive membranę filters. These negatively charged particles with endotoxin attivrty can 
be removed via adsorption by positive!y charged membranes (2). Adsorption of endotoxin has also been shown by hydropho- 
bic membranes, where it is thought that a hydrophobic interaction oecurs between the Lipid A core and hydrophobic sites on 
the membranę flow path surfaces (3}. Reduction or removal of endotoxin activity by adsorption to microporous membranes 
can be dependent on flow ratę, pH, concentration, and fiu d and membranę surface properties. Once the effective binding 
capacity of the membranę approaches saturation underapplied conditions, remaining endotoxin will pass through the mem¬ 
branę. 


2.2 Reverse Osmosis 

RO membranes are the ttgh test membranes in size separation, They can sępa ratę dissolved salts and sugars from water. Py¬ 
rogens, and essentially everything eise, are removed from water vta size exclusion. RO systems are operated most effictently at 
high pressure (200-1000 psi) to overcome osmolić pressure, RO membranę rattng or tightness is measured and expressed 
with retention or rejection of marker safts such as sodium chloride or magnesium sulfate. 

RO membranes may be composites (thin film coated on top of ultrafiltration membranes) or cast as a single layer (ceilulose 
acetale type). Configuration of RO membranę modules can be fiat sheet f tubular, or hollow fiber. Ali commerdally available 
RO membranes are polymenc, and most are of a spiral-wound, flat-sheet format. 

RO systems are not intended to remove all bacteria, and because they are run at ambient temperatures, microbiologicaf 
contamination is a concern. Ultraviolet (UV) light may be used in the system downstream from the RO units to contro! micro- 
biological contamination. 


2,3 Ultrafiltration 

Ultrafiltration (UF) rs a process whereby a fluid is passed through membranes wrth porę sizes nominaliy between about 1 
and 100 nm under pressure. The filters are usually not rated by the porę size but by the molecular weight cut-off (MWCO). 
The methods to determine the MWCO vary by the manufacturer and usually involve measuring passage of molecules of a cer- 
tain size, such as a solution of mixed dextrans, polyethylene glycol, or proteins to assign a numerical rating (4). 

UF membranes are usually polymeric porous structures, manufactured from a rangę of materials, most commonly regener- 
ated ceilulose or polyether sulfone, but also ceramics. UF membranes may be produced as fiat sheet, hollow fibers, or ceramic 
tubes. 

UF is generally operated in tangential/cross flow modę, which separates the starting (feed) solution into two components: 
permeate (the portion of solution going through the membranę) and retentate (the concentrated solution that is passed over 
the membranę). UF membranes need to be encased in a suitable mtegrai device to enable practical operation. Heat sealing, 
over-molding, and resin-potting are alt used to assemble membranę devices and ensure Integra! flow paths. Ceramic tubes are 
sealed by gaskets within tubular cylrnders. 

\i is generally assumed that the basie subunit of lipopolysaccharide (LPS) is about 1 0-20 kDa (5). Membranes of 6-10 kDa 
cut-off are often used for depyrogenation by size exdusion> However, monomerk LPSs are rarely found in solution because of 
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their poor solubiiity in water. LPS is usually present in aggregated forms, such as vesicles ranging in molecular weight from 300 
to 1000 kDa. Thus, endotoxin can be successfufly removed by higher flux membranes, with MWCOs of 30-100 kDa (6), 

Adsorption, in addition to size excluston, also can be a mechanism of endotoxin removal by UF. 5everal hollow-fiber mem¬ 
branę materia Is have been evaluated, and the best removai was obtained with morę hydrophoblc membran es. Endotoxin re- 
movai was correlated to the degree of endotoxin adsorption on the membranes in an eguilibnum experiment (7). 

UF has been used successfully to depyrogenate smali moleeule drugs, buffers, ełectrolytes, antibiotics, and antifungal agents 
(5). UF is generally not recommended for endotoxin removal from Solutions containing larger molecules such as proteins. 

2.4 Charge-Modified Depth Filters 

Depth filters exhibit two primary clarification mechantsms because of thelr stmctural and Chemical composition: size exelu- 
sion # either through sieving or entrapment; and adsorption, either through electrokinetic (positive zeta potential) or hydropho- 
bic interactions. 

Size excluston of particles is a function of the tortuous flow path through the media as well as the depth or length of the 
flow path in rdation to the size distribution of the contaminate loading, e.g., celiular debris, Including LPS from celi walls and 
hard particles. Depth filtration efficiency depends on many factors, including the filter media characteristics, materials of con- 
struction (e.g., cellulose, fliter aids, binding resins), the fluid characteristics (e.g., viscosity, dirt load, celi debris, temperaturę), 
as well as the particie characteristics (e.g., solid/hard, pleomorpbic, proteinaceous, colloidal). Electrokinetic adsorption is attrib- 
uted to the resin blnders and filter aids that impart a net-positive charge, positive zeta potential, to the filter medium. Adsorp- 
tion is a complex mechanism that will vary based on a combinatton of parameters including positive zeta potential, hydropho- 
bic adsorption, particie surface charge, pH, and fonie strength of process ffuids. This posrtive zeta potential can remove nega- 
tiveiy charged particles smaller than the nominał rating of the depth filter medium. The adsorptive mechanism results in high 
removal efficiendes for fine particles, colloidal and celiular materials, e.g., bacteriaf endotoxins, nucleic acids, and removal of 
negatively charged tracę contaminants, whereas the depth medium porosity Influence* operatlng parameters such as pressure 
differentials, flow rates, dirt load capacity, and throughput. 

Most ceJlulose-based depth filters contain a filter aed to enhance particie retention and fiow characteristics. Filter aids are 
available in yarious particie sizes and levels of purity. Common filter aids include diafomaceous earth, perlite (vo!canic origin), 
carbon (natural sources), and silica- and/or metailic-based materials. 

The cartridges and capsule config u rations are constructed of primarily polypropylene and other common elastomer* and 
polymers, e.g., nylon, polycarbonate, polysulfone. Depth filters are avai labie in standard filter ca rtridge/capsule configu rations; 
iab-scale dises (47 mm/90 mm), fiat stock sheets, ienticular cartridges (stacked dises), and capsułes. 

In generał, the charge-modified depth filters showed lower endotoxin breakthrough levels at charge exhaustion as com- 
pared to charge-modified membranę filters. 

Membranes demonstrated total endotoxin breakthrough once the charge capacity of the membranę is saturated. Generally, 
charge-modified depth filter media demonstrate lower endotoxin unit (EU) levels that inerease slowly at the point of first endo- 
toxin detection as compared to membranes that exhibit complete breakthrough. 

Benefits of charge-modified depth filters include removal of bacterial endotoxin [4-5 log reduction value (LRV)j (9-1 7), DNA 
fragrnents, host celi protein, reduction of viruses, and economical throughput with Iow extractable levels. System flow ratę 
determinations are necessary to optimize residence time to maximize adsorptlve capture. This parameter is especially impor- 
tant for the remoyal of colloids and endototins. 

Cellulosic depth filters commonly contain extractabie Limulus amebocyte lysate (LAL)-reactive materials that are often deter- 
mined to be /?3,3-glucans. /M,3-Glucans activate an ałternative LAL pathway, Factor G. The activation of Factor G by /J-1,3- 
glucans will induce the prodottlng enzyme, causing a non-endotoxin-positive LAL result (or enhanced result), To reduce the 
risk of /M,3-glucan extractables from cellulosic depth filters, it is important to foltow the recommended rinse conditions of 
the specific depth filter. An a!ternative to reduce the effects of 0 -1,3-gJucans is to select LAL reagents toferant of 0 -gfucans or 
to add a /?-glucan blocking buffer to LAL samples. 

To some users, the most important attribute of charge-modtfied depth filters is their effectiveness as prefilters. In morę diffi- 
cult fillrations, such as those containing colloids, bacteria, or endotoxins, the user can realize substantial cost savings. 

2.5 Activated Carbon Depth Filters 

Depth filtration, using activated carbon as a filter aid adsorbent, removes color, odor, and bacterial endotoxins and nucleic 
acids. Aetivated carbon is derived from organie materials, e.g., peat, wood, coconut, bonę, lignite coal. The microstructure of 
the carbon contains miliions of pores that create a highly adsorptive materiał with a vast internal effective surface area as com¬ 
pared to polymeric microporous structures. These carbon filter aids are typtcally activated by steam or Chemical treatment such 
as add. Although highly effective in reducing endotoxin (4-5 log reduction) and other undesirabłe contaminants, active car¬ 
bon may, because of this highly adsorptive characteristic, remove other process components and target molecules due to this 
nonspecific adsorption property, The high loading capacity and strong adsorptive attributes make activated carbon depth fil¬ 
tration an attraetive ai terna tive to conventional filtration methods or addition of bulk carbon, where care must be taken to 
remove fine carbon particulates in the effluent. 
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2.6 Membranę Adsorbers 

When the target protein jn the solution is in the same mojecular weight rangę as that of the endotoxins (10-20 kDa for en- 
dotoxin monomers), the target proteins cannot be separated by UF. Jon exchange chromatography is the most common de- 
pyrogenation method for proteins; however, it has some drawbacks, which limit its usefulness as a depyrogenation step. This 
indudes handling and Lisage problems such as patking, channeling, Iow flow rates, long regeneration times, compressibility, 
and IJmited Chemical stabillty. Charge-modified membranę adsorbers with ion exchange tigands functionalized on the mem¬ 
branę surface can provide the required performance needed for depyrogenation from the laboratory up to process scalę. Gen- 
erally, two strategies can be used for removal of endotoxEn from Solutions with such membrano adsorber devrces. Using the 
strong basie anion exchanger of guaternary aminę (Q) type in a buffer with pH lower than the p! of the protein, endotoxin will 
bind to the charged membranę substrate, and protein will pass through the membrano (negative chromatography). Alterna- 
tjyeJy, a strong acldic Ion exchanger type S also can be used with a buffer pH lower than the pl of the protein. In this case, the 
endotoxin will pass through, and the protein will be bound to the charged membranę substrate, which can be subseguently 
eluted using appropriate buffers in the next step. 

Such membranę adsorbers have been used as validated endotoxin clearance steps in downstream processing of monodonal 
anti body (mAb) or recombinant protein manufacturing, Ty pica I log reduction values (LRVs) reported are >4 (?2) based on lab 
scalę testing. 

Another solution is to use mixed~mode membranę adsorbers exhlbiting both anionfc and hydrophobic chemistries. Endotox- 
ins (hydrophobic and negatiyely charged) tightly bind onto the membranę surfaces. By adjusting the concentration of salt or 
pH appropriately, proteins flow through the mixed-mode membranę adsorber by charge repulsion, whife endotoxlns remain 
bound. Mixed-mode membranę adsorbers allow the depyrogenation of protein solution or buffers with higher concentrations 
of salt (e.g,, 100-500 mM) than with the Q adsorber. Such membranę adsorbers have been used as yalidated endotoxin elear- 
ance steps in downstream processing of mAb or recombinant protein manufacturing. Typical LRVs reported are in the 3-4 
rangę based on lab scalę testing. 

3. VALIDATION 

See Depyrogenation (1228) for a comprehensive discussion of depyrogenation process validatton and the use of endotoxfn 
standards. 
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1. INTRODUCTION 

Depyrogenation is defined as destruetion or removaJ of pyrogens (see Depyrogenation (1228)). For the purposes of this chap- 
ter, the terms ''bacterial endotoxin" or "endotoxm" ref er to a component of the outer celi membranę of Gram-negative bacte- 
rią which is known to induce a febrrle response rn humans and other mammals. The endotoxin complex contains many celi 
wali components induding, but not limited to, phospholip ds, lipoproteins, and lipopolysacchandes. Lipopolysaccharide (LPS) 
h the biologically active portion of both naturally occurring and Jaboratory-prepared endotoxin tomplexes. The USP Endotoxin 
Reference Standard (whkh, by convention, is abbreviated as RSE) and eontrol standard endotoxin (CSE) preparations pur* 
chased from lysate manufacturers and other third-party vendors are not endotoxlns but rather are preparations of purified LPS, 

"Endotoxin indicators" (Els) are tools that are used (where reguired) in conjunction with physical measurements to analyze 
the effecfiveness of a depyrogenation process. Els used to determine the effectiveness of dry heat depyrogenation processes 
are commonly purchased as glass vials that are inoculated with a known level of LPS activity. This ohapter expands the defini- 
tion of El to include any carrier, including glass vials, inoculated with endotoxin or LPS that is used to challenge a depyrogena¬ 
tion process* Els can be used to analyze the effectiveness of endotoxin removal by washing, rinsing, cleaning, or by using sępa- 
ration technologie*, such as filtra tion or chromatography. Carriers can be a variety of materials, including rubber stoppers to 
assess stopper-washing processes, bulk product to assess and validate processing steps, and stainless Steel coupons to assess 
the cleaning of production ve$sels, 

Purified LPS, such as CSE obtained from lysate manufacturers or other third-party vendors, has historitalfy been a convenient 
choice for use as the analyte used in the preparation of Els. However, Els prepared in-house using laboratory-derwed endotoxin 
morę closely mimie product contamination, and as a result can provide a morę realistic assessment of the depyrogenating ta- 
pability of vahous production processes than does highly purified LPS. This ohapter provides Information on the preparation 
and use of these morę specialized indicators to assure both consistency and comparability of data among method develop- 
ment and vaiidation studies. 


2. ENDOTOKIN AND LPS 

A bacterial endotoxin is defined in the Introduction . LPS is the biologically active portion of the naturally occurring and labo¬ 
ratory-prepared endotoxin complex, Highly purified LPS, extracted from the natural endotoxin complex, is used to prepare the 
primary compendial RSE or secondary CSE preparations, such as those purchased from Limufus amebocyte lysate (LAL) reagent 
manufacturers. LPS consists of three distinct regions: 

1. The structure of the hydrophobic lipid A portion of the molecule is the most highfy conserved among Gram-negative spe* 
cies and is responsible for most, if not all, of the biolog cal activity of endotoxins 

2. A core oligosaccharide iinks the lipid A to the hydrophilic O-specific side chain or O-antigen 

3. The hydrophilic O-antigen is a highly variable region that confers serological specificity to the organism and is often used 
to distinguish strains of Cram-negative bacteria 
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When drug products and device$ are contaminated with endotoxin, the contaminant te not purified LPS but ratber whole 
Gram-negative ceils and/or cel! wali fragments containing LPS. LPS and endotoxin are therefore dissimilar in many respects. 

The amphipathic naturę of the LPS molecufe [Le., having both a polar (hydrophilic) end and a nonpolar (hydrophoblc) end] 
enables it to form complicated, three-dimensional, aggregated structures in solution* The aggregated forms of LPS have the 
capadty to adsorb, or "stick", to surfaces, and depending on the LPS formulation and the surface, extraction and detection 
may prove difficult using conventional extraction methods (see helów). The degree of aggregation of the purified mol ecu le is 
also affected by the conditions to which the LPS te exposed, Factors such as temperaturę, pH, salt concentration, divalent cati- 
on concentration, chelating agents, and detergents can have a profound effect on the biological actlvity and stability of LPS In 
solution. Purified LPS preparations used for depyrogenation studies should not contain any "fillers" or excipients. The exci- 
pients that are commonly used tn the formułation of CSE have been shown to reduce the heat resistance of LPS {7} and may 
interfere in the recovery of LPS because of a earamelized excipient that has been post-processed by dry heat. 

Endotoxins contaminating parenteral products may exhibit greater stability of activity tn solution and less surface adsorption 
than purified LPS. As well, the detection of endotodn may be less infiuenced than LPS by aggregation, disaggregatlon, or oth- 
er conformations induced by some product matnces. Information on principles to consider when preparing endotoxin in the 
laboratory can be found below. 


3. APPLICATION OF ENDOTOKIN INDICATORS 

The choice of an E[ should be relevant to the process being vaiidated. For physical depyrogenation, such as dry heat, the 
carrier materia! for the El may be a surface such as a glass vial or appropriate coupon materia! with documented heating char- 
actertetics srmilar to the materials being processed, and onto which a known quantity of LPS or endotoxin has been inoculated. 
For stopper washing/depyrogenation studies, stopper carriers are inoculated with known levels of LPS or endotoxin, For raw 
materials or process intermediates that are Enherently contaminated with assayable levels of endotoxin activity, there may not 
be a need to add LPS or endotoxin to validate endotoxin reduction in the manufacturing process, as the level of confamina- 
tion may be sufficient to accurately measure activity upstream and downstream of the depyrogenating step(s). 

For processes using raw materials or for upstream Intermediates that are not contaminated with endotoxins, the use of ei- 
ther the U5P RSE or CSE, which are both highly purified preparations, may not reflect the actual removal or reduction potential 
of the product stream depyrogenation step(s) under challenge. For these purposes, endotoxins han/ested from Gram-negative 
cultures may be morę suitable for depyrogenation processes typically found in biopharmaceutical product streams. The celi 
wali fragments and outer membranę constituents associated with these endotoxins represent reafistic challenges to process 
operations such as ultrafiltration, affinity chromatography, and the use of charged media membranes or cofumns. 

Challenge studies for LPS or endotoxin removal En process streams should be conducted at the laboratory or pilot scalę so as 
not to introduce high !evels of endotoxin or LPS into the actua] production environment. 

4. PREPARATION AND USE OF ENDOTOKBN INDICATORS 
4,1 Methodology to Create a Laboratory-Prepared Endotoxin: Principles to Consider 

Glass vial Els purchased from third-party vendors do not need further preparation before use. These indicators are labeled 
with a nominał vafue of inoculated LPS, and the label eta im should be confirmed upon receipt to assure that there is sufficient 
activity (endotoxln unit, or EU) available for the study. 

■ There is not one "best" or "standard" method for preparing endotoxin in the laboratory, but one example of a published 
method for the preparation of laboratory-prepared endotoxin may be found in Bowers and Tran (2), Regardless of the 
methodology for preparation, the following recommendations should be considered fo properly and consistently pro- 
duce, identify, and malntain laboratory-prepared endctoxin for use as a tool for depyrogenation studies. An appropriate 
Gram-negative bacteria] strain from a recognized culture collection Is a good choice for preparing a laboratory-derived 
endotoxin ł Afternatively, a Gram-negalive organism isolatecl from a facility, water system, raw materiał, or product that te 
identified to the spedes level, that has been shown to be geneticaEly stable and that is properly maintained, may also be 
considered. Establtehing the identity and baseiine genetic fingerprint of an environmentat organism will assure that subse- 
quent preparations are constetent. 

* The laboratory should create detailed procedures or laboratory work instructions for culture maintenance and endotoxin 
preparation to assure constetency between batches of endotoxin. For examp3e, endotoxin may be isolated from a culture 
of Gran>negative bacteria, according to the method of Bowers and Tran (2) or a welhdocumented variatron of that meth¬ 
od. Whatever the methodology for growth and endotoxin isolation that is developed by the laboratory, the methodology 
should be documented and used consistently. 

» Constetent with good microbiologicat practice, the culture and maintenance of the celte used to produce a laboratory- 
prepared endotoxin should be constetent with Microbiological Best Laboratory Practices (111 7), Instructions on 1) the prop- 
er maintenance of the organism; 2) growth conditions, including any reguirements to prepare media, nutrient require- 
ments, and time/temperature of ineubation; 3) methods for eryopresen/a tron or lyophilEzatEon for master celi banks and 
working celi banks; 4) storage of the endotoxin, once prepared including concentration, vessel type, and rafume; and 5) 
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master batch production records to assure eonsistency in subsequent studies shouid be written, managed vta change con- 
trol, and folfowed. 

* Once isolated, the relative activity of the endotoxin preparation shouid be established by comparing its activity to a 
known LPS standard such as RSE, or a CSE that Has been standardized against the RSE* Determination of actMty m- 
volves dilutmg the endotoxin preparation and assaying the dilutions against an LPS standard curve such that the re- 
suit of the dilution falls within the rangę of the referenced standard curve. As with the CSE standard used in the bac- 
terial endotoxrns test (BET) assay from Bacterial Endotoxin$ Test (85), the activity of the endotoxin may vary, depend- 
ing on the lot of lysate and lot of LPS used for the analysls. It is recommended, consistent with the assignment of 
potency for the CSE, that activity of an endotoxin preparation be evaluated for each lysate manufacturer, lysate lot, 
and test method (gel, kinetic turbidimetric, or kiretic chromogenie) in use in the laboratory. 

The activity of the stock endotoxin preparation in EU/mL is reported as: 

(Test result in EU/mL) x (dilution factor) = EU/mL of the starting endotoxin preparation 

* Once aetivrty has been determined, and if applicable to the study design, a standard series of dilutions of the newly 
prepared endotoxin shouid demonstrate onset times that result in siope and y-intercept values that are consistent 
with ihe standard curve parameters of the RSE/CSE standard using the same lot of lysate, Tliis demonstrates that the 
actMty of endotoxin preparation dilutes and reacts with the lysate in a manner that is similar to LPS. 

° Characterization of the endotoxin preparation shouid also include data on the sta bil i ty of the preparation, because 
stability is cntical to the comparison of data from one study to the next. If the endotoxin preparation is stored, stor- 
age parameters including the concentration of the preparation in EU/mL, the composition of the vessel, the tempera¬ 
turę of storage, and the length of storage, shouid be defined. An expiratron datę shouid be assigned based on deter¬ 
mined stability* 

4,2 Inoculation of Els 

To prepare an El in house, inoculate endotoxin or LPS onto an article (carrier) that will serve as the substratefor the EL Carri- 
ers for Els can be anything that is subject to depyrogenation such as: vtals (for dry heat depyrogenation), stoppers (for stopper 
washing), stainless Steel coupons (for vessel cleaning), or product (for depyrogenation of process streams). 

The simpiest way to inoculate these indicators is to add a smali volume of a highly concentrated sofution of endotoxrn or 
LPS to the carrier. The vo!ume and concentration of added endotoxin or LPS shouid be calculated to add at feast 1000 EU to 
the carrier, although higher or fower concentrations may be justified based on historical data on the endotoxin eon tent of the 
materiał [Notę— The remaining discussion assumes a 1000-EU inoculum, but the princfples hołd for any level of rnitlal inocu- 
lum*] For nonliquid carriers, the endotoxin is *fixed" or dried onto the carrier substrate* This fixing step is most easily accom- 
plished by drying in a unidirectional air flow cabrnet or hood, although ofher drying methods including vacuum drying, fyo- 
philization, and other fixation methods could be used* In depyrogenation challenge studies, once a fixmg method is chosen, it 
shouid not change in subsequent studies to assure comparability of results* Before using the Els, a recovery procedurę, eonsist- 
ing of a reconstitution or extraction method, shouid be developed and verified for eonsistency (3)* 

For fiquid carriers such as bufk product, the !evel of inoculation in EU/mL shouid be justified based on "worst case" challenge 
for the depyrogenation step under study, meaning that the highest concentration of endotoxin that could be in the upslream 
product, based on process knowledge and historical endotoxin values, shouid be used. Such justification shouid take all contri- 
buting factors into account, including but not limited to: Gram-negative bioburden in raw materials and bulk; endotoxm con- 
tent in raw materials induding water, contributions by product contact surfaces; and the effect of hołd limes, particularly for 
nonsterile bulk, 

43 Recovery of Endotoxin from Els 

To use Els, it is necessary to recover and quantify the actMty of the endotoxin or LPS from both unprocessed indicators 
(Controls) and from processed indicators (I.e*, those that have been through the depyrogenation process). LPS tends to adsorb 
to surfaces and may aggregate or disaggregate in sorne product matrlces; therefore, recovery of activ(ty from Els madę with 
LPS is often not 100% of the nominał or measured spike value. This sectlon addresses the meLhodology for recovery and possh 
ble strategles for addressing recoveries that may be obsen/ed in challenge Cesting, 

In the case of commerciałly avaiiab!e Els prepared with LPS, the manufacturer's directions for extraction and recovery shouid 
be followed. With such products, there shouid be little difficulty in achieving recovery within a factor of 2 of the labeled LPS 
concentration. If recoveries within the specified rangę cannot be achieved, the manufacturer shouid be contacted for lechnical 
assistance. 

For Els madę in-house using LPS, the composition of carriers, such as plastics, can affect recovery or result in inconsistent 
recovery because of adsorption. For these carriers, there is no prelabeled concentration to verlfy. In this case, the expected 
recovery shouid be based on the measure of the activity of endoloxin or LPS added to the article and the volume of extraction 
fluid used to recover it. The actua! (measured) activity in the extract shouid then be compared to the measured actMty of the 
endotoxin or LPS added to determine the percentage of recovery. 
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For example, consider a stock endotoxin or LPS preparation containing a measured activity of 100,000 EU/mL that i$ used to 
prepare in-house Els. If a voJume of 50 juL of this preparation is drled on the surface of each of a number of 10-mL vials, the 
known amount of activity added is 5000 EU. If the recovery/extraction is performed in 5 mL of water for BET, and the reeovery 
is 100%, the expected activity in the extract soiution is 1000 EU/mL 


5,Q0Q EU/yial 

5 mL extraction solutionMal 


= 1000 EU/mL 


If, however, the measured activity after extraction Is 200 EU/mL as opposed to the expected 1000 EU/mL, the efficiency of 
the extraction method is 20%. 

Recovery of endotoxin or LPS from nonliguid Els prepared In-house can follow recommendations for the extraction of medi- 
cal devtees in preparation for LAL testing. Medicai Devices—Bacteńal Endotoxin and Pyrogen Tests (161) States, "The standard 
extractEon method is to soak or immerse the device or flush the fluid pathway with extracting fluid that has been heated to 
37± 1.0°, keeping the extracting fluid in contact with the relevant surface(s) for NLT 1 h/' The volume used for reconstitution 
or extraction should be appropriate for the materiał, size, and shape of the El, recognizing that a volume too Iow may not 
effleiently recover the endotoxin or LPS and that excessive volumes wil! unnecessanly dilute the endotoxin or LPS LhaL has 
been extracted. 

If the recovery of added endotoxin or LPS is variable, an alternate extraction method may be deveJoped and validated. Thls 
may include agitation or mixing, sonlcation or altemative extraction Solutions, A combination of extraction in 0.01% sodium 
laurel sulfate, sonieation, and vortex mixing is one sueh approach that has been reported to be morę effeetive than extraction 
in water for medicai devices {4-6). Gther extraction methods are summarlzed by Bryans et al. (7) and in ANSI/AAMI standard 
ST72:2011 (5), 

Another sEtuation concerns liqurd endotoxin or LPS preparations that are used either to validate a depyrogenation process In 
a process stream or to investigate the destructlon or removal of endotoxin or LPS in a manufacturing process. In these cases, 
the initial concentration of the stock liguid endotoxin or LPS soiution shouid be measured before it Is added to the system or 
process. If some of thls preparation is added ("spiked") to a bulk process soiution that is then subject to a partlcular process or 
treatmeni, the activity of endotoxin or LPS in this bulk soiution should be measured and recorded as Lhe starting activity. It is 
important to determlne whether changes in the endotoxin or LPS activity of the processed soiution are due to effects of the 
process and not to instability of the LPS or endotoxin tn the soiution. The stability of the activlty of the LPS or endotoxin in 
these preparations should be verified over a period appropriate to the proposed use of the preparation. 

As with the spiking method (choice of endotoxin/LPS and "fixing" process), whichever reconstitution/extraction procedurę 
is chosen should be verifled for consistency and should be used for all subsequent studies to assure comparabifity of results. 

4A Choice of Test Methodology for the Anaiysis of Els 


Any of the test methods described in (85) can be used for the anaiysis of processed and unprocessed Els. As with the rest of 
the methodology, it is highly recommended that an assay (kinetic turbidimetric, kinetic chromogenie, or gel ciot assay) be 
chosen during method development and used consistently throughout the Enitial study and En subseguent studies to assure 
that data are comparable. The use of alternate assays is permissible, provided that they are validated to assure that they are 
equivalent to or non-inferior to the standard compendial assays. 

5. ANALYSIS OF RESULT5 OF DEPYROGENATION STUDIES 


To evaluate the effectiveness of a depyrogenation process, the residual activity that is recovered from processed indicators is 
compared to the endotoxin or LPS activity of unprocessed Controls. Typically, the log ]0 of the endotoxin or LPS activity meas¬ 
ured for the processed El (or soiution) is subtracted from the log 10 of the measured endotoxin or LPS actlvlty of unprocessed 
contro! indicators. The result of the subtraction is the log reduction that is attributable to the depyrogenation process. If there 
are multiple Controls and/or samples of processed materia! (and there usuaily are), the most conservative approach is to sub- 
tract fhe highest logconcentration recovered from the processed Els (or soiution samples) from the lowest log 1{} unprocessed 
control endotoxin activity. For example: 

• The activities in three unprocessed Els are 1286, 1000, and 1532 EU/mL 

* The activities in three processed Els are 0,634, 0.512, and 0.496 EU/mL 
The log reduction is calcu!ated as: 

1og 10 (1000) - log T0 0.634 = 3 - (-0.198) = 3.198 log reduction 

Historicafly, a >34og reduction has been requtred by regulatory/compliance guidance. However, depending on the process 
and historical data, a 3-log reduction may be either excessive or inadequate. For exampie, for glass via]s with a Iow or non- 
measurable endotoxin content upon receipt, the requirement to continually and repeatedly revalldate with an acceptance cri- 
terion of a 3-log reduction of the endotoxin spike of >1000 EU is excessive. AItematively, a fermentation process with an endo- 
tox!n content of >10 7 EU/mL in the clarified culture supematant will reguire morę than a 3-log reduction to achieve safe levels 
of endotoxin En the drug substance or drug product. Additionaily, gtven the sensitivity of BET assays, it may not be necessary 





USP 40 


General Information / (1229} Sterilization of Compendial Articles 1807 


to sptke with 1000 EU to demonstrate a 3-log reduction. for example, tf the assay sensitmty is 0.005 EU/mL, one may choose 
to spfke with 50 EU and demonstrate an ultimate recovery in the test articles of less than 0.05 EU/mL, which calculates to 
greater than a 34og reduction. In any event, the design of experiments including an appropriate speeification for the log re- 
duction of processed indicators and requlred test sensitivity to demonstrate the speeified log reduction should be established 
and Justified in a preapproved protocol for the study, The total reduction, of course, may be achieved over severaJ steps in a 
purif kation process. Thus, the necessary reduction is often achieved additively over the course of multiple purifkation steps. 
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BACKGROUND AND SCOPE 

This generał Information chapter provides an overview of the conoepts and prindples involved in sterilization (by various 
modes) of compendial articles that must be stenie. It includes information about supportive sterilization processes utifized in 
their preparation. 1 Morę detailed recommendations are presented in specific information chapters for each sterilization modę; 

* Sfeom Sterilization by Dtrect Contact (1229.1) 

* Moist Heat Sterilization o fAgueous Liquids (1 229.2) 

■ Monitoring of Bioburden (1229.3} 

* Steńlizing filtration of Uąuids (1229.4) 

* Biological indicators for Sterilization {1229.5) 

* Liquid Phase Sterilization (1229.6) 

* Coseot/J Sterilization <1229.7) 

* Dry Heat Sterilization (1229.8) 

* Physkochemicai integrator* and Indicators for Sterilization (1229.9) 

* Radiation Sterilization <1229*10) 

* Vapor Phose Sterilization <1229.11) 

In the strictest definition of sterility, a specimen is deemed sterile only when there is a compfete absence of viable microor- 
ganisms (bacteria, yeasts, and molds), but sterility cannot be demonstrated with respect to compendial articles and other 
items because of the inherent limitations of the current test {see Sterility Tests (71)). Sterility, therefore, is defined in probabifts- 
tic lerms that establish an acceptable level of risk. Sterility can be accomplished only by the use of a vaiidated sterilization 
process under appropriate current good manufacturing practices and cannot be demonstrated by relrance on sterility testing 
alone. The basie prindples for control of sterilization processes, including method development, validation, and ongoing assur- 
ance, are as follows: 

1. Sterilization process development that includes evaluation of the stabiJity and compatibility of materials, Container integrr- 
ty, expected presterilization bioburden, eguipment method control parameters, etc. 


1 These processes may abo provide depyrogenation, the extent of which depends on the actual sterilization conditions. (Depyrogenation by various means will be 
addressed in a chapter under devetopmenL) 
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2. Identification of sterilization process parameters that preserve the inherent properties of the materiais yet inactivate or re- 
move microorganisms. 

3. Demonstration that the sterilization process and equ»pment are capable of operating within the prescribed parameters 
and correspondfng to independent measurements of the criticaJ parameters. 

4. Performance of replicate studies that represent the operational rangę of the eguipment and employ actual or simulated 
product The use of biological indicators for correlation between the measured physical parameters and the expected te- 
thality is recommended wherever possible. 

5. Maintenance and monitoring of the va!idated process during routine operation. 

6. Assurance that the bioburden (number and type) of the materiais is acceptable and is maintarned within predetermined 
limits during routine operation. 

VALIDATION OF STERILIZATION PROCESSES 

VaJidation of sterilization processes requires knowledge of sterilization technology and use of the appropriate instrumenta- 
tion and egutpmenl to control and verify criticaJ sterilization process parameters. An important aspect of the sterilization vali- 
dation program involves the use of biological Indicators when appropriate. Ali sterilization processes should be maintained in a 
State of validation that indudes periodic regualification. The va!idation program for each type of sterilization comprises several 
formally documented stages. 

The generał principles of validation programs are applicable to all sterilization procedures. Individual detaiis are presented in 
the speeific USP informational chapters for each sterilization modę. 

The process devebpment stage investigates and estabiishes the operating parameters that define the Controls that will be 
used for the sterilization process. Portions of the cycle development can be performed in a laboratory setting. The installation 
guafificotion stage estabiishes that equipment Controls and other instmmentation are installed as specified and caiibrated, Doc- 
umentation should demonstrate the acceptability of the reguired Utilities such as steam, water, and air. The operational ąualifi- 
cation stage confirms that the equipment functions within the defined sterilization parameters. The performance ąuotification 
stage of the validation program directly evaluates the sterilization of materiais or articles. This determination reąuires inde¬ 
pendent parameter measurement during the sterilization process, as well as biological challenges in operational confjgurations. 
Correlation between the physical measurements and the demonstrated microbiological lethality or removal capability for steri- 
lizing filtration methods supports the effectiveness of the sterilization process. The routine process controi stage of the steriliza¬ 
tion process reguires a number of supportive practices and rs outlined in detali helów. 

ESTABL1SHING AND JtlSTIFYING STERILIZATION PROCESSES THAT RELY ON MICRO BI AL 

INACTIVATION 

Articles intended to be stenie must attain a <10-* probability of a nonstenle unit, i.e., less than or equal to one chance in one 
million that viable bioburden microorganisms are present. [NOTĘ—This is also cailed the Sterility Assurance Level. The term 
Probability ofa Nonstenle Unit (PNSU) is used throughout this chapter because it is descriptive and substantially easier to under- 
stand.] This PNSU can be accompiished by baiancing the method effect on the materiais and the destruction of fhe bioburden 
(see Figurę ?). Three methods are currently in use: overkill, bioburden/biological indicator, and bioburden-based methods. 
These methods are described in greater detaif below, Regardless of the method chosen, the objective rs a maximum PNSU of 
<10 tó for the bioburden. An overkill method is the simplest method to establish but Has the greatest impact on materiais. The 
bioburden-based method requires the most method control but subjects the materiais to the least stressful conditions. Confi- 
dence in the process'* lethality is the same, regardless of the method utiiized. 


Demonstrated PNSU 



Figurę 1. A basie comparison of various validation 
methods. 

For items that are essentlally unaffected by the sterilization process, the overkifl method is preferred because of Its simplicity. 
Overkill sterilization can be defined as a method in which the destruction of a high concentration of a resistanl miernorganism 
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supports the destruction of reasonably antidpated bioburden present [n routine processing, That objective can be demonstra- 
ted by attaining any of the following: a defined minimum lethaJity; a defined set of method conditions; or confirmation of 
minimum log reduotion of a resistant biological indicator, 

If articles could be damaged by extended exposure to the sterilization process, it may not be feasible to employ an overkil! 
method. In these In stan ces, demonstrating the effectiveness of the sterilization cyde requires not on ty Information about the 
delivered method conditions but also knowledge about resistance and controI of the population of the materials 1 bioburden, 
This method is widely used for the terminal sterilization of heat-fabrle Solutions and laboratory media, This sterilization strategy 
is variously called the bioburden/btological indicator or combination based method and is defined thus: 

Bioburden/bioJogical indicator based sterilization is an approach in which the incomplete destruction (or destruction of a 
modest population) of a resistant biological indicator can be used to demonstrate the capability of the method to reliably 
destroy the bioburden present. This is accomplished using detailed knowledge of the bioburden and biological indicator 
populattons and their relatrve resistance. 

The bioburden-based method is used when materia! stability is limited or when there are no suitable biological indicator 
microorganisms available to use with the sterilizing process, Customarily, radiation sterilization is validated using the biobur¬ 
den based method, The bioburden-based method can be defined as: 

A method in which bioburden sampies from the materia! are routinely evaluated for resistance to the sterilization process 
and may be utilized to demonstrate the effectivene$s of the process, Routine monitoring of the bioburden population and 
its resistance to the steriiization process is mandatory, 

Filter sterilization of Itguids and gases differs from other sterilization modes because filtration relies on removal of microor- 
ganisms from the fluid rather than inactiyatron by Chemical or physical means, 

D-Value and Microbial Resistance 

The Dwalue is the time (customarily in minutes) or radiation dose (customarily in kGy) required to reduce the microbial pop¬ 
ulation by 90% or 1 log ł0 cycie (Le,, to a surviving fraction of 1/10) and must be associated with the specific lethal conditions 
at which it was determined (see Figurę 2), For steam and dry heat, the D-value is a function of temperaturę. In gas sterilization 
(ethylene oxide, GO*, or 0 3 ), D-va!ues are a function of the Chemical concentration, relative humidity, and temperaturę. Simi- 
larly, for liquid Chemical sterilization the D-value Is a function of the temperaturę and sterilant concentration. [Notę —Deter* 
mining the D-value for vapor (condensing) Systems such as H 2 0 ?; H 2 0 2 plasma, and peracetic acid is complex because of the 
biphasic naturę of the materials, Radiation and filtration sterilization are vafidated using unique methods. These processes are 
yalidated by methods that differ from those in this introductory chapter.J 



Time 


Figurę 2. Graphlcal representation of D-value, 

The Dwalue i$ not an inherent attribute of the microbe only, so the influence of other factors such as substrate, matrix, re- 
covery media, and test methodology must be considered in Dwalue determination. The resistance of a biological indicator is 
defined for the indicator as a system. Accurate assessment and comparison between D-values reguires standardization of test 
methods. To properly eyaluate the effectlyeness of a sterilization process, analysts must evaluate the resistance of the biobur¬ 
den experimenta!ly or via a literaturę search, 

The death curve for microorganisms subjected to a sterilization process is compnsed of three distinct regions (see Figurę 3): 

1, Survivor curve region —Where yiable microorganisms can be recovered and counted to determine the slope of the death 
curve. Using survivor counts in short exposure periods, the first section of the death curve can be drawn to where the 
population is approximately 10 CFU. 

2, Fraction negative region —Where replicate studies with multiple biological indicators are used to estimate the slope. This 
can extend the demonstrable portion of the death curve to approximately ICH to TCH. 

3, Estimated region —Where the death ratę curve established by either the survivor curve method or fraction negative meth¬ 
od is extrapolated to the desired PNSU, Bdow ICH the death curve is assumed to be linear and is depicted in Figurę 3 by 
the dashed linę beyond the point assuming that the death of microorganisms continues at the same ratę. 
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Figurę 3. Death curve showing the various regions. 


As stated earlier, the goal of the sterilization proeess is inactivation of the bioburden without adversely affecting product 
quality attributes* Demonstration of the lethality of a sterilization proeess under routine operation relies on differences m the 
relative resistance and population of the bioburden relative to the biological indicator (see Figurę 4). Where the overkili method 
is used, bioburden Controls can be less ngorous. 



Time 


Figurę 4- Relative resistance and population of typical biological indicator and bioburden microorganisms. 


Validation of sterilization processes links physical measurements with biological indicator performance to establish method 
lethality. [NOTĘ— In radiation sterilization bioburden response is linked to physical irradiation dosage measurements.] Knowh 
edge of the method's effect[veness coupled with bioburden Controls on the matenals under processing and Information on 
bioburden resistance allow determination of the probability of a nonsterile unit. 

Analysts must know the resistance of the biological indicator to the proeess in order to ensure that the organism's response 
to the proeess is property understood. Egually important is an understanding of the bioburden present dunng routine use of 
the sterilization proeess and its possible resistance to the chosen proeess. 


Biological and Physical Data 


The biological indicator, when used, is a convenient means to stmplify the sterilization validation effort. Biological indieators 
customarily are bacterial spores that have established resistance to the sterilization proeess under evafuation* When supplied as 
spores (on a substrate or as a suspension) with known init al population and resistance, their response to the method can be 
correlated to the measured physical conditions. Spores are preferable as biological indieators because their resistance and pop- 
ufation are predictable and stable when they are handled, stored, and used as recommended. 

The spores can be placed in the sterilization load in locations where physical parameter measurements such as temperaturę 
or gas concentration cannot be easily obtained (e.g., within needle fumens, syringes, and ampuls) or where measurement may 
alter the delivered conditions (e.g., sampling of the lethal gas). The biological indicator provides a means to directly assess the 
sterrlizmg effect of the method in a manner not possible by physical measurements. The lethality-based physical measurement 
and biological inactivation data from a sterilization proeess should be In reasonabte agreement. When this is not the case, an 
investigation should be considered. 
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Change to read: 


STERILIZATION INDICATORS AND INTECRATORS 

The execution of sterilization processes can be supported by physica! and Chemical indicators and integrators that provide 
an indication that Processing is completed. These are avaifable in many different formsfor use in conjunetion with many com- 
mon sterilization processes. 

Sterilization indicators respond to sterilization process parameters in a nonquantitative fashion; i.e,, they show passing or 
failing results. They are useful in an operating environment as a means to Identify whether an item has been exposed to a 
sterilization process. They are of min imał use in directly establishing process effkacy. Sterilization integrators are morę sophisti- 
cated devices that react quantitativefy in response to one or morę of the critical sterilization parameters and yield a result that 
can be correłated to lethality. The most sophisticated integrators are radiation dosimeters that are so accurate and robust that 
their use has displaced the use of biological indicators for the vahdation of radiation sterilization. Additional detaiJ about inte¬ 
grators and indicators can be found in • Physicochemicol Integrators and Indicators for Sterilization (1229,9} # (CN1 . May . 2m?r 

STERILIZATION PROCESS DEVELOPMENT 

An important consideration in any sterilization activity is the selection of an appropriate process from the many possible ah 
ternarives: steam, dry heat, gas, radiation, vapor, Chemical, or filtration. The choice of the appropriate method for a given item 
reguires knowledge of the sterilization process and information conceming effects of the process on the materiał being steri- 
lized. The selection of a partkular sterilizing treatment and the details of its execution often represent a compromise between 
the conditions required to destroy or remove the bioburden to the desired Ievel and the impact of the sterilization process on 
the materiais being protessed. Sterilization processes should be sufficiently robust for certainty of microbial inactivalion whjle 
avoiding adverse consequences to materiał quality attributes. 

The overkill method employs conditions that are capable of destroying a high concentration of a resistant biological tndica- 
tor and thus are a greater challenge to materiał integrity and stability. Overkill is employed only where the items being steri- 
tized can withstand extended exposure to the sterilizing process and is used most commonly for metal, glass, and other items 
that are unaffected by process exposure. Its use is always preferable where materiais can toferate the morę aggressive condi¬ 
tions utilized. 

The half-cycle validation method is a special case of the overkilf method in which a lethal cycle to the biological indicator is 
arbitrarily doubled. Its use unnecessarily exposes materiais to harsh conditions, and it should be avoided. 

Bioburden/biological indicator (or combination) methods are appropriate when the product has some sensitivity to the steri- 
lizing conditions. Analysts commoniy use it forlarge- and small-volume parenterals, in-process Solutions, and labo rato ry media 
for which the materiał properties would be impaired by a Jengthy exposure to the sterilizing conditions. The proper use of the 
method requires control over the presterilization bioburden levels and confidence that the bioburden^ resistance is such that it 
will be destroyed during processing. The compiete destruction of or the use of a high population of the bioburden/biological 
indicator is not necessary for use of thls method because it relies on differences in the refative resistance and population of the 
biological indicator and bioburden microorganisms. 

The bioburden method bases the sterilization duration soiely on the expected population and resistance of the bioburden on 
the materiais. This ts the method of choice for ali radiation sterilization. It relies on periodic bioburden monitoring and resist¬ 
ance screening to establtsh confidence in the method. The bioburden method does not reguire use of a biological indicator. 

Filtration is used for liquids and gases that either will not withstand heat, radiation, or Chemical sterilization processes or are 
morę conveniently sterilized in-line. 


ROOTINE PROCESS CONTROL 

After a sterilization process has been initialty vaiidated, it must be maintained in that State to ensure continued acceptable 
operation. Thls is accomplished by a number of related actmties that are essentiaf for continued use of the method. 

Calibration —Eguipment instmmentation must be periodically calibrated against a traceable standard. This tncludes re- 
cording as well as controlling Instruments that regulate the operation of the equipment 

Physical Measurements—Da ta reported by the equipment sensors and recorders must be verified after the completion of 
each sterilization cycle. The records from the sterilization equipment are an essential part of the documentation. 

Physical tntegrators/lndicators —When they are used, integrators, and to a lesser extent indicators, provide an immediate 
indication of method execution and differentiate between processed and unprocessed materiais. When these integrators 
provide a direct indication of method lethality (e.g., radiation dosimeters), they can be used for materiał release. 
Parametric Release —The release of fintshed products wilhout sterility testing is addressed in Terminally Sterilized Pharma - 
ceuticoł Products —Parometnc Release (1222). 

Additional Considerations —Depending on the specifics of the particuiar sterilization process, there may be additional re- 
guirements for confirming method efficacy. These Can include bioburden sampling, bioburden resistance determinatfon. 
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biological indicator resistance determination, and supplier audits. As applicabJe, these aotivities should be carried out to 
maintain the sterilization process in a validated State, 

Change Control —To maintain a validated State, materiały procedures, and equipment that influence the sterilization proc¬ 
es s should be monitored to ensure that alt ehanges are recorded and evaluated in terms of their potential impact. To ac- 
complish this, analysts must establish a formalized system for change control. 

Preventive Maintenance —The user should establish a defrned preventive maintenance program for each piece of sterilizing 
eąuipment in accordance with the equipment manufactureris written recommendation, Preventive maintenance repre- 
sents a speefal class of predefined ehanges that have no adverse effects on the operation of the system and thus do not 
require evaluation under change control. 

Peńodic Reassessment —tn the absence of change to the materiais, method, or eąuipment, the effectiveness of sterilization 
processes should be reconfirmed on a periodrc basis. This system should be formalized and should address the potential 
impact of a number of de minimus ehanges or undetected ehanges to the validated system, In the absence of change, 
the amount of mformation reguired to support a sterilization process is less than that reąuired for initia! acceptance of the 
sterilization process. 

Training —Sterilization processes rety heavily on scientific principles for the effective destruction of microorganisms. Scien- 
tists and engtneers wdl-grounded in the principles of microbial death and removal develop processes to ensure effective 
sterilization. Individuals involved m the development of sterilization processes reąuire a background in microbiology, 
physics, chemistry, and engineering, and they must be familiar with good manufactormg principles and reguiations. Steri¬ 
lization is an interdisoipfinary activity where the combined knowledge of a group of indhriduals is generally reąuired for 
the establishment of a reliable process. In addition to the sterilization process development team, individuals responsibie 
for maintenance and operation of sterilization processes must also be trained appropriately to ensure that their actions 
contribute to success, These individuals are often the first to fdentify upsets and shifts in process performance because of 
their intimate involvement with it. Effective training programs should be established and documented. Training programs 
should emphasize sterilization principles, adherence to established processes and procedures, and the importance of doe- 
umenting deviations from normal operations. 
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(1229.1) STEAM STERILIZATION BY DIRECT CONTACT 

SCOPE AND BACKGROUND 

Steam sterilization is perhaps the most common of all sterilization processes. It is used in settings ranging from practitioner 
offices to large-seale manufacturing facilities, The diversity of practices that use steam sterilization is reflected in the rangę and 
sophistication of the eąuipment used. This generał Information chapter addresses sterilization tn which saturated steam comes 
into direct contact with the load items (whether wrappec or unwrapped) and provides an overview of the basie concepts of 
this modę of sterilization, ineluding its validation. The load items in this sterilization process are variously termed parts, compo- 
nents, hard goods, wrapped goods, or porous goods. These items may be metallic, glass, ceramic, elastomeric, or polymeric 
materiais that have tittle or no sensitivity to thermal degradation at the sterilizing temperatures. For steam sterilization by di¬ 
rect contact, it is customary to sten liże items using an overkilt method. 

Sterilization of liguid-filied containers may be substantially different Moist Heat SterilUation ofAgueous Liąuids (1229.2) pro- 
vides Information about applications in whrch steam is a heating medium but is not in contact with the sterilization target, the 
liguid in the Container. 
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SATURATED STEAM 

Saturated steam is a biphasic mixture of t\ 2 0 in gas and liquld phases in thermal equi[ibrium. Saturated steam has a singufar 
tempera tu re-pressure relationship in which both phases are present, and at a given temperaturę only one pressure is possibte 
for saturation. The importance of using saturated steam for sterilization arises primarily from two attributes. First, saturated 
steam rapidly kills microorgamsms because of the presenee of liquid water, Steam heated above saturation, also termed super- 
heated steam, lacks liquid water, and although it is higher in temperaturę than saturated steam it is subsfantially less fethal to 
microbes. Second, when steam cbanges phasefrom gas to Jiquid, it refeases thermal energy (2202 kj/kg at 121°) that is trans- 
ferred to the load Items, facilitating sterilization of their exposed surfaces. 

The initial objective for saturated steam sterilization is that the air in the sterilizing chamber musi; be replaced by saturated 
steam. Residua! air within fhe sterrlrzer chamber and load items acts as both an insulator and an obstacle to steam penetration 
to all surfaces of the load items, and its removaf is essential for effective sterilization. The presenee of residua! air in the cham¬ 
ber negates the singular temperatu re-pressure refationship of saturated steam, In the absence of saturation, physrcal measure- 
ments may not provlde assurance of lethality. 

GRAVITY DISPLACEMENT CYCLES 

In the simplest autoclave cydes, air removal is accomplished by gravity displacement. Because steam is hotter and less dense 
than air, it rises to the top of the auloclave, and the coider air exits at the bottom of the chamber. Saturated steam entering 
the chamber changes into Iiquid condensate as it contacd the coider surfaces of the autodave chamber and load items, Reten- 
tion of condensate within the load reduces cyde effectiveness because it is a barrier to steam contact, and additional steam is 
needed to maintain the saturated steam at the sterilizing temperaturę. The load items, wrapping materials, and load arrange- 
ment should be designed to fadlftate air removal and condensate drainage, In gravity displacement cycles, the load sfowly 
reaches the desired sterilizing temperaturę because air removal is relatively slow compared to cydes in which its removal is 
mechanically assisted. During the exposure segment of the cycle, a themnostatic trap at the bottom of the chamber drain al- 
lows the removal of condensate (and any residua! air) from the sterilizer while maintaining sterilizing conditions, At the conclu- 
sion of the dwell period, the chamber is returned to atmosphenc pressure. 

PREVACUUM CYCLES 

To remove air morę effectively from the chamber and the load Items, sterilizers may employ multiple evacuation/pressure 
pulses in which air is replaced by steam. The number and depth of these pulses may vary. Because the alternating vacuum and 
pressure pulses may stress wrapping materials, the latter must be chosen carefully. The operation of the sterifizer during the 
exposure segment is similarto that of the gravity displacement cycle previously described. The vacuum system can be used at 
the end of the process to remove residua! steam and condensate from the load items. The selection of a specific cyde and its 
associated sterilization parameters for a given item depends on a number of factors, including the heat lability of the materiał, 
heat penetration Into the article, the itenTs mass, difficulties with air/condensate removal, and other factors described in the 
va!idation program (see below). 

STERILIZATION CYCLE CONTROL 

Stenlizers are controlled by computerized/automated systems that manage the overall process execution and data reporting. 
The systems for steam sterilization may be controlled by callbrated temperaturę and/or pressure sensors on the equipment. 
During the exposure portions of the cyde, a minimum dwel! tlme at a predefined temperaturę is required to ensure the metfv 
od lethality target (minimum time-temperature or F 0 ) is met, Cyde efficacy for steam sterilization often is measured using F 0f 
which is deflned as the equivalent exposure time at 121°. F 0 is a means for quantifying steam sterilization effectiveness by de- 
termining the equivalent sterilization time in minutes relative to a base temperaturę of 121° and a z-value of 10°; z-value is 
defined as the number of degrees of temperaturę change necessary to change the D-value by a factor of 10. The F 0 method is 
used to evaluate sterilization processes operated at varying temperaturę conditions to a single standard, 

The process lethality at temperatures other than 121° can be calcuiated to determine lethality equivalent to that provided at 
121 Moist heat sterilization process efficacy is not intrinsically linked to a target temperaturę of 121 c , which is simply the 
Celsius conversion of 250°F, and other temperatures can be used. Sterflizer control systems for direct sterilization typlęally pro- 
vide a minimum time at a defined set point temperaturę af:er the initial air/condensate removaL Steam sterilizers are control¬ 
led using temperaturę sensors located in the drain linę befere the thermostatie trap, although other control schemes may be 
used. The temperatura at this iocation typically is recorded for permanent documentation of sterilizing conditions. In steriliza¬ 
tion by direct contact, exceeding the minimum time-temperature requrrements or F 0 is acceptable because of minimal adverse 
consequences to the materials being sterifized. 

Total lethality can be calcuiated over the course of the process. For the specific reference temperatura of 12T and a z-value 
of 10°, the total accumulated F 0 can be determined by the following equation: 
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where 

tj - start time 
t 2 “ end time 
T = temperaturę 

Summing the instantaneous lethality contributions over the entire sterilization process allows the cal Cula tion of the overall 
process lethality or f Q delivered* The F 0 calculation should begin at 100° and should continue through the end of the dwell 
period provided that saturated steam conditions are maintained. 

VA LID ATI ON OF STERILIZATION BY DIRECT CONTACT 

The predominant approach for steam sterilization by direet contact is the overkilJ method deflned in Sterilization of Compen- 
dial Artkles (1229). Overkill sterilization is a method in which the destruction of a high concentration of a resistant microorgan- 
ism is correlated with the destruction of reasonably anticipated bioburden present during routine processing. That obJective 
can be demonstrated by attaining any of the following: a defined minimum lethality { F 0 ) f a defrned set of physical conditions, 
or confirmation of a minimum log reduction of a resistant biological indicator. 

The validation requirements for the overkill method are less onerous than those for other methods such as those based on 
bioburden or bioburden/biologtcal indicators. When the load items can withstand substantiai heat without adverse conse- 
quence, overkill is the method of choice for steam sterilization because of its ease of execution, reduced considerations for bio¬ 
burden eon troi and overall simplicity. 

Equipment Qualification 

Eguipment qualification is a predefined program that examines the equipment to confirm that it has been properly installed 
and operates as intended before the sterilization process. Egulpment qualification can be separated into installation gualifica- 
tion and operational qualification, or can be considered joint installation and operationaf qualification. The qualification effort 
provides a baseline for the sterilizeris preventive maintenance and change contro). 

Empty Chamber Temperaturę Distribution 

A common procedurę to evaluate steam sterrlizer installation is the evafuation of the empty thamberis performance. Each air 
removal method used in the sterilizer is evaluated by temperaturę measurement near the corners of the sterilizer chamber, 
near the controlling probe, and other locations as appropriate. The distribution of temperatures in the empty chamber should 
be determined only by sensors located in fhe chamber, and the temperatures of the chamber drain or outside the chamber 
proper are not directly relevant in this validation activity, Differences in the cyde dwell period can be ignored because only the 
shortest dwefl period for each air removal method must be evaluated. The acceptance criteria for this test vary with the steriliz- 
eris capabilities and customary use. Biological indicators are not required in the evaluation of empty chamber temperaturę dis¬ 
tribution. 


Component Mappimg 

Items that are steam sterilized can be quite complex and may have interior void volumes, obscured surfaces, crevices, and 
difficult-toreach product contact surfaces that must be sterilized. The ability of saturated steam to penetrate the wrapping ma- 
terials or containers and to reach the surfaces should be established for each item. Although this is relatively easy for simple 
items such as spatulas, beakers, and other simple geometrie shapes, it can be substantially morę difficult for filling assemblies, 
filter housings, tubing, and hoses. Analysts should conduct studies to determine cold spots in items to ensure that heat pene- 
tratron takes place throughout the load Items using thermocouples in contact with the item's surface. These studies can be 
performed in a faboratory setting and need not be repeated when the same item is sterilized in multiple autoclaves. During 
this evaluation, aII load items should be wrapped and oriented in a manner that fadlitates steam ingress and air and conden- 
sate removal. Items must be wrapped and oriented in an essentially identical manner for reproducible sterilization. 

Load Mapping 

The determination of loading patterns is an essential practice for terminal sterilization of aqueous liguids by moist heat (see 
Moist Heat Sterilization ofAgueous Uquids(]229.2)) i but this practice is not a critrcal concern regarding direet sterilization of 
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items because differences between components piay a greater role than location within the toad. 1 Loads for direct steam sterL 
lization can be validated using a maxśmum and minimum load as determined by either the number of each item or their mass. 
Best practices include placing larger items on the lower shelves, allowing condensate from these items to exit the sterilizer with 
minimal contact with other foad items. 


Biologkal Indicators 

The tommonly used biologkal indieator for steam sterilization by direct contact contains spores of CeobadUus stearothermo- 
philus (ATCC 12980 or ATCC 7953), a thermophilic microorganism with a moist heat resistance substantially greater than that 
of most vegetative microorganisms. The spore challenge can be placed on a substrate within or on a load item, or the chal¬ 
lenge can be a load item that is inoculated with a spore suspension. When biologicai indicators are used according to the 
manufacturer's directions, the resistance Information provided by the vendor can be used. End users must determine the pop- 
ulation and resistance of inoculated items they prepare. 

Heat Penetration and Mkrobiologkal Challenge 

The goal of the validation activity is the conflrmation of acceptable heat penetration using temperaturę measurements and 
biologicai indieator challenges, Customarily fehis study is performed under conditions where the exposure time and/or temper¬ 
aturo are reduced slightly from the routine set points, Thermocouples and biologicai indicators should be placed with load 
items al the locations determined to be most diffrcult to heat during component mapping, Thermocouples should be in con¬ 
tact with the itenVs surface, Analysts must take care in the insertion of thermocouples and biologicai indicators so they do not 
alter the abtltty of the steam to enter the objects being challenged, This diffkulty can be overcome with specfal fittings for 
thermocouple entry or by placement of temperaturę probes in units placed near the units that contain biologicai indicators. In 
the latter case, replicate studies provide proof of cyde efficacy when both the biologicai indicators are killed and the physical 
measurements correspond to the expected time-tempe naturę vafues or F 0 , If the microbial and physical measurements do not 
meet predefined acceptance criteria, an investigation is reguired and corrective actlon is necessary to rectify the diserepancy. 

Routine Process Control 

As with all sterilization processes, after vafidatjon, steam sterilization must be subject to formal Controls that maintain tt in a 
valldated State over time* Sterilization of Compendial Artides (1229) outlines the generał reguirements for all sterilization pro¬ 
cesses induding training, calibration, physical measurements, physical integrators or indicators, ongoing method control, 
change control, preventive maintenanee, and periodic reassessment. 
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(1229.2) MOIST HEAT STERILIZATION OF AQUEOUS LIQUIDS 


INTRODUCTION 

Steam sterilization of agueous liguids (induding both suspensions and emulsions with mixing), also known as sterilization of 
nonporous ioads, Is the method of choice for aqueous parenteral products, in-process aqueous liquids, laboratory media, and 
biologicai waste materia Is. This type of sterilization is accomplished primarily in closed containers* During steam sterilization by 
direct contact (also called steam sterilization of parts, hard goods, or porous items) the steam in the chamber directly contacts 
the surface of load items to effect sterilization (see Steam Sterilization by Direct Contact (1229.1)). In contrast, sterilization of 


1 A Rlsk-Eased Approadi to Variable Load Configu radon Validation in Steam Sterilization: Applkalton of PDATedinicaf Report 1 Load Equivalence Topie. A. Pavdl 
and KA Hughes, PDA j Pharm Sd and Teeh 2010, 2010 Mar^Apr;64C2): 124-’ 36, 
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liquids in containers is accomplished by application of heat to the Container, heating of the Container wali, and ultimately 
heating of the interna! iiquid volume. This can be accomplished using steam, superheated water, and air in varfous combina- 
tions. Some aqueous iiquids are susceptibfe to over-processing that couid render them unfit for their intended use. Manufac¬ 
turers shoufd consider the influence of tliese dffferences when they establish a suitable process, 

During the sterilization of liąuid-filled containers, differential pressures between the interior of the containers and the sterili- 
zation chamber may potentially impact Container integrity. Air over-pressure is used to minimize the pressure differential be¬ 
tween the Container and the steritlzer to protect the Integnty of the Container, espedally prefilled syringes and plastic contain¬ 
ers. Before sterilization of product containers, manufacturers should consider the potential adver$e consequences of excess 
heat on the materials. In order to ensure sterility as well as functionality, the process defmition and validatron method used 
must incorporate both lower and upper temperaturo and time limits on the process conditions. 

When the overkill method can be used for sterilization of sealed liquid containers, it is the preferred method and is described 
in Steam Sterilization by Direct Contact {1229A). When product quality attributes can be impaired by excessive heat, the sterili¬ 
zation process should use less time or a lower temperaturę to minimize the adverse effect on the materials. Sterilization time- 
temperaturę or F 0 conditions (F 0 is defined as the equivalent sterilization time relative to a base temperatura of 121 °) tnclude 
both lower (sterility-related) and upper (stability-related) limits. 1 Manufacturers commonly employ the bioburden/biologfcal 
indicator (BB/B1) or bioburden methods when constraints on the materiał 1 * ability to withstand the process reguire the use of 
less aggressive conditions. This approach requires appropriate Controls on presterilization bioburden and/or product-retated D- 
values in conjunction with bioindicators of lower spore count or resistance to ensure sterilization. 

Terminal Sterilization of Products 

The maintenance of product attributes may reguire the use of sterilizing conditions that are less aggressive and sterilization 
equipment, cycles, and validation methods adapted to these morę restricted circumstances. The substantial variations in 
equipment designs and methods for terminal sterilization preclude a singular description of a typicaf cyde. Ali terminal steriliz- 
ers heat the load, but they accomplish this in varying ways: saturated steam; steam-air mixtures, steam-air-water mixtures, 
and superheated water, Air over-pressure for maintenance of Container integrity and cooling containers and water for heating/ 
cooling of the load may be present depending upon the autoclave size, throughput expectations, and Container. 

In-Process Fluids 

In-process fluids are used for pH adjustment, dilution to a specified volume, lubrication, and other purposes. In many instan- 
ces these liguids are sterilized in conjunction with items that must be sterilized by direct steam contact, and the sterilization 
process must ensure that all items are adequately sterilized. 

Laboratory Media 

Laboratory media often are sterilized in standard steam autodaves with minor adaptations. Provision for slow exhaust (to 
reduce stress on Container integrity and minimize botl over) and jacket cooling can help improve the basie steam sterilizer de¬ 
sign and operation to better accommodate the materials. The sterilization process may be specific for media containers or a 
combination of both iiquid-filled containers and hard goods, This process may resembie the methods used for terminally steri¬ 
lized products (see above). The sterilization of laboratory media may en taił the processing of a number of different containers 
that contain different materials. Manufacturers should be aware of the potential for under- and over-processing across the load 
and must consider Container size, Container contents, and position. When tiquid-filled containers are combined in the same 
load with hard goods, manufacturers must consider the unique concerns of each to ensure all items are properly sterilized. 
Because laboratory media are considered self-indicating with respect to sterility, the use of interna! biofogicał indicators during 
validation is not required. 


Biowaste Sterilization 

The sterilization of biowaste In sealed containers from laboratory or production use is simllar to parts sterilization, The proc¬ 
ess is defined to ensure a minimum ttme-temperature exposure or attainment of a specified F 0 va!ue throughout all items of 
the load. Depending on the potential contaminants present, the autoclave design may incorporate condensate collection/steri- 
Nzation or sterilizable exhaust filters to ensure that pathogens are adeguately contained. Because the objective of biowaste 
sterilization is to render the materials safe for contact and disposal, the overfc*ll method described in Steam Sterilization by Di- 
rect Contact (1229.1) is employed. 


1 Dogradation kinettts may differ from those of microbrat kill f and F$ yalues may not be suFficient to fuliy evaluate "worst case" effeets. 
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BIOBURDEN/BIOLOCICAL INDICATOR METHOD 

Application of the BB/BI method requrre$ a thorough understanding of the bioburden type, population, and resistance typi- 
cally present in the presterilized product-filfed Container, The method relies on substantial differences between rnoist heat re- 
sistance and the population of the bioburden present and the biological indicator used during validation (Figurę 1 ), 



Figurę 1. Relative resistance and population of typical bioburden and biological indicator microorganisms. 

BB/Sl ts a method in which the incomplete destruction (or destruction of a modest population) of a resistant biological indi¬ 
cator can be used to demonstrate the capability of the process to reliably destroy any bioburden, This is actomplished using 
detailed knowledge of the BB and BI populations and their reiative resistance, 

Typical BB microorganisms have only minimal resistance in comparison to Bis, and this can be confirmed by heat screening 
of BB isolates, The BB population is controlled by filtration steps for the fluid, process time limits, environmental Controls, 
gowntng systems, and other rneans. The conventional Bis for terminal sterilization using the BB/Bf method are Clostridium spor- 
ogenes ATCC 7955 and Sacillus subtilis ATCC 5230, although other strains can be used. The use of Geobadllus stearolhermophi - 
łu$ for terminal sterilization is uncommon with the BB/BI method because the organism's strong resistance to moist heat makes 
it poorly suited for this application. 

Confirmation of an acceptable probability of a nonsterile unit (PNSU) can be accomplished using physical measurements 
and BI response (which define the lethality of the process) in conjunction with processing limits for the BB population and 
resistance (which define the N 0 and CM/alue). D-value is the time (customarily in minutes) reguired to reduce the microbial 
population by 90% or 1 log t0 cyde (ie., to a surviving fraction of 1/10) and must be associated with the specific lethal condi- 
tions at which it was determined. For example, D T21 is the D-value at 121°. Articles intended to be sterite must attain a £10- 6 
PNSU, i.e., less than or equa! to 1 chance in t miliion that viable bioburden microorganisms are present, The PNSU can be 
determined from Equation 1. 

log N u = -F/D + log N 0 [1 ] 


N it = PNSU 

D - D-value of the natural bioburden 
F q = /^-value of the process (lethality) 

N 0 - bioburden population per Container 

The following example indicates the resulting PNSU under the defined condkions of validation and routine operation {Tobie 

0 - 


Table 1. Exaropte$ of PNSU Calculatlorc 


Validatlon 

Routine U sagę 

Fg = 8,0 min 

Fp = 8.0 min 

D 1?1 of Bt = 0.5 min 

□i ?1 of bioburden » 0.005 min 

N fi of BE = 10 6 

Nq of bioburden = 1 00 (or TO 2 ) 

PNSU for B! = 10* 10 

PNSU for BB = 1 0‘ IMS 


Determining the resistance of the bioburden is accomplished using a heat-screening process during which a pure culture (a 
laboratory culture containing a single species of organism spores with minimal vegetative celis) is boiled at 100° for various 
periods. If the bioburden microorganism is viable after exposure, its resistance at 121° can be estimated for use in the PNSU 
caiculation (Table 2), 
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Table 2. D 1?] Estimation from Boil Test Results 


Exposure Time 

Approxlmate D, ?r value 

1 min 

0.01 min 

1 0 min 

OJ min 

20 min 

0.2 min 

100 min 

1,0 min 


Bioburden Method 

In most respects the BB method is similar to the BB/BI irdicator method. The difference lies in the isolation and characteriza- 
tion of the most-resistant bioburden microorganism. The worst-case isolate is used as the biological indicator in the evaluation 
of the process. For use in this manner, tt must be cultured to produce a suitable challenge population, When this method is 
used, the bioburden of each process cyde must be closely controlled with respect to population and must be monitored for 
resistance. 


Sterilization Cycle Contro! 

Process equipment for terminal sterilization typically is controlled by cafibrated and pressure sensors in/on the chamber/ 
equlpmenŁ During the exposure portions of the cycle, atUinment of a minimum dweil time at a predefined temperaturę is 
used to support process lethality. Cycle lethality for terminal sterilization customarily is measured using F& which is defined as 
an actuai exposure time at a varrable process temperaturę that is equivalent to an exposure at 121° based on an ideał microor- 
ganism with a z-value of 10°. This can include lethality detvered during the heat-up and cooling phases of the sterilization 
process. A z-value is defined as the number of degrees of temperaturę change necessary to change the D-value by a factor of 
10. The F 0 approach is used to evaluate to a single standard sterilization processes that are operated at varying temperaturę 
conditions. The process lethality at tempera tu res other than 121° can be calculated to determine lethality equivalent to that 
provlded at 121°, Sterifizer control systems for terminal sterilization defiver conditions within a predefined time-temperature or 
F 0 rangę to avoid over-processing. 

Simple mathematics can be used to calcu la te the total lethality over the course of the process. For the specific reference 
temperaturę of 121° and a z-value of 10.0“, the F 0 caltulat'on can be determined by Eguation 2; 

121 


t = time 

T - temperaturę 

Summlng the instantaneous lethality contributions over the entire sterilization process allows the calculation of the overa!l 
process lethality or F 0 delrvered over the course of the entire process at varytng conditions. 

Validation of Liquid-Filłed Container Sterilization 

As previous!y noted, the preferred method for steam stedlization is the overkill method as defined in Sterilization of Compen- 
dial Artides {1229) and Steam Sterilization by Direct Contact {1229,1 ), However, when the processed materials are suscepttble to 
damage by moist heat at the overkill conditions, the BB/SI method is better suited because it results in reduced heat input 
while affording the same degree of process efficacy but with different Controls. As noted above, terminal sterilization processes 
require greater conslderation of the effects of the treatment on materiał properties. This has implications for many of the ele* 
ments of the gualification and validation exerdses as indicated below, The validation requirements for the BB/BI and BB meth- 
ods are morę rlgorous than those assodated with the overkilf method. Although the overkill method can be confidently used 
without detarled consideration of the presterilization bioburden, application of the BB/BI and BB methods require continued 
monitoring and control of the bioburden, specifically the population and resistance. This is accompltshed by testing of ftlled 
containers just before sterilization and measuring the number of colony-forming units per Container and confirming the ab- 
sence of resistant BB isolates. When resistant isoiates are found, Iheir thermal resistance in the fluid should be determined, 

EFFECT OF THE STERILIZATION PROCESS 

A preliminary determination of the liquid and the container-dosure system 1 ® ability to withstand the expected sterilizing 
conditions should be madę during product development. This can be aecompiished by sterilization at conditions slightiy in 
excess of the maximum expected and eva!uating the effect on the materiaL The eva)uation should encompass the essential 
guality attributes with attention focused on known and potential new impurities. Appearance and other physical properties 
also should be evaluated as a part of this effort. 
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£QUIPMENT QUAUF!CATION 

Eguipment qualłfication is a predefined program that confirms the eąuipment has been properly installed and that it oper- 
ates as intended. Qualifieation of the steriltzing eąuipment provides a baseline for preventive maintenance and change control 
for the steriiizer, The sterilization eąuipment may reąuire ąualifkation of air, water, utility, and other systems that impact the 
sterilization equipment’s performance. 


EMPTY CHAMBER TEMPERATURĘ DISTRIBUTION 

The dual considerations of sterility and stabilśty commonly associated with sterilization of liąuids reąuire that equal attention 
be paid to potential under- and over-processing of the load. For this reason the temperaturo gradient across the sterilizer may 
reąuire substantially tighter control than that expected in stenfization by direct contact, The objective is to minimize the time- 
temperature or F 0 differences across the load throughout the process. Biological indicators are not reguired in the evaluation of 
empty chamber temperaturę distribution. 

BIOLOGICAL INDICATORS 

The selection of a BI must be considered carefully because of the balance that must be maintained between attaining sterili¬ 
zation and marntaining the sterilized materia! 1 ; essential guality attributes, The biological challenge is either directly inoculated 
into a liguid-frlied Container or is introduced via self-contained units provided there is adequate correlation between their re¬ 
sistance and the resistance that would occur in the process fluid. The liquid can be either the product or a surrogate fluid, The 
resistance of the indicator in the product (and surrogate fluid, where used) must be known. The surrogate 1 ; physical properties 
should approximate those of the product, If there are surfaces within the Container that are not presterilized, biological chal¬ 
lenge of those surfaces may be required, 

LIQUID D-VALUE DETERMINATION 

Determination of the thermal resistance (D-value and z-value) for the biological indicator in the liquid is reąuired, This must 
be performed in a Biological Indicator Eva!uation Resistometer (BIER) in replicate. The thermal resistance of each BI lot in the 
liquid shouid be determlned. When a surrogate liąuid is used for convenience (e,g., a master solutlon approach) or because of 
microbial inhibition of the BI by the fiąuid, the thermal resistance in the surrogate must be determined. 

CONTAINER MAPPING 

Liquid-fill containers with voiumes greater than or equal to 100 mL should be mapped to determine internal cold spots. The 
mapping should be performed with product containers oriented as they would be within the load, The temperatur© probes 
should be introduced into the containers using methods that maintain Container integrity. Internal supports (of minimalJy 
heat-conductive materiais) may be reąuired to ensure proper positioning of the probe within the Container. After these loca¬ 
tions are determined, they are used as either monitoring locations or are correlated to external conditions on the Container 
during validation and routine processing, Smaller containers (less than 100 mL) have fewer discernable oold spots, the impor- 
tance of which is reduced as Container size decreases. Smal er containers (less than 100 ml) can be monitored with tempera¬ 
turę probes secured to their exterior, The "cold spot" should be considered a "region" and not a single point in the Container. 

LOAD POSITIONING AND MAPPING 

A fixed loading position within the sterilizer may be necessary for proper sterilization to ensure uniformity of heating and 
cooling in routine use. Once the load is positioned properly, its size can vary within a defined rangę, Load-mapping studies 
should be performed to determine the coldest and hottest locations within the load. These locations may not be specific indi- 
viduai containers but rather regions, This ensures that the containers are neither under- nor over-processed in routine opera- 
tion of the sterilizer. Validation of variable-size load pattems is accomplished using a bracketing approach for which success 
with maximum and minimum loads (avoiding both under- and over-processing) establishes the acceptabllity of intermediate- 
size loads. However, evaluation of intermediate load sizes may be benefidal. In product sterilization, only a single-slze Contain¬ 
er with a single product lot is processed concurrently. 

HEAT PENETRATION AND MICROBIOLOGICAL CHALLENGE 

The core of the validation activity is confrrmation of acceptable heat penetration using temperaturę measurements and mi¬ 
crobial challenge inactivation. Temperaturę probes and biological indicators are placed within the load at worst-case locations 
(e,g,, the coldest portions of the loaded chamber). Introduction of the thermocouples must not alter the integrity of the eon- 
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tainer. BiologicaJ challenges are placed in containers adjacent to those that contain heat penetration probes (or the same unit 
with extemal temperaturę measurement). 

Proof of tycie efficacy rs provided by replicate studies in which the Bis perform as expected and the physical measurements 
correspond to the expected values of tlme and temperaturę or F 0 . If the mitrcbtal and physical measurements do not correlate, 
an investigation is in order, and corrective action must be taken to rectify the discrepancy. Samples from the hottest regions of 
the load are used for evałuation of materiał stabiiity and qua!ity. 

PRODUCT QUALITY AND STABIL1TY EYALUATtON 

Manufacturers must conduct ongoing evaluatron of the producfs ability to withstand the routine sterifizing conditions. The 
evaluation shouid encompass the essential quality attributes with attention focused on known and potentrai new impurities 
and those materials that receive the most heat input. Manufacturers also shouid evaluate appearance, other physical proper- 
ties, and container-closure integrity as a part of ttiis effort For microbiological media, the ability of the media to meet growth 
promotion and other requirements is required as indicated in the appropriate test chapter(s) {e.g., Microbiological Examination 
of Nonsterile Products; Microbiai Enumeration Tests <61), Microbiological Examinatfon of Nonsterile Products: Tests for Specified Mi- 
croorganisms (62), and Sterility Tests <71». 


Routine Process Control 

Ali sterilization processes shouid be subject to fomnalized practices that maintain them in a controlled State. The practices 
outlined in Sterilization of Compendiai Artides (1229) include the generał requirements appropriate for all sterilization Systems. 
This is accomptished by a number of related practices that are essential for continued use of the process over an extended 
period of time. The practices include: calibrartion, physicai measurements, physicochemical Integra tors, indicators for steriliza¬ 
tion, monitoring of bioburden, ongoing process control, change control, preventive maintenance, periodic reassessment, and 
traimng, 

The use of parametric release is common in the terminal sterilization of finished product containers. This subject is addressed 
in Terminally SterWzed Pharmaceutical Products—Parametric Release (1222). 
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(1229.3) MONITORING OF BIOBURDEN 


INTRODUCTTON 

Monitoring of in-process bioburden of pharmaceutical components and products is an essential element of the overall con- 
tamination-control program for appropriate sterilization process control. Bioburden monitoring shouid be designed for the re- 
covery of a broad rangę of mieroorganisms that are likely to be present in the materiał being processed. Steriiization processes 
are tmplemented in order to eliminate bioburden in materials and the products, ensuring both adeguate process control and 
end-user safety, 

Bioburden is a patential risk to the patient not only because the sterilization process might not be completely effective, but 
also post-processing because of the possible presence of residual materials such as allergens, endotoxins, and exotoxins. It may 
also have adverse impact on product guality and stabiiity. Therefore, although bioburden may be confidently killed by destruc- 
tive sterilization processes or removed by retentive processes (filtration), as summarized in the ensuing sections, its profifera- 
tion before steriiization shouid be avorded. Process Controls and cleaning, sanitization, and disinfection programs provide ac- 
tive means for the control of bioburden popufation and support the sampfing, enumeration, and characterization of bioburden 
necessary to assure that sterilization processes are effective. 
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Destructive Processes 

Destructive sterilization processes, e.g*, moist and dry heat sterilization, are developed and validated to kill mrcroorganisms. 
It is critically important to the quality control aspects of the sterilization program to fulJy understand the bioburden. The mi¬ 
croorganisms that are most resistant to widely used destructive processes are spores of certa in Gram-positive bacteria (notę 
that mold spores are less resistant to these destructive processes than are bacterial spores)* As a result of the resistance proper- 
ties of these organisms, some species are commonly used as biolog ical indicators for the evaiuatron of sterilization process per¬ 
formance. In their vegetative State, microorganisms that form spores do not exhibit extraordinary resistance to sterilization 
processes* 

Processes that rely on ionizing radiation are an exception to typical resistance profiles because some non-spore-forrning mi- 
croorganisms exhibit higher resistance than do spore formers. Bioburden wtthin materials and products subjected to radiation 
processes is evaluated as part of dose setting activlties and is explained in the Radiation section that follows. 

The sterilization process, the deveiopment of a thorough understanding of the process, and its microbiologicai impact are 
major elements in confirming that an acceptable level of sterility assurance is established. Understanding the inactivation kinet- 
ics of the typical bioburden as well as other potential biobjrden microorganisms is critical to successful impfementation. The 
new process should have a documented risk assessment outlining its monitoring and control aspects. The establishment of a 
new sterilization process requires the evaluadon of the suggested biological indicator resistance (7,2). 

Retentive Processes 

The microorganisms least likefy to be retained by a sterifizing filtration process are those that are potentialfy smailer than the 
smal fest pores in the filter matrix. Although size exdusion is an important factor, filters do not retain microorganisms solely by 
sieve retention* Adsorption, wherein microorganisms are retained within the filter matrix by entrapment or etectrostatic forces, 
also is an important retention mechanism. The control of prefiltration bioburden is an important risk-mitigation factor in reten- 
tive processes, and this is partroularly true when adsorption may be a significant retention mechanism* Bioburden removal ca- 
pability the ref o re depends on the size and number of the bioburden microorganisms, the porę size distribution of the filter, 
the properties of the solution being filtered, and the filtration process parameters. 

MONITORING AND SAMPLING 

Statistical and analytical Jimitations complicate the evaluation of bioburden from both liquid and solid materials. Many prod¬ 
ucts are inherently anti microbiaf, and some formulations contain antimicrobial presen/alives, both of which can limit biobur- 
den recovery. Products that are outside of the pH rangę of approximately 4-9, are strongly hypertonic or strongly hypotonic, 
or have Iow water activtty, may reduee the level of recoverable microorganisms. 

The collection of multiple sam pies from the same bulk often gives varying resuits due to temporal and spatial differences in 
microbiaf distribution. Samples from varied components and different formulations will gtve different resuits because of differ- 
ent nutritiona! and cultural reąuirements, environmental stress to microorganisms, sampling methods, sample size, sampling 
pattern, species heterogeneity, and shifting mrcrobial popufations. Because of the technical challenges associated with biobur¬ 
den analysis, resuits will be dependent upon sample-specific and method-spedfic variables when attempting to recover, grow, 
or enumerate organisms, Sampling freguency and maximum time delay between sampling and testing should be estabiished 
based on previous data* 

Presterilization bioburden analysis should be conducted on samples that are representative of materiais produced during 
routine preparation and Processing* Sampling frequency should be estabiished based on previous data, known variability, 
batch size, materiał, process, and environmental influences. Bioburden should be recovered and enumerated from samples 
that are representative of the process materiał. When the materia! is stored in separate containers, analysts should eonsider 
testing multiple orcomposite samples* Bioburden evaluation should focus on microorganisms that represent a greater concem 
in the sterilization process, Total count methods should eonsider the properties of both the product under evaluation and the 
characteristics of the process that may affect recovery. Culth/ation methods, dlluents, and media selection must be based on 
past experience with the manufaefuring process and test materiał (5). The methods listed in Microbiologicai Examination of 
Nonsterile Products: Microhial Enumeration Tests (61) and Mycoplasmo Tests (63) may be appropriate for bioburden evaluation, 
although they may reguire modification to the methods and gualifications in order to meet the reguirements of specific test 
materials* 

Bioburden Screening 

Materials and products that are to be sterifized should be examined to determine the level of bioburden in the article* Deter- 
mining the microbiaf population level is an essential element in ensuring process efficacy. For iethal processes other than radia¬ 
tion, the presence of Gram-positive spore-formers represent the greatest potential for survival. The potential resistance of the 
bioburden to the specific sterilization process is an important consideration and can be evaluated by a screening process. Iso- 
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lates that are identified as Gram-negative rods have the potentiaf to cause high 3eve!s of endotoxm. Figurę 1 illustrates one 
possible bioburden screening program. 



sampled. 

Fig. 1. Typical bioburden screening program. 

Destructive Processes (except Radiation) 


Microorganisms can be recovered after exposure to heat screening or shock at 100°, which eiiminates vegetative cells and 
also triggers the germination process in spore-forming bacteria (4). Heat shock treatment is an effective means to reduce the 
amount of bioburden microorganisms to be evaluated because spore-formers are the most resistant to all lethal processes oth- 
er than radiation* Heat screening eiiminates vegetative cells that lack resistance to sterilization and encourages germination, 
thus making it easier to isolate spore formers. 

Published reports compare the resistance of recovered microorganisms to that of predefined bioindicators for many com- 
mon (4,5) sterilization processes* Analysts should evaluate the isolated spore-forming bacteria to determine their resistance D- 
value to specific lethal sterilization processes and thus to ensure the validfty of the sterilization method. The available data de- 
scribe the lack of resistance of medicaily and environmentally isolated bacteria, mold, and yeast species to the morę commonly 
used sterilization methods, so analysts may find only limited vafue in repeating these resistance studtes. 

Radiation 

Sterilization by radiation processes is based on the bioburden in the prestenlized materiał Analysts commonly use biobur- 
den-based sterilization processes as described in AAMl/ISO 11137 (5), To ensure consistent sterility assurante, lot-to-lot varia- 
bility of bioburden must be controlled* Data should be collected and anafyzed for raw materials, intermediates, and/or prod- 
ucts to ensure process contro!. AAMI/ISO 11137 provides detailed Information about radiation sterilization practices, including 
cycle development, validation approaches, and dose-auditing methodologies including expectations for ioitial and periodic bi¬ 
oburden assessment AAMI/ISO 11737 provides gutdance for establishmg methods to estimate bioburden leve!$ on medical 
devices prior to irradiation {/), 
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SterSIizing Filtration 

Bioburden screening for sterilizing filtration processes not yet subjected to formaI yalidation can be performed by passing 
the materiał through a 0,45-pm-rated f liter and examining the fil trale for vlabie microorganisms, Only those microorganisms 
that pass the 0.45-pm filter are of Interest because they present the greatest potentiaf challenge to the sterilizing filtration 
process. They should be evaluated against the upstream bioburden, Bioburden of greatest concern includes Pseudomonas, Bre- 
vundimonas t Ra Is tonią, and Mycoplasma. 

Identification 

Recovered microorganisms can be identiffed to an appropriate level using the methods deseribed in Microbial Identification , 
CfrcJracferizof/on, and Strain Typing (111 3). Only those microorganisms that present a potentlal risk to the product or the pa- 
tlent reguire Identification to the spedes level or beyond. For a detaifed discussion of the methods used to grow and Identify 
microorganisms, see (111 3). It is not necessary for the purposes of evaluatlng presterilization bioburden to identify all isolates 
to the spedes leyel, although this can be helpful in some invesligations. Analysts must conduct all evaluative work with pure 
cultures, and they must apply norma! microbiology laboratory procedures for the selection and maintenance of pure cultures. 

Bioburden Control 

A typical bioburden-control program inefudes review and analysis of potentia! sources of contamination as wefl as sound 
process design and preventive and monitoring measures. The mlcroblologlcal contamination-control program should be de- 
yeloped to identify and control bioburden and to assess product risk based on a formal assessment of risk modaiities. The bio¬ 
burden risk assessment should resuft in the establishment of critical control points and should include consideration of the fol- 
lowing elements: 

* Microbiologica! attributes of materia Is before sterilization and the manufacturing process used for the materials (If appliea- 
ble) 

* Inherent anttmicrobial properties of the materials 

® Time limifs for process execution 

* Water activlfy of the materiał 

* Environmental condlrions within the facility 

* Eguipment design and cleaning 

* Sanitizatlon, decontamination, and other active microbial contro! processes (such as prefiltration, temperaturę, pH, osmo- 
larity, etc.) 

Controlling the bioburden of materials and products to be sterilized will ensure conformance to the leveis required by the 
sterilization process yalidation. Additionally, controlling the bioburden levels of the items to be sterilized assures that residuals 
(e.g., allergens, endotoxins, and exotoxins) from that population will also be controlled, This is important because direct de- 
tection of these materials is challengrng, 
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(1229.4) STERILIZING FILTRATION OF LIQUID$ 


BNTR0DUCTION 

Sterilization processes are divided broadly into two categories: destruction of microorganisms and their physical removal 
from the materia! to be sterilized. Autoclaving is an exampie of the farmer, and sterilizing filtration is an example of the latter. 
The physical remova! of microorganisms depends on the bioburden of the solution to be filtered, the properties of the solu- 
tion, the filtration conditions, and the fil ter itself. 

Sterilizing filtration is a process that can be validated to eonsistently yiefd filtrates that are stenie, as defined in Steniization of 
C ompendial Artides (1229). This chapter provides an overview of (1) vanous factors that affect the filtration process, (2) the 
filier integrity test and when to perform Et, (3) prefiltration bioburden control, (4) responsibilities of the filter manufacturer and 
user, and (5) troubleshooting the filtration process* 

Multiple factors contribute to the effectiveness of any sterilizing filtration process. These Include the type and number of mi¬ 
croorganisms, the properties of the liquid, the filter design and membranę poły mer, and the filtration process parameters. 
Properties of the liguid that influence filtration effectiveness include Its chemistry, ylscosrty, surface tension, pH, osmolarity, 
ionic strength, and temperaturę, as well as the presence of insoluble materials, Aspects of the filter that affect the filtration 
include effective filter area, nominał porę size, pore-size distributlon, membranę thlckness, porosity, membranę poły mer, filter 
pleat density, nonwoven support layers, electrostatic charge, and the hydrophilic naturę of the filter membranę. The filtration 
process parameters that influence microbial retention include temperaturo, flow ratę, volume, filtration time, differentia! pres- 
surę, and pressure pulsations, 

Additionally, effectiye sterilizing filtration depends on (1) the production Controls and quaiity assurance systems used by the 
filter manufacturer to ensure the quality and uniformity of the filter membranes and fabricated filters, (2) the gualification and 
yalidation studies conducted by, orfor, the filter user to demonstrate that the chosen sterilizing filtration process achieves a 
sterile filtrate, (3) effectiye Controls to ensure that prefiltration bioburden and operating parameters remaln within the va1ida- 
ted ranges, and (4) filter Integrity* Filter users should ensure that the filtrate remains sterile by using yalidated steniization pro- 
cesses for the filtration assembly and all downstream manufacturing equipment and effectiye aseptic handfing of the sterilized 
materials. Filter users should carefully conslder placement of the filter (e.g,, proximity to the filling linę or hołd tank) to ml ni¬ 
mi ze the possibility of postfiltration contamination. 

Sterilizing-Grade Filters 

A sterilizing-grade filter is one that is capable of retaining a minimum 1 x 10 7 cfu of B. diminuta (ATCC 19146) per square 
centimeter of effectiye filter area when tested in accordance with ASTM FS38-05 (2013), Standard Test Method for Determining 
Bactenal Retention of Membranę Filters Utilized for Uquid Filtration (2). 

The designation "sterilizing grade" implies a sterilizing action only if other conditions are met, includrng the integrity test 
specification established by the filter manufacturer and yalidated by the user {see Validation t betów). 

Sterilizing-grade filters typically are microporous membranes that haye nominał pore-size ratings of about 0*2 pm. These 
membranes are fabricated witli yarious materials, have relatively narrow pore-size distributions, and can be integrity tested. 

The integrity test results can be correfated with microbial retention. Membranę filters that have a nominał porę size of 0.45 pm 
can be yalidated to produce sterile filtrates under some conditions; for exampfe, some liguids requlre high differentfaj pressures 
to achieye useful flow rates, and these pressures are not suitabie for use with 0.2-pm-rated filters. When manufacturers use 
0.45-pm filters, they should ensure particularly stringent control of presterilization bioburden. 

Retention Mechanisms 

Microporous membranes remove microorganisms from the iiquid by two primary mechanisms: sieve retention, which relies 
on physical blockage of particles that are farger than the pores they encounter, and adsorption, which is a charge-related phe- 
nomenon whereby partides are bound to the membranę surfaces. Both mechanisms should be considered during the devel- 
Gpment, gualification, and yalidation of sterilizing filtration orocesses. 

Sieve retention, for the most part, is independent of filtraiion conditions and the microbial challenge level, but the composi- 
tion of the liguid, temperaturę, and filtration conditions can affect sieve retention under certain conditions. 

Adsorption is a charge-related phenomenon that is influenced by the composltion of the membranę, the properties of the 
filtered liguid, the filtration conditions, and the number and type of microorganisms present in the liguid, 

The number and type of microorganisms and other partides present in the materiał to be filtered can affect retention. 5ieve 
retention implies that every mrcroorganism is farger than the largest porę in the fifter. Microorganisms and fiiter pores are not 
uniform in size, and some microorganisms may be smalter than the largest pores. Even if a microorganism is smafler than the 
porę Et encounters, it may be retained if a site is availabfe and the filtration conditions are conducive to adsorption. Retention 
probabillty is related to the number of microorganisms In the upstream bioburden (4,5). 
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FACTORS THAT AFFECT RETENTION 

Naturę of Pores 

Mlcroporous membranes consist of a polymer matrix that is penetrated by Interstices commonly referred to as pores. Com- 
pared with those in depth fifters, the pores in mitroporous membranes have a reiatively narrow size distribution. The size, 
number, and shape of the pores determine the fiiter's retention capabilitles. With the exceptton of the pores In track-etched 
fiJter membranes, pores are not cyltndrical; they are madę up of a series of pseudopoiyhedrat structures with varying internal 
diameters (6), 

The porę size, pore-size distribution, and membranę poroslty are a function of the manufacturing process, Careful design 
and control of that process are necessary to ensure that the resulting membranę has the des i red integrity test value, microbial 
retention capa bil ity, and uniform ity. 


Naturę of Microorganisms 

Microorganisms have a variety of shapes and sizes, Jf the microorganism encounters a membranę porę that is smaller than 
its smaflest diameter, the microorganism likely will be captured by sieve retention. If, however, the microorganism is smaller 
than the porę it encounters, it may be retained by adsorption if the residence time, eiectrostatic charge, pH, fluid chemistry, 
and membranę materiał are conducive to adsorption. 

Some genera of microorganisms are deformable, so that at high-pressure differentiais orflow rates a microorganism may be 
forced through a fllter porę that is only slightly smaller than the organism (7). Mollicute bacteria lack celi walis and thus are 
smali and pliable enough to pass through fllter membranes undercertain conditions. 

Grow-through (Le., passage of microorganisms through a fllter as a function of time) may result from one or morę scenarios. 
The microorganism may penetrate as it multiplies: a pa rent celt divides Info two smaller daughter cells that negottate porę 
passageways. Penetratlon can octur with time, because the increasing number of microorganisms overwhdms the few larger 
pores that are encountered. However, because of the limited time periods typically involved, the Controls on bioburden, and 
the often limited availability of nutrients, grow-through Is considered a rare phenomenon in pharmaceudcal processes (see 
Monitoring of Bioburden (1229.3)) (8). 

Composition and Structure of the Filter Matrix 

Several factors related to the fifter matrix can affect microbial retention. These indu de the materiał from which the filter is 
madę, the porę size and pore-size distribution, whether the membranę is Isotropic or anisotropic (i,e., whether membranę 
porę structure is uniform from face to face or "tapers" from one face to the other), membranę thiekness, and whether the filter 
consists of single or muftiple layers, 

The membranę materiał is especially important if adsorption is a significant mechanism in a particular filtration scheme. For 
example, poJyamide exhibits stronger microbial adsorption than does cellulose ester (3). 

Mlcroporous membranes that have a relatlvely wide pore-size distribution are less likely to retain microorganisms, particular- 
ly at high challenge levels, than membranes of comparable pore-size ratings with narrower pore-size distnbutions, This relates 
to the próba bil ity of a microorganism'* encountering a po^e larger than itself, 

Thicker membranes generally are morę retenfive than thinner membranes of the same type and pore-size rating, owlng to 
the higher probabifity of entrapment or adsorption within the porę structure because of the increased distance that bacteria 
must travel in thicker membranes. This distance favors entrapment, as does increased residence time within the porę, which 
favors adsorptive retention (3), 

Multi-layered membranę filters exhibit a higher probabilify of retention than do single-layered membranę fllters of the same 
thiekness because the smali number of largest pores is thefactor affecting retention and the probability of a large porę in one 
layer beEng congruent to a large porę in the adjoining layer of a double-layer filter is negligible ("3). 

Composition of the Filtered Solution 

The composition of the filtered solution can adverseiy affect the membranę materia! if an incompatibility exists, causing 
damage to the membranę and affecting both retention and physical integrity, unless detected before the filter Is selected for 
use. In addition, if adsorption is a significant retention mechanism, then solution properties such as pH and the presence of 
surfactants become important. 

Surface charge and ionic strength are important variables. Bacterial and membranę surfaces in agueous media are negatively 
charged, resulting in repulsion. The repufsive force Es balanced by attractive forces, which include hydrophobic surface energy 
minimizing forces, operative only over short distances, and hydrogen bonding. High ionic strength allows the surfaces to 
close—because of discharge through the electrolyte—to the point where hydrophobic adsorption can occur (3). Also, high 
ionic strength can draw water out of the celi, reducing its size, which may lower the probability of retention, depending upon 
the composition of the prefiltration bioburden. Surface tension and the presence of surfactants influence retention. Adsorption 
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of surfactant by the filter and the microorganism creates repulsion, leading to a decreased próba bil i ty of retention* Surfactants 
in coneentrations as Iow as 0.05% have been shown to inhibit adsorption and decrease the retention of latex spheres (9 ). 

Filtration Conditions 

Differential pressure, flow ratę, and temperaturę are among the factors that can affect microbial retention, Hydraulic shock 
should be avoided, not onły because it affects pressure differential and flow ratę but also because it can damage the filter. Flow 
ratę is proportional to differential pressure, and higher flow rates reduce adsorption because the contacf time is reduced (JO). 

Microbial retention may be reduced at higher temperatures when these result In higher flow rates due to decreased solution 
viscosity, Temperaturę effects are not significant in filters where sieve retention is the primary removal mechanism. 

Filter Efficacy: Log Reduction Value 

Filtration efficacy can be defined in terms of a log reduction value, which is the loganthm of the guotient produced by divid- 
ing the upstream challenge popufation by the recovered downstream population. 

The log reduction value is influenced by the number and size of the challenge mtcroorganisms, the filter design and mem¬ 
branę poły mer, the filtration process parameters, and the propertles of the solution* 

To determlne the spedfic log reduction value of a filter, the challenge test shoufd permit some passage of the test microor¬ 
ganism through the filter in order to produce a denominator, Stenlizing-grade membranę filters should not permit passage of 
the specified challenge microorganisms for that filter ratrnę* For this reason the log reduction value of stenlizing-grade filters is 
described as equal to or greater than the log of the challenge population* 

Validation 

As noted, microbial retention in sterilizing filtration relies on a comblnation of sieve retention and adsorption, Validation of 
sterilizing filtration therefore reguires determination of the effect of the liguid on the filter, deterrnination of the effect of the 
filter on the liquid, and demonstration that the filter can consistently yield stenie Solutions under the intended conditions of 
use* The liquid to be filtered can affect the porę structure of the membranę, can have electrostatic propertles different from the 
standard challenge suspension used to establish integrity test specifications, and can change the size and shape of the chal¬ 
lenge microorganisms. Factors that should be considered when deve)oping a sterilizing-fiJtration validation protocol indude 
the surface tension, pH, temperaturę, and osmolarity of the liguid to be filtered; the compatibility of the materiał or solution 
components with the filter itself; the pressures, flow rates, and hydraulic shock likely to be encountered; and the maximum 
filtration time and volume to be filtered. The effect of sterilization {steam, radlatlon, or gas) on the frlteris retention capabllity 
also should be considered* 

B. diminuta (ATCC 19146) is used as the challenge organism unless it is not viable in the liguid to be filtered. Viability studies 
should be used to confirm that the liguid has no adverse effects on the challenge organism, If the challenge organism is viable 
in the liguid to be filtered, the liguid should be inoculated to achieve a challenge levei of 1 x 1Q 7 cfu/cm 7 , and the filtra te 
should be evaluated for the presence of the challenge organism,. If B. diminuta is not viab!e In the liguid, several options are 
available, and anaiysts can (1) modify the lsquid to ensure the viabillty of the challenge organism (e.g f , adjust pH or remove 
the bacteriddal component), (2) reduce the exposure time to ensure that the challenge organism remains viabfe, or (3) 
change the challenge organism from B. diminuta to one that has been isolated from the liguid to be filtered. These studies 
should empłoy producdon process pressure dlfferentlals or process flux values as appropriate. 

if possible, the liquid to be filtered should be used because in some instances the challenge organism has penetrated a filter 
in contact with the liquid but has been retained by the same filter when inoculated into a surrogate fluid (11), 

Three different lots of filter membranes should be used for the microbial retention studies, The membranes should have pre- 
use integrity test values that are near the filter manufactureris spedfication in order to minlmize the posslbillty that production 
filters will fail to meet the integrity test value established during the validatlon exerclse. Successful microbial challenge studies 
result in no microorganisms detectable In the filtra te. The sterilization process for the filter, rts housing, and associated egulp- 
ment should be validated. The filter should be sterllized wlthin Its housing ratherthan relying on aseptlc assembly following 
sterilization of the filtration system components. The assembled filtration apparatus can be steam sterllized in an autoclave, 
uslng a vacuum cycle, with partlcular attention to the orientation and wrapping of the housing and any associated tubing to 
ailow condensate drainage and steam penetration. Yalldated steam sterilization-m-place cycles also can be used. 

Sterilization methods and cycles should be carefully chosen and designed to preclude damage to the filter. Pre- and post- 
sterilization Integrity testing can be used to confirm that the sterilization procedurę does not change the integrity test value 
and to demonstrate that the sterilization process does not damage the filter. 

Finalfy, the scalę of the validation approach should be considered* Two approaches are common. One uses a smali section of 
membranę materiał, typically a 47-mm disk, to represent the filter. This approach validates the microbial retention capability of 
the membranę* A second approach uses the intended filter configuration, typically a 10-inch cartridge in its housing, This ap¬ 
proach validates the filter system performance in addition to the retention capability of the membranę materiał. Anaiysts 
should consider the volume of the test liguid and operational considerations when they choose which approach to use* 
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Integrity Testing Principles and Methods 

Integrity testing can be used to show that a filter has the correct pore-size rating, is installed properly in its housing, and has 
not been damaged by the process used to sterilize it These integrity test methods generalły rely on detecting gas fiow caused 
by pressure differenbaf across a wetted membranę. Figurę J shows the relattonship between gas flow and pressure differential 
for high-surface-area and low-surface-area membranes (a 47-mm membranę disk can be considered Iow surface area, and a 
muitieartndge array of 10-inch cartridge filters can be considered high surface area). 


f 

/ 



------- 

Differential Pressure 

Figurę 1. Relationship between gas flow and pressure differential for high-surface-area and low-surface-area membranes (see 

the section Integrity Testing Principles and Methods for definitions). 

A filter that successfufly passes an integrity test based on spedfications developed during an effective sterilizing filtration valb 
dation study is capable of producing a stenie fil tratę, 

Integrity test methods for microporous membranę filters Include bubbie point, diffusive flow, and pressure hołd. Membranę 
type and size and the particular filtration process influence the choice of an appropriate integrity test method. The sens»tivity 
of the bubbie point test decreases with mcreasing filter area because of increasing diffusive flow. Bubbie point, diffusive flow, 
and pressure-hold integrity tests are used for hydrophilic microporous membranę filters* As shown in Figurę 7, diffusive flow 
oceurs at pressures below the bubbie point, and bulk flow takes place above the bubbie point. The bubbie point marks the 
transition between drffusive flow and bulk flow. The exact bubbie point is difficuft to detect tn high-surface-area filters, because 
the high membranę surface area generates significant diffusion. Integrity testing may be performed manuałly or by automated 
eguipment desrgned specifically for that purpose. 


8UBBLE POINT 

The bubbie point occurs when a gas displaces a wetting liquid from the largest membranę pores, resulting in bulk gas flow 
through those pores. The flow is evidenced by a steady stream of bubbles through a column of water on the downstream side 
of the membranę* 

The bubbie point refates to the porę size of the membranę and the contact angle that the wetting liquid makes with the 
porę walt. Bubbie point is indirectly proportional to membranę porę size and is dlrectly proportionaf to the surface tension of 
the wetting liquid; that is, filters with smaller pores have higher bubbie points than those with larger pores, and liguids that 
easily wet the membranę exhibit higher bubbie points than those that do not. Bubbie point is defined as: 

P- Ą x COS0/D 
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P = pressure to evacuate the porę 
7 = surfaee tension 
© - angle of wetting 
D - porę diameter 

Microbial retention and bubble point correlate: nu mero js studies have demonstrated that when the microbial reduction ra- 
tio ts plotted against the bubble point, a linę of constant siope results (12). 

The actual bubble point is independent of the membranę surfaee area, but diffusive flow through high-surface-area fifters 
can mask the true bubble point. The bubble point test is easy to perform on smali- to medium-scale filters, the test time is 
short, and temperaturę effects are minor Manuał bubble point testing requires manipulation of the downstream side of the 
filter and is subjective. 


DIFFU5IVE FLOW 

In diffusive flow testing a wetted fiiter provides a liquid layer across which gas can flow by means of diffusion. Diffusive flow 
is measured directly at constant pressure. 

DIffusive flow is proportionai to the differentia! pressure of the test gas, the diffusivity of the test gas in the wetting łiquid, 
the thickness (depth) of the wetting liqurd, the porosi ty (Le., void volume) of the membranę, and the effective filtration a rea. 
Diffusive flow is defined by Fick's Law of Diffusion, shown as: 

N=[0xHx(p I -p 1 )]/(Lxp) 

N *= permeation ratę (moles of gas per unit time) 

D =* diffusivity of the gas in the liąuid 

H = solubility coefficlent of the gas 

p, - p 2 = transmembrane pressure (differential pressure) 

L - thickness of !iquid in the membranę 
p- void volume (porosiły) of the membrano 

Unlike the bubble point test, diffush/e flow testing measures gas ffow through all the wetted pores, and thus diffusive flow 
does not correlate directly with microbial retention. However l bacterial challenge tests with a senes of filters that have decreas- 
ing diffusion rates show that a gas diffusion ratę exists below which stenie filtrates are obtained, 

Diffusive flow testing is highly sensitive, especially for higher-surface-area membranes. Larger pores or flaws can be detected 
by a thinning of the liguid layer and correspondingly higher diffusive flow rates. Diffusive flow testing is useful for membranes 
with smali porę sizes (e.g., 0,1 pm and smaller) because of the high pressures required for bubble point testing. Diffusive flow 
testing measures flow across the total porę volume, which may mask a flaw, especially in high-surface-area multiple-cartridge 
arrays (13). TMs test also is highfy sensitive to temperaturę. 

PRESSURE HOŁD 

The pressure hołd inlegnty test is a variation of the diffusive flow test. The wetted membranę provldes a liguid layer across 
which gas can flow by means of diffusion, The gas flow is proportionai to differential pressure and is measured by pressure 
decay on the upstream side of the membranę. 

The ratę of pressure decay is influenced by upstream volume of the particular holder-filter combinatlon, valve pJacement, 
and tubing volume, Temperaturę should remain constant because of the relattonship between temperaturę and pressure de¬ 
fined by the ideał gas law. 

Conversion of pressure decay test results to diffusive flow values alfows correlation with microbial retention. Analysts estab- 
lish the relationship between pressure decay and diffusive flow by calculating diffusive flow on the basis of pressure drop per 
unit time, with a known upstream volume and reference pressure. Diffusive flow as it relates to pressure decay is shown as 

D=[(p,x V,)f(p e x 0] x !n[p,/(p, - Ap)] 

D - diffusion 

pj = starting test pressure 
V, - upstream vo!ume of filter system 
Pa = atmospheric pressure 
t = test ttme 

= ending test pressure 
Ap = p, - p 2 

The advantages and disadvantages of the pressure-hold test are slmllar to those of the diffustve flow test. The pressure-hold 
test has the additional abilities of revealing imperfections in the assembly and seaiing of the housing and filter seating and 
avoiding downstream manipulation, Its di$advantages are that it is strongly influenced by temperaturę and that aceurate 
measurement of the upstream volume is required ( 14),. 
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When to Test Integrity 

The decision not to perform preuse, presterilization integrity testing should be based on a formal risk assessment 

Preuse, poststerilization integrity testing may create an unnecessary risk for microbial contaminatron of the filter and associ- 
ated downstream tubing and equipment Preuse, poststerilization integrity testing is unnecessary if effective validation studies 
have demonstrated that the process for sterilizing the filter does not affect the integrity test value of the filter 

Postfiltration integrity testing should be conducted to ensure that the filter was not damaged during the filtration process. 

PREFILTRATION BIORURDEN CONTROL 

The bioburden removal capabifity depends on the available filter re ten tron capacity, which is a function of the inherent bio- 
burden load present in the entire volume of the liquid to be filtered and the effective filter surface area. Studies have demon¬ 
strated that microbial retention in sterilizing filtration is a function of the upstream bioburden (3 I, 15,16). Also, nonviable partic- 
ulate matter that may be present in the solution can influence the retentive capacity of the filter (17). Therefore, the prefiltra- 
tion bioburden and particulate levels of the solution should be minimized and controlfed before the finał sterilizing filtration 
step. 

Various filter configurations and processes can be used to contro! the bioburden and normable particulate leve!s presented 
to the finał, sterilizing-grade filter. One configuration is a multifilter arrangement that consists of two sterilizing-grade fifters (or 
a bioburden reduction filter followed by a sterilizing-grade filter) connected in series (Figurę 2). 



Figurę 2. Multifilter configuration ta control bioburden and nonviable particulates. 

Another configuration appropriate for prefi Itration bioburden control uses two filtration steps separated in time: the liquid is 
sterile-filtered into a sterilized tank, where it is then held before a finał, sterilizing filtration (Figurę 3). 


Non-sterile 
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reduction 
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Figurę 3. Bioburden control using two filtration steps. 

In each of these scenarios, the bioburden and particulate levels presented to the finał, sterilizing-grade filter are Iow and are 
controlled by prefi Itration. 

When the process results in a consistently Iow and controlled prefi!tration bioburden, use of a single sterilizing-grade filter is 
appropriate. 

Irrespective of the strategy employed, va!idation studies should demonstrate the capability to consistently achieve the requi- 
site levels of prefiltration bioburden and particulate level reduction and control. 
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RESPONSIB1LITIE5 

Filter Manufacturer 

The fifter manufacturer is responsible for ensuring that the filter production process has been validated and is well controlled 
and that the sterilizing-grade fiiters meet the requirements of ASTM F838-G5 (2013). The filter manufacturer determines the 
integrity test specif kation for the fiiters, usuaJly adding a safety factor to ensure that each filter will meet that speeifkation* The 
filter manufacturer conducts extractable and leachable studies to ensure that the filter does not release objectionable levels of 
these materia Is into the solvent systems typically employec in pharmaceutical manufacturing* The filter manufacturer conducts 
deanlrness tests to assure that the filter does not adversely affect the USP partkulate requirements of the product The filter 
manufacturer provides techmca! support and troubleshooting advice if the filter user encounters a problem* 

Filter User 

The filter user is responsible for estabiishing microbial retention at the vafidated integrity test value, estabiishfng microbial 
retention in the !iquid to be filtered, and validating the use and sterilization of the filter and housing. The fifter user is responsi¬ 
ble for determining that the filter is not additive or extractive to the extent that the filtered liquid is adversely affected. 

TROUBLESHOOTING 

Failure of a filter to pass an integrity test may mean that the filter is damaged, is improperiy sealed in the housing, is incom- 
pleteiy wetted, or is nonintegrai* It aiso could mean that the filter is incorrectly labefed (e.g*, has the wrong porę size) or that 
the integrity test apparatus has been improperiy set up or calibrated* 

The cause of an integrity test failure can be determined by evaluating the test setup, test parameters, wetting fluid, and wet- 
ting procedurę; ensuring that the system is Jeak-free and the temperaturę es constant; and ensuring that the fest eguipment 
has been properly calibrated, 

If the cause of the failure can not be determined, analysts can rewet the filter and repeat the integrity test, increasing flush 
time, flush volume, and pressure differentiaL It may be beneficial to use a lowersurface tension reference fluid (e.g*, 70% iso- 
propyl alcohof). If the filter fails the integrity test using the reference fiu id, it should be considered nonintegrai In addition, the 
filter can be returned to the manufacturer for a fuli analysis to further elucidate the cause of the integrity test failure, 
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(1229.5) BIOLOGICAL INDICATORS FOR STERILIZATION 


SMTRODUCTiON 

A biological Indicator (BI) is a welhcharacterized prepa radon of a specific microorganism that has known resistance to a spe- 
cific sterilization process. 1 Bis are used to demonstrate the effectiyeness of processes that render a product stenie jn its finał 
package or Container, as weli as the effectiveness of the sterilization of equipment, product contact materials, and packaging 
components as required. Bis may also be used to monitor estabfished sterilization cydes and are used for periodic reassessment 
of sterilization process effectiyeness, Bis are process aids and can support the correlation of physical parameters to mrcrobio- 
logica! destruction. Mrcroorganisms recognized as suitable for Bis are spore-forming bacteria, because the spores of these mt- 
croorganisms are significantly morę resistant than the vegetative celEs that comprise the major; ty of bioburden in or on materi- 
ais, 

PROPER USE OF BIOLOGICAL INDICATORS 

Bis provide microbio log ical evidence of process effectiveness that should be correlated to physical measurements (see Sterili- 
zation of Compendial Artides (1229))> Microbiological resistanceto sterilization yaries with the physical conditions; however, 
there are no esfablished means for accurately predicting microbiai destruction based soldy on physical measurements, with 
the exception of radiation sterilization. BI piacement locations within or on materials to be steriiized are chosen to confirm that 
the desired sterilizing conditions have been attained. 

Bis are typically spore-forming bacteria of the genera GeobaciHus, Badlfu^ and Clostridium. Preference in BI selection should 
be given to weli-characterized strains. 

RESPONSIBILITIES 

BI Manufacturer^ Responsibility 

The responsibility for determining the performance characteristics of each BI lot resides with the BI manufacturer. The manu* 
facturer should provide, with each fot of Bis, a certificate of analysis that attests to the yalidtty of BI performance claims. The 
manufacturer should provide Information concerning the microbiai population and resistance (D and z values, respective!y, 
where appropriate) as well as storage and expiry Information. The BI manufacturer may choose to include survival or kill times 
for the BI in their documentation. The resistance of the BI should be determined by the manufacturer under defined condi- 
tions. The manufacturer should provide directions for use, including the medium and conditions used for the recovery of mi- 
croorganisms after exposure to the sterilization process. Disposal instructions also should be provided by the manufacturer of 
the BL 

BI User s Responsibility 

When Bis are purchased, their suitability for use in a specific sterilization process must be established. The BI user should 
obtain a certificate of analysis for each lot of Bis and verify the manufacturer^ label claims for spore population (see Biological 
Indicators^Resistance Performance Tests (55)), When a BI is used in accordance with the BI manufacturehs directions, the resist¬ 
ance of the BI need not be reconfirmed. 

User*Prepared Biological Indicators 

A user of Bis may elect to propagate spore crops of a single species for use as a suspension. Alternatively, these spore suspen- 
sions may be purchased from a BI manufacturer. When liquid suspensions are applied to a substrate, it is the user's responsibili¬ 
ty to determine the population and resistance of the microorganism used, The resistance determined for Jiąuid suspensions 
relates only to other fots of the same suspension and is not representative of how that microorganism wilf perform on a sub- 


1 MicrobiaJ retentfon challenge* a* destribed in Steałiimg Filtration of Ugwds (122 9A) are not Bis. 
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stratę or in a different suspending medium. In these circumstances, the Bi resistance and population should be re-established 
(see <5 5)). 


CHARACTER1ZATION OF BIOLOGICAL INDICATORS 

The use of Bis should include procedures for therr acceptance and control. The folJowing elements outline the major consid- 
erations. Resistance performance is addressed separately in (55), which provides methods for evaluating BI resistance, 

Packaging and Storage 

Storę under the conditions recommended on the label or under valldated conditions, and protect from light, toxic substan- 
ces, excessive heat, and moisture. 


Expiration Datę 

Use within the BPs labeled or determined expiration datę. 

Identification 

Where Identification of the BI species is deemed necessary, as in the course of an investigation into unusual results, use ei- 
ther a phenotypic or genotypie identifreation method (see Microbiaf Characterization , Identification, and Strain Typing <111 3) for 
additional information). 

Purity 

By examination of the colonies derived from the spores on a suitable piąte eufture medium, determine that there is no evi- 
dence of contaminatron with other microorganisms. 

Disposal 

Prior to discarding used spores, sterilize using a method recommended by the BI manufacturer or other equivalent means. 

TYPES OF BIOLOGICAL INDICATORS 

A BI is a well-characlerized preparation of a spedfic bactenal spore of known resistance to a specific sterilization process. 
Some Bis may contain two different species and concentrations of bacterial spores for use in the evaluation of two different 
sterilization processes. 

One form of BI preparation includes spores that are pJaced on a carrier (e.g., a disk or strip of paper, glass, plastic, metal, or 
other materia!) and may be paekaged to maintain the integrity and viability of the spores inoculated onto the carrier. The carri¬ 
er and primary packaging should not be damaged or degraded by the spedfic sterilization process. Another preparation of Bis 
is a spore suspension that is inoculated on or into represen:ative units of the article to be sterilized. A surrogate article may be 
used if it is not practical to inoculate the actual article. A surrogate article is a preparation that differs in one or morę ways from 
the actual article but performs as the actual article d u ring cyde development, validation, and routine use. The physical design 
of actual or surrogate articles can affect the resistance of spore suspensions that are inoculated on or into an article (see (55)). 

In the case of liquid inoculated products, it is essential to determine the population, D value (and, in terminal sterilization ap- 
plications, z value) of the refevant BI spore in the liquśd product, and any stmulated product substrate (if utilized). 

A third form of BI is a sealed system that includes the grewth medium (either in direct contact with the BI during the stedlh 
zation or placed in contact with the BI after sterilization) for recovery of proeess-exposed BI microorganisms. Some BI Systems 
may contain a growth indicator or sensor in addition to growth media. 

SELECTION FOR SPECIFIC STERILIZATION PROCESSES 

The selection of a BI requires knowledge of the resistance of the BI system to the specific sterilization process. It must be 
established that the BI system provides a challenge to the sterilization process greater than the resistance of the native biobur- 
den. The recommendations for BI with each sterilization process are not exclu$ive; they represent only the morę common 
choices. 
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Steam Sterilization by Direct Contact 

For steam sterilization by direct contact, the commonly used BI contains spores of C. stearothermophilus (ATCC 12980 or 
ATCC 7953), a thermophilic mierno rganrsm willi a moist heat resistance substantially greater than that of most vegetative mi- 
croorganisms (see Steam SteniUation by Direct Contacf (1229.1)), 

Moist Heat Sterilization of Aqueous Liquids 

Heat-reslstant spore-forming microorganisms such as C sporogenes (ATCC 7955), B. subtilis (ATCC 35021), or B. atrophaeus 
(ATCC 9372) are used, B , subtilis, B, atrophaeus , and C sporogenes are preferred for use in sterilization of agueous Solutions or 
where their lower thermal resistance Es morę appropriate. 

Dry Heat Sterilization 

For dry heat sterilization, spores of B. atrophaeus (ATCC 9372) are ty pica! fy used (see Dry Heat Sterilization (1229,8)). Where 
dry heat depyrogenation has been demonstrated ( Dty Heat Depyrogenation { 1228.1)), sterilization by dry heat need not be 
confirmed, and a BI is not reguired. The elevated Lemperatures reguired to depyrogenate materials are morę than suffident to 
sterilize the materials at the same time. 

lonizing Radiation 

The use of a resfstant BI Is unnecessary for the evalualion of radiation sterilization processes. Dose setting involves the evalua- 
tion of prefrradfation bioburden as wefl as dosimetric evaluation and aflied tests as defined in ISO 11137-1, -2, and -3, as well 
as in Radiation Steriiization (1229.TO). 

Gas Sterilization 

For ethylene oxide sterilization, spores of B. atrophaeus are commonly used. For other gaseous agents, spores of G. steam- 
thermophilus or B. atrophaeus are commonly used (see Gaseous Sterilization (1229.7)). 

Chemical Sterilization 

The sterilization of items using a liquid sterilant is accompfished using spores of an appropriate strain such as B, atrophaeus, 

B, subtilis, or other appropriate spore-formfng specles, as determined by the user. Whichever strain Es chosen for this purpose 
should have greater resistance than does the bioburden. 

Vapor Phase Sterilization 

The biphasic naturę of these materials precludes the accurate determlnation of spedfic lethal conditions (for establishment 
of D values, see Vopor Phase Sterilization (1229.11)). Bis using either G. stearothermophilus or B. atrophaeus have been utilized 
in the evaluation of fhese processes. 
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(1229.6) LIQUID-PHASE STERILIZATION 


INTRODUCTION 

Mrcroorganisms are subject to destruction in a variety of ways, Aside from the dassical methods of steam, dry heat, and 
radiation, destructive sterilization may aiso occur by immersion in a Chemical solution. This is termed liquid-phase sterilization 
(1). A number of Chemical agents, such as afdehydes, acids, bases, and strong oxidants in solution, under the appropriate con- 
ditions, are capabie of destroying bacteria and fungi, including both vegetatlve cells and spores in a quantitative fashion (2,3). 
Objects to be steriUzed are immersed in the solutlon of the Chemical agent, after which the agent must be removed in a man- 
ner that preserves the sterilized object from recontamlnation* Removal of the Chemical steriiant from the exposed surfaces that 
have been sterilized must be accomplished in a manner that maintains the sterility of the item postprocessing. Recontamina- 
tion falis outside the scope of usuai consideration for sterilization processes, However, in liquid Chemical sterilization it is cus- 
tomary to indude the agent's removal (whether Lhis is accomplished by physical or Chemical means) in the overalJ process, 
together with any needed additional steps to avoid recontamination. 

A substantial number of liquids in aqueous sofution are capabie of sterilizing articles during immersion. Examples indude the 
following: 

• Aidehydes—giutaraJdehyde, formaldehyde 

• Acids—peracetic add, nitric add, sulfuric add 

• Bases—sodium hydroxide, potassium hydroxide 

• Oxygenating compounds—hydrogen peroxide, ozone, chlorine dioxide 

• Halides—sodium hypochlorite, chlorine 

As is the case for gas sterifization, the effectiveness of Chemical sterilants varies with concentratlon and temperaturę. Other 
factors that affect. antimicrobial activity indude pH, extent of mixing (Ef present), and presence of ceJluiar or other debris. Be- 
cause of the limited number of variables, process control for sterilization by liquids is relativefy simple* 

Because there are no widefy accepted bioiogical indicators for sterilization by liguids, the use of a common mesophilic spore^ 
form er such as Badllus alrophaeus or B. subtilis is common place because these are the likeiy worst-case btoburden isolates, 

The agents used for sterilization by liguids vary with respect to steriiant stability, effective pH rangę, concentration, tempera¬ 
turę, contact time required, and potendal interaction with the materials, When selecting the most appropriate steriiant, manu- 
facturers must consider its effect on the materials, package components, and eguipment, as Es the case with all other sterilizing 
processes, The variety of agents, process diversity, and potential applications preclude a material-by-material review of these 
agents in thls chapter, Manufacturers shouid notę that these agents are highly toxic, and appropriate safety measures should 
be practiced at ali times during cyde deveiopment, validation, and routine operation. 

¥AL(DATSON OF STERILIZATION BY LIQUID$ 

Experimental evidence has shown that first-order kinetics is appropriate for microbial destruction, which makes validation a 
simple exercise. The validation of sterilization by Jiquids can be accomplished using either the half-cyde approach or the brack- 
eting method. 


Half-Cyde Approach 

The half-cycle approach described beiow Es a modification of the method described in Gaseous Sterilization (1229.7) (see 
Figurę /). it is a method that regulres the destruction of a resistant microorganism at defined lethal conditions, In routine oper¬ 
ation, the process dweil period is arbitrariiy doubied and supports a theoretieal reduction of the bioiogical indicaior (and thus 
the bioburden) to a probability of a nonsterile unit of at least KH for a fult cyde. 
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Figurę 1. Half-cycle sterilization validation. 

The half-cycle method originally was used for ethylene oxide sterilization when the relationship between the microorganisms 
and the delivered process parameters was less certain. 

Bracketing Approach 


In this method (see Figurę 2), analysts evaluate conditions of concentration and temperaturę that bradcet the defined proc¬ 
ess condition to support both over- and under-treatment of the materials and bioburden, respectively. Users can establish the 
death ratę for the microbial population for each of the conditions that bracket the routine process. 



Figurę 2. Bracketing method. 
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Regardless of the approach used, in order to complete the cyde development and valjdation manufacturers must identify a 
rapid neutralrzation method that inactivates the Chemical agent to allow microbial quantification after fractional kill exposure. 
The exposure perlods may need to be brief because many of these agents have rapid kil! rates. 

Equipment Qualification 

Eguipment guallfication is a predefined program that examines the equipment to confirm that it has been properiy installed 
and operates as intended before the sterilization process, Thrs activity for sterilization by liquid Chemicals is simple, because the 
eguipment used is rarely complex. Temperaturę control and agitation/recirculation rates are the essential considerations. 

Component and Load Definition 

Sterilization by liquids is a surface phenomenon, and all surfaces of the materials must be immersed in the sterilant. Treat- 
ment uniformity can be ensured by redrculation or mixing of the sterilant during the process. Penetration into needle iumens, 
dosely fitted parts, and porous materials should be confirmed* The use of a maximum load per defined vessel or Container 
represents the worst case because Et provides the maximum surface area to be sterilized. 

Biofogical Indicators 

The common indicator organisms for Chemical sterilization are B. atrophaeus ATCC 9372 or B. subtiiis ATCC 6633. The spore 
challenge is inoculated directly onto the items. End users should determine the populations of Inoculated items. Manufacturers 
should place indicators within loads at locations believed to be hardest for the agent to reach, on the bas is of visual examina- 
tiom 

Process Confirmation/Microbiological Challenge 

The core of the validation activity is confirmation of acceptable process parameters and inaotlvation of the mfcrobial chal¬ 
lenge. The end user should expect a linear death curveforthe spore challenge and reguire total cieath of the challenge, The 
end user can consider adjustment in Chemical sterilant concentration, process time, agitation, and other factors. Proof of cyde 
efficacy is provlded in replicate studies in which the biofogical indicators are killed, and physical measurements are taken as 
documentatfon. 

Agent NeutraIization/Removal 

After ex po surę, the sterilizing agent must be adeąuately removed from the items or neutralized before further processlng. 
This segment of the process uses Chemical neutralization or physical removal and must be executed in a manner that preserves 
the sterility of the items. Aseptic processing with appropriate ca pa bil Sty demonstratlon should be provided. Process simulatlon 
beginning with the completion of sterilization through placement into a sealed sterile Container is expected. See Sterilization 
and Sterility Assurance of Compendial Art/des (1211) for additlonal information. 

Routine Process Contro! 

Liquid-phase sterilization must be subject to Controls that maintain the validated state. The practices outlined in Sterilization 
of Compendial Artides {1229) address the generał requirements for all sterilization systems. Sterilization is accompiished by 
means of a nurnber of related practices that are essential for continued use of the process over an extended period of time, 
including calibration, Chemical and physical measurements, ongoing process contro], change control, preventive maintenance, 
periodic reassessment, and training. 
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(1229.7) GASEOUS STERILIZATION 


INTRODUCTION 

The use of steriiizing gases for the preparation of materials and equipment is commonJy used for Etems that are susceptibfe 
to damage by heat or radiation processes. Many polymeric materials, especially medical devices, are surface sterilized in this 
manner, as is nonpressure-rated process equipmenL The sterilization of dry powders using gases is inappropriate due to the 
inabilfty of gases to penetrate solid materials, The majority of gas sterilization processes empioy ethylene oxlde (EO), and pro- 
cedures for use with other gases generally are patterned after EO practices. Ozone, mixed oxides of nitrogen, and chlorine 
dioxide are some of the other gaseous sterifants used. [Systems that can exist in liquid and gas phase af the operating temper- 
atures (e.g., hydrogen peroxide, peracetlc add, and paraformaldehyde) are excluded from consideratlon in this chapten] EO s s 
ability to penetrate through polymers, celfulosics, and other materials allows it to be used for the terminal sterilization of medi- 
cal devices in their finał packaging. The other steriiizing gases may be suitable for simllar appNcations. 

Process contro! for gas sterilization eguipment is accomplished by control of sterilant gas concentration, relative humidity, 
temperaturę, and system pressure, Mixlng of the gas in the sterilization cham ber may be beneficial. EO sterilization may be 
used for parametric release as described in Terminafly Sterilized Pharmaceuticai Products—Parametric Release 0222). 

Gas sterilization dlffers markedly from processes during whlch the agent used can condense during the operation. Vapor 
sterilization processes will be addressed separateiy in Vapor-Phase Sterilization (1229.11). 

As outlined in Sterilization of Compendial Articles (1229), analysts must Lakę care in ensuring sterilily and demonstratlng that 
the essential guality attributes of the materials are not adversety affected by the process. With respect to gas processes, key 
considerations include the immediate effects of steriiizing gas on the materials or eguipment belng sterilized, residual sterilant, 
sterilant byproducts, and potential Chemical reactions. The common gas processes differ slightly with respect to process execu- 
Lion and materiał concerns and thus are described individually, 

ETHYLENE OX0DE 

EO is a powerful alkylating agent that destroys microorganisms by Chemical reaction, primarily with celi DNA. The destruc^ 
tive mechanism Jargely follows first-order kinetics and depends on concentration, humidity, and temperaturę. The use of EO 
for medical devices in their finał packaging has, to a large extent, shaped EO sterilization processes (and, to a lesser extent, all 
gas sterilization) for other applrcations (2,3). The usual EO process follows a seguence of prehumidificatfon, air removal, rehu- 
midification in the chamber, gas exposure, gas removai from the chamber, and postexposure aeration, The preexposure steps 
ensure that adeguate moisture is present on and withm the items being sterilized The postexposure steps provide time for the 
diffusion of EO and its byproducts out of the materials and packaging. When EO is used for nonporous eguipment the process 
can be streamlined, whlch eliminates many of the pre- and postexposure steps because of the need only for surface steriliza¬ 
tion, During EO sterilization the gas is inlroduced at the beginning, and only min imał additions are necessary later to maintain 
pressure as the gas is absorbed into the material/sterlization load within the vessel, Humidity adjustment during the process 
also may be required. In some i n stan ces, EO reacfs with materials in the load to form ethylene chlorohydrin and ethylene gly- 
col. These compounds, including EO, must be reduced to safe levels before the items can be used by patients (4,5). EO Pro¬ 
cessing reąuires strict worker safety and environmental Controls because it is assodated with carcinogenicity, mutagenicrty, 
and neurotoxidty, In addition, EO is explosive in concentrations of greater than 2.6% by volume in air, therefore, inert gases 
are often used to minimize flammability. The commoniy accepted biological indicator (BI) strain is Badiius atrophaeus (formerly 
B. subiilis var, niger). 


OZONE 

Ozone is a potent oxidizlng agent produced by passing a stream of oxygen or air through a high-voltage electrical field. 
Ozone is an effect3ve biocidal agent for treatment of water supplies and has demonstrated lethality at concentrations from 
2%-10% in air, Optimal microbial destruction is accomplished when the relative humidity is above 80% at room temperaturę. 
Ozone degrades to oxygen in the presence of moisture anc metals and therefore usualfy is generated in situ, Ozone does not 
penetrate porous materials to the same extent as EO does. Process systems that use ozone for gas sterilization have the advant- 
age of simplidty. Its generation and destruction (using a catalytic converter) are accomplished without moving parts or con- 
sumables other than the supplied oxygen. The sterilization process uses a sequence of humidification, injection, exposure, and 
ventifation to remove the ozone from the chamber at the eid of the cyde. The common Bis identlfied for ozone are Geobacii- 
lus stearothermophilus and Bacillus atrophaeus. 
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CHLORINE DIOXIDE 

Chłonne dioxide is an effective sterilizing gas. Pure chlorine dioxide is metastable and therefore is generated as needed. 
Chłonne dioxide Ss noncarcinogenic, nonfJammable, and effective at ambient temperatures. Its abifity to penetrate materials 
may be less than that of EO. 

A typical chlorine dioxide sterilization process uses a sequence of preconditioning, conditioning dwell period, charge, and 
exposure, foliowed by aeration. 

The Bt most commonly used ts Ba ci Hus atrophaeus. 

NITROGEN DIOXIDE 

Nitrogen dioxide es a sterilizing gas effective at ambient temperaturę. Liąuid nitrogen dioxide is converted to a gas on Intro- 
duction to the target chamber. Nitrogen dioxide is nonexpfosive and its residues are noncarcinogenic, noncytotoxic, and non- 
teratogenic. It has a limited abiiity to penetrate polymeric materials in companson to EO, which makes postcycle aeration 
morę rapid. It is incompatible with cellulosic materials such as paper and cardboard. The suggested Bis for nitrogen droxrde 
are C, stearothermophilus and B. atrophaeus. 

VALIDATION OF GAS STERILIZATION 

The validatlon of gaseous sterilization generally begins with the establishing of a "minimum lethal process dwell Limę"' 
through the use of fractional exposure studies, These fractional studies establish that exposure time, under standard process 
conditions, where the bioiogical indicator is futly inactivated, This minimum exposure time then becomes the basis for the ap- 
plication of the half-cycle approach for valldat3ng the sterilization cycle. The absence of information relatlng the effect of vary- 
ing gas concentratron, humidity, and temperaturę on microorganisms resulted In a conservative assumption that the biobur- 
den is equal in antrmicrobial resistance and populadon to that of the bioiogical indicator. The half-cycle method can be de- 
fined as follows. 

The half-cycle validation method reguires the destruction of a high concentratlon (NLT 10 6 spores) of a resistant microor- 
ganism under deftned, minimum conditions for complete kill. This establishes the minimum lethal process dweil time. In rou- 
tine operation, the process dwell period is arbitranly doubled and supports a theoretical reduction of the bioiogical indicator 
(and thus the bioburden) to a probabiMty of a nonsteriie unit (PNSU) of KH (for definitions of terms in this chapter, see Sten i i- 
zation of C ompendial Articles (1229)). 

The half-cycle method used for gas sterilization is shown in Figurę 1. 



Time jniMmes} 

Figurę 1. Half-cycle sterilization vaIidatiom 

Aiternative approaches to tycie validation are available. Ciflrs and Mosley developed a means for parametric evaluation of EO 
steriiizing conditions that may result in greater use of other va!3dation methods (6). A bracketmg approach (see Figurę 2) that 
better supports the process operating ranges for the critical parameters relative to the half-cycle method has also been used. in 
the bracketing method, one evaluates conditions that bracket the defined process condition In order to establish parameters 
for the minimum and maxamum effects on the materials and bioburden. The minimum lethal process dwell time (see half- 
cycle description above) establishes the worst case for microbial kill. Incremental increases in process dwell time beyond the 
minimum lethal process dwell time are used to establish the routine and maximum exposure periods, the latter of which im- 
parts the greatest effect on materials. In additśon, adjustments to agent concentration and relative humidity are utilized to fur- 
ther enhance the bracketing approach. By this method; the routine process conditions may be established between the mini¬ 
mum and maximum process conditions to assure complete microbial kill whfle maintaimng the integrity of the materials. 


















USP 40 


General Information / {1229 J) Caseous Sterilization 1839 



Figurę 2 Bracketing method. 

Equipment QuaIification 

The eguipment gualif kation for gas sterilization shotild rnclude both pre- and postcyde systems to confirm that the equip- 
ment has been properly installed and operates as intended, 

Empty Chamber Parameter Distribution 

Despite the use of tme gases, evaluation of parameter uniformity across the chamber is a common activity. Thts ensures that 
the gas and humidity introduction methods provide consistency throughout the chamber and can be correlated to the routine 
monitoring location(s), when present Biological indicators are not required in the evaluation of the empty chamber uniformt- 
ty. 


Componentand Load Mapping 

Component and load mapping using invasive sampling are not a part of gas sterilization because sampling systems placed 
within the load items would alter gas and humidity penetration* Evaluation of lethal conditions with rndividual items and 
across loading patterns is best provided by biological indicators or process challenge devite$ placed within the load items and 
distributed within the load. Indicators or process control deviees are placed within the items and load at locations betieved to 
be hardest for the gas and humidity to penetrate. 


Biological Indicators 

The biological indicator of choice for gas sterilization varies, as noted above* R atrophaeus (ATCC 9372) is used with EO and 
chłonne dioxide, and ozone sterilization is monitored with C. stearothermophilus (ATCC 12980 or 7953)* D-values for the bio- 
logical indicator can be used to establish exposure periods for the sterilization process to ensure adequate process efflcacy. 
When positioning biological indicators within Items it is important to ensure that the placement of the BI does not occłude gas 
passage or otherwise interfere with the distribution/penetration of the sterilant within the item, 

Process Confirmation and Microbiological Challenge 

The core of the validation activity is the confirmation of acceptable process parameters with simultaneous physical and 
Chemical measurement and microbial challenge* Sensors are placed tn the chamber, or biological Indicators are postdoned 
within the load Items* Proof of cycle efficacy is provided in replicate studies in which the biological Indicators are kilied and the 
physical measurements correspond to the expected values. 

ROUTINE PROCESS CONTROL 

Gas sterilization is subject to formal Controls that maintain a yalidated stale over time* The practices outlined in (1229) rn- 
clude the generał reguirements appropriate for aII sterilization systems. Sterilization is accomplished by a number of related 
practices that are essential for continued use of the process over an extended period of time* The essential practices to main- 
tafn yalidated status include callbration, physical measurements, ongoing process control, change control, preventive mainte- 
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nance, periodic reassessment, and training. When parametric release has not been established, bioiogtcai indicators positioned 
within the load are used for routine release of each sterilization load, along with a review of documentation from tbe sterilizer 
control system. 
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(1229.8) DRY HEAT STERILIZATION 


Dry heat sterilization is a process utilized for heat-stable items (glass, stainless Steel, nonaqueous liquids, powders, etc.) that 
are unsuited for steam sterilization because of either an absence of water (nonaqueous liquids and powders) or repuirements 
for absoiute dryness following processing (pmduct contact parts for nonaqueous products), Because dry heat relies on air for 
the transfer of heat to and from the load items, the process takes longer than a steam process for a comparable size item or 
load. Lengthy heattng and cooling periods requrre that the load items be unaffected by heat over a long period of time and 
also require the use of the overkill rnethod for cyde deveiopment and validation. 

Dry heat sterilization is typically perfomned in the rangę of 1 60M90 0 where the objective is sterilization ratherthan depyro- 
genation. (Depyrogenation wili be covered separately in Dry Heat Depyrogenation (1228.1)). In dry heat sterilization, hot atr is 
in direct contact with the load items (whether wrapped or unwrapped) and transfers some of its thermal energy. Unlike steam 
sterilization, in dry heat sterilization there is no phase change of the heattng medium, and thus heat transfer is less efftcient 
The items can be stainless Steel, glass, ceramic, or other heat-stable materials and may be wrapped or covered with aluminum 
foil to protect them during pre- and postprocess handling, Dry heat sterilization is commonly used for heat-stable materials 
(e,g., petrolatum or powders). 

The limited heat transfer capacity of air reguires that items in the oven be placed in locations that were confirmed to be 
acceptable during the va!idation efforL Manufacturers should exercise caution with varying load sizes because in some instan- 
ces (resulting from system design and control probe positioning) minimum load stzes may present a worst case, 

STERILIZATION CYCLE CONTROL 

Process equipment for dry heat sterilization is controlled by calibrated temperaturę sensors. During the exposure portions of 
the cycle, attainment of a minimum dwell time at a predefined temperaturę is used to document process lethality. Cycle effica- 
cy for dry heat sterilization customarily is measured ustng r H , which typically is defined as the amount of time the load receives 
the equ:valent of exposure at 170°. The F H approach is used to tom parę sterilization processes that opera te at varymg temper¬ 
aturę conditions to a single standard. The process lethality at temperatures other than 170° can be calcu lated to determine 
lethality equivalent to that provided at 170°. Sterilizer control syslems must deliver conditions within a predefined lime-tem- 
perature or F H rangę. Simple mathematics can be used to calcufate the total lethality over the course of the process. For the 
specific reference temperaturo of 1 70 c and a z-value (for definitions see Steam Sterilization by Direct Contact (1229.1)) of 20°, 
the F h calculation can be delermmed by the following equation: 

fld££1 t r i 7o i 

F„ = j' 1 10 1 30 dt = Y; 10- 30 ‘At 


F h - accumufated lethality 
t 2 - end time 
t ? - start time 
T- temperaturę 
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Accumufation of the Eethality (F H ) for the sterilization process across the entire cycte (heat-up and cool-down segments indu- 
ded) includes the contribution of those segments and allows the cycle to be defined by a targeted lethality rather than by a 
time at a defined minimum temperaturę* 

VALlDATION OF DRY HEAT STERILIZATION 

Because dry air has limited heat capa ci ty and dry heat conditions are morę variable than those encountered with other ther- 
mal sterilization methods, anaiysts routinely va lida te their dry heat sterilization procedures using the overki!l method as defined 
in Sterilization of Compendiai Artides <1229). 

Gverkśll sterilization can be defined as a method in which the destruction of a high coneentration of a resistant microorgan- 
ism supports the destruction of reasonably anticipated bioburden that could be present during routine processing* That objec- 
tive can be demonstrated by attaimng any of the following: a defined minimum lethality; a defined set of method conditions; 
or confirmation of minimum log reduction of a resistant biological indicator* 

The valtdation reguirements for the overkill method are less onerous than those of the other sterilization approaches. Be- 
cause the load items can withstand substantial amounts of heat without adverse consequence, the greater lethality provided 
by the overkill method cleariy is justifiable* 


Equipment Qualification 

Equipment qualtfkation is a predefined program that focuses on the sterilizing eguipment to confirm that it has been prop- 
erly installed and operates as intended before evaluation of the sterilization process* fn some companies, equipment qualifica- 
tlon rs separated into installation qualification and operational quaiification or is lumped together under a joint terminology of 
instaflation/operational gualification. The major use of gualification of the sterilizing equrpment Is to provide a baseline for pre- 
ventive maintenance and change control, ensuring reproducibility of operation over time and assurance that the sterilization 
process is constantly and accurately performed* 

Empty Chamber Temperaturę Distribution 

The equipment should be eva!uated for empty chamber temperaturę distribution. The oven or tunnel should be evaluated 
to determine the rangę of temperatures within the system, and the cycle parameters should be determined to ensure ade- 
quate lethality across the expected load. The acceptance crlteria for empty chambers can vary witli the eguipment capabilities 
and customary use, but it Is typically less uniform than observed In steam sterilizers. Biological Indicators are not regurred dur¬ 
ing the evaluation of empty chamber temperaturę distribution* 

Component Mapping 

Load items that are compiex and feature enclosed volumes and product contact surfaces should be subjected to component 
mapping to determine interna! cold spots, Th Es is particulariy im porta nt in powder sterilization. For each load item, manufac- 
turers should establish the ability of heat to penetrate the items or containers and to bring them to the required temperaturę. 
These studies can be performed m a laboratory setting and need not be repeated when the same item is sterilized in other 
equipment* Thermocouples should be placed into direct contact with the item(s) being evaluated* During component map* 
ping load items should be prepared and oriented in a manner that is consistent with how they will be processed. 

Load Mapping 

Fixed ioading patterns for dry heat sterilization in batch cvens are preferable because the limited heat capacity of the air 
allows substantial temperaturę differences across the load* It may be possrble to validate maximum and minimum loads as de¬ 
termined by either the number of items or their mass within the oven* Loading in a continuous tunnel process is typically wel! 
defined by the limitations of the conveymg system. Load and component mapping ensures that all load items attarn the re- 
quired temperaturę* Information from the load mapping is jsed to adjust cycle timing to ensure approprrate lethality. System 
control must consider the relationship between load position and size relative to temperaturę contro! locations* 

Biological Indicators 

The biological indicator (BI) for dry heat sterilization is Bacillus atrophoeus {ATCC 9372), a thermophilic spore-former with 
high resistance to dry heat. The spore challenge is placed on a substrate positioned within the load or on a load item. If spores 
are used as intended by the BI manufacturer, the population and resistance Information provided by the vendor can be used. 
End users should determine the population and resistance of their biological indicator used when inoculating their own items. 
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Heat Penetration and Microbiological Challenge 

The core of the validation activity rs the confirmation of acceptable heat penetration using temperaturę measurements and 
microbial challenges. Thermoeouples and Bis are placed within the load items at the locations determined during the compo- 
nent and Eoad mapptng to present the worst case. Thermoeouples should be placed into direct contact with the item(s) being 
monitored. Proof of cycle efficacy is provided by replicate studies in which the Bis are ktlled and the physical measurements 
correspond to the expected values of time-temperature or F h . If the microbial and physical measurements do not correlate, 
manufacturers should conduct an investigation and should take corrective action to rectify the discrepancy. This study custom- 
arily is performed slightfy subminimal to the lower specification limitsfor time, temperaturę, and/or cumulative lethality. 

ROUTINE PROCESS CONTROL 

As with all sterilization processes, after the dry heat sterilization process has been validated, it must be subject to formalized 
Controls that keep it in a validated State over time. General chapter Sterilization of Compendiai Articles (1229) details the generał 
practices that are appropriate for all sterilization systems. This is accomplished by a number of related practices that are essen- 
tial for the continued use of the process over an extended period of time. The essential practices to maintain validated status 
include calibration, physical measurements, physical integrators and indicators, ongoing process control, change contro!, pre- 
ventive maintenance, and periodic reassessment and trainmg. 

REFERENCES 

T. USP General Chapters—-Microbioiogy Expert Committee. An outline of planned changes to U5P(1211) Sterilization and 
SterHity Assuronce of Compendiai Artides. Pharm Forum . 2012; 38(2). 


(1229.9) PHYSICOCHEMICAL INTEGRATORS AND INDICATORS FOR 

STERILIZATION 


INTRODUCTION 

Physicochemical integrators provide some assessment of sterilization process efficacy and may be used in cases where vallda- 
tion of a sterilization process is not reguired—an exception is the validation and monitoring of radiation sterilization with dos- 
imetry. The physicochemical indicator provides an immediate visual confirmation that an item has been exposed to a steriliza- 
tton process. Performance standards both within and between lots of physicochemical integrators or indicators from a given 
manufacturer shoufd be consistent Integrators or indicators should not interact physically or Chemically with any Container or 
product when placed in the sterilizer load, and should not alter the strength, guality, or purity of the sterilized arttcle. The 
integrator or indicator should be positioned such that it does not alter the effectiveness of the sterilization process. The Princi¬ 
pal usage of physicochemical integrators and indicators is to provtde a rapid means of confirmation of sterilization cycle com- 
pletion. This is especially important with single door sterilization chambers where a potential mix-up of nonsterilized and steri- 
Nzed items is morę lifcely, Aside from radiation sterilization where dosimetric data is accepted as definitive they should not be 
used as the sole proof or cycle efficacy (see Radiation Sterilization <1 229A 0))* 

PHYSICOCHEMICAL INTEGRATORS 

A physicochemical integrator is defined as a device that responds to one or morę sterilization process critical parameters, 
which resufts in a measurable value that can be correlated to microbial lethality. The manufacturers of physicochemical inte¬ 
grators should provide data to demonstrate that the labeled performance characteristics tests of the integrators are met. 

Physicochemical integrators reguire precautions for use and the appropriate mterpretive criteria to define their performance 
characteristics. Performance of the sterilization apparatus must be ascertained from records generated by calibrated Instru¬ 
ments (temperaturę, pressure, exposure time, gas concentration, and others, as appJicable). The integrator can demonstrate 
onfy inadeguate or adeguate exposure to a combination of sterilization parameters. 

Physicochemical integrators for radiation sterilization are designed to react predictably to the delivered radiation dose and 
can provide primary evidence of sterilization process effectiveness. The use of dosimeters in radiation sterilization cycle devel- 
opmenl and routine process control is addressed in ANSI/AAMI/ISO 11137-3, Sterilization of health care products—Radia- 
tlon—Part 3: Guidance on dosimetric aspects (7). 



USP40 


General Information / {1229.10) Radiation Sterilization 1843 


PHYSICOCHEMICAL INDICATORS 

A physicochemical indicator is defined as a device that provides visual evidence of exposure to one or morę critical steriliza¬ 
tion parameters. Physicochemical indicators cannot provice primary evidence of sterilization efficacy. 

REFERENCE 

1. ANSI/AAMI/ISO 1 1 1 37-3:200ć/(R)20t0, Sterilization of health care products—Radiation—Part 3: guidance on dosimetric 
aspects. New York: American National Standards Institute; 2010. 


(1229.10) RADIATION STERILIZATION 


INTRODUCTION 

Radiation sterilization utilizes the lethal effect of various forms of radiation as a means of microbial destruction* lonizing radi¬ 
ation (gamma, x-ray, or beam) sterilization is used extensively for the sterilization of medical devices and for a variety of other 
materials and products. Nonionizing sterilization melhods such as mitrowave, Infrared, x-ray, and ultraviolet fight may be use- 
ful but have morę restricted applicatron, and are outside the scope of this chapter. This chapter provides an overview of sterili- 
zation using ionizing radiation and its vaiidation, including dose setting, materiał compatibilky, and dose verification, 

The effects of radiation on materials can be substantial and are a major consideration when manufacturers seleet radiation as 
a processing method* The advantages of sterilization by irradiation inefude simplidty, absence of mechanical complexity, re- 
produdbility, and overali effidency* In fact, radiation sterilization is unique because the basis of control essentially is the absor- 
bed radiation dose, which can be precisely measured. Methods used to estabfish appropriate radiation doses to achieve the 
desired steriJity assurance level are defined in ISO 11137-1 Sterilization of Health Care Products; ISO 11137-2 Sterilization of 
Health Care Products—Radiation—Part 2: Establishtng the Sterilization Dose; and ISO TS 1 3004: 201 3 Sterilization of Health 
Care Products—Radiation—Su bstantiation of Selected Sterilization Dose: Method VDmaxSD. These methods indude Method 
I, Method 2A f Method 2B, and Method VD maK/ which differ In the specific testtng scheme and the number of artides that are 
needed for testing and are based on certain assumptions about bioburden* The use of a biological indicator is inappropriate 
during radiation sterilization validation because (a) there are accurate correlations between dose measurement and microbial 
destruction for a wide rangę of microorganisms and (b) the established dose setting methods are based on the materiał bio- 
burden in its natural State. These correlations have been de^eloped by the medical device industry and provide a direct meth- 
odology for process control. Dosi metry plays a central role n radiation sterilization and serves as a direct means for affirming 
process lethality. The radiation dose measured in kCy (formerly MRads) is directly related to the lethal effects of the radiation 
on microorganisms. The measured dose has the same utility as F 0 in steam sterilization. Routlne process control for radiation 
sterilization is provided by one or morę reference dosimeters on the exterior of the packages (after dosimeters have been cor- 
related during validation wlth dose measurement inside the package). The robustness and reliability of the absorbed dose of 
the article to be sterilized can support parametric reiease, as described in Terminolly Steriłized Pharmaceutkoi Products — Poro - 
metric Reiease (1222), for many items. 


GAMMA STERILIZATION 

Gamma sterilization entails the use of a spedfkally designed facility where items to be steriłized are exposed to a Co ć0 radia¬ 
tion source in a manner that ensures uniform dosing. Highly penetrating photons (gamma rays) are emitted from Co 60 as it 
decays to Ni* 0 , The half-life for this isotope is 5*27 years, which means that over the course of each year the source ioses about 
12% of its radioactivity* This steady reduction in radioactmty reguires that radiation process operators adjust their process Con¬ 
trols (typically exposure time) to maintain the established dose reguired. Periodically, additional Co 60 is required to marntain 
practical throughput. 


X RAY STERILIZATION 

X-ray sterilizers generate highly penetrative photons similar to the gamma photons from Co 60 irradiators* X-ray photons are 
generated when accelerated electrons impact a target such as tantalum. These Systems rely on scanning of materials with x-ray 
photons in order to sterilize them. Properly maintained, these Systems are able to deliver a constant dose over time. No local 
radioactive source is reguired for x-ray sterilization Systems. 
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E-BEAM STERILIZATION 

Electron beam systems rely on scanning of objects with focused electrons to sterilize the items within a defined radiation 
field. Pro perły maintained and controlled, these systems deliver a constant dose, so there is no change in dose with respect to 
time. The principal advantages of electron beam sterilization are a much bigher dose ratę and the absence of a localized radio- 
active source. These Systems can be installed and operated by the end user Electron beam penetration is substantially less 
than that obtained with photons, and therefore dose mapping is critical to ensure that items of varying density and complexity 
are properfy sterilized. Because of the high dose rates used with electron beam sterilization, same materials can experience 
significantly higher temperaturę* than the same materials would experience in Co 60 irradiation. 

VALIDATION OF RADIATION STERILIZATION 

Cycle devefopment for radiation reguires the identification of an appropriate radiation dose for the objects and confirmation 
that the dose does not adversely affect the materiaPs essential quality attributes, In other words, analysts should identify the 
minimum sterilization dose as well as the maxinuim dose the materiał can wrthstand wlthout negative effects. With this infor- 
mation analysts can set the dose for a specific radiation sterilization appfication. 

Dose setting or dose establishment typically is achieved by following one of the ISO melhods. These are Method 1, Method 
2 A, Method 2B, and Method VD rw The choice of the most appropriate method depends chiefly on production batch size, 
knowledge of the normal bioburden, and the materiats sensitivity to radiation. Dose mapping plays an important role through 
the cycle development and dose-setting exercise. 

Dose Setting 

Method 1 is based upon the assignment and verification of a sterilization dose based on a microbial population. The resist- 
ance of the microbial population is not determined, and dose setting is based on a standard radiation resistance assigned to 
the microbial population, denved from data obtained from medical device manufacturers and from the literaturę. This analysis 
assumes that the distribution of standard resistance represents a morę severe challenge than the natural microbial population 
on the materiał to be sterillzed. A verification dose study should confirm the relative resistance assumption. The VD mirt method 
is similar to Method 1 (it requires both bioburden and dose venfication testing) but relies on bioburden ranges (e.g., <1000 
CFUs per item for a 25-kGy sterilization dose and, for example, 0.1-1,5 CFUs peritem for a 15-kGy sterilization dose). 

The morę comp(ex Method 2 does not require the enumeration of the microbial population for the purpose of setting the 
sterilization dose (although it is required for routine monitoring and controi) but uses a senes of incremental dose exposures to 
establish a dose at which approxfmately 1 out of 100 sampfes irradiated at that dose wifl be nonsterile. This is not the steriliza¬ 
tion dose, but it provides the basis to determine the sterilization dose by extrapolation from this Information. 

Materiał Compatibility 

Once the regulred dose level has been established, the maximum dose should be established. Analysts typically establish the 
maximum dose by evaluating the highest likely dose that might be seen during the sterilization process, adding a safety factor, 
and evaluattng the item for immediate and long-term effects of the radiation exposure, Some materials may appear un- 
changed initially, and the effects may become evident only over time. The evaiuation should consider all of the materials ex- 
posed to the radiation processing, especially Ehe drug product and its primary Container, Product stability, safety, and func- 
tionality should be confirmed over the product 1 * intended use period. 

Dose Verification 

The method* for cyde development and dose setting refy on the bioburden approach, Analysts use defined presterilization 
bioburden Controls and periodic evaluation of the process effects on the bioburden to maintain cycle efficacy. Establishing the 
reguired dose for microbial destruction during cyde development uses the bioburden 1 * natural resistance; analysts then extrap- 
olate the dose-setting algorlthms to establish a dose that is capable of delivering a probabilky of a nonsterile unit (PNSU, a 
standard measurement) of 1 x ICH. The results of the dose-setting approaches for rnitial bioburden with different population* 
and resistance to radiation sterilization are depicted in Figurę L 
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Radialion Dose 


Figurę 1. Resuits of radiation dose setting using VD IT1Mł (top) Higher bioburden population, higher resistance to radiation 
sterilization, (bottom) Lower bioburden population, lower resistance to radiation sterilization. 

Validation Actiyities 


Confirmatlon of appropriate dose deJivery when using the sterilization dose reguires a number of supportive activities. 


EQUIPMENT QUALIFICAHON 

The use of gamma sterilization reguires inltial and periodic assessment of egufpment Controls and parameters necessary to 
establish the systenTs capability. Sterilization systems that deliver direeted beams or rays have Controls for scan speed, source 
intensity, and system timers. The other elements of radiation sterilization egufpment largely are related to materiał transport 
and are easily gualified. tjualiffcatron of safety Controls, devices, and software is regurred. 
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EMPTY CHAM8BR DOSE MAPPfNG 

This optfonal exerd$e entails mapping the target area for radiation dose in Ehe absence of a load and is a possible means to 
evaluate a focused beam or ray system. It provides a baseline of performance that may be useful over time. 

LOAD DOSE MAPPING 

The arrangement of items in irradiation containers, carriers, or pallets is an essential part of the initial validation exercise. The 
goal of the mapping is to define the distribution of a dose throughout the load items and estabfish a configuration that mini- 
mizes dose variatron across the materials. The items are mapped using multiple dosimeters positioned rnternally and extemafly. 
Identification of maximum dose location is important in evaluating the effects of the radiation on the load items. The location 
of minimum and maximum dose can be identified from the dose mapping data for monitoring in routine sterilization of mate¬ 
rials. 


BIOLOGICAL INDICATORS 

The use of biological indicators for radiation sterilization is not indicated because the physical and dosimetric measurements 
employed are morę reliable, reprodutibfe, and robust than biological systems. 

DOSIMETRY 

Process control for radiation sterilization relies heavily on dosimetry for both initial development and ongotng verification. 
For guidance on the sefection and use of a dosimetry system for use in radiation sterilization refer to ASTM E2628 Practice for 
Dosimetry in Radiation Processing. The dosimeters and the Instruments used with them should be calibrated according to ISO/ 
ASTM 51261 Practice for Calibration of Routine Dosimetry Systems for Radiation Processing. 

PROCESS CONFIRMATION 

The core of the validation activity is the confirmation of acceptable lethality using dosimeters that are positioned across the 
materiał as it is processed through the radiarion-sterilizing equipment. Proof of sterilization cycle efficacy is provided in repIT 
cate studies In which the dosimetry resuits correspond to the required minimum value for sterility assurance and demonstrate 
that the maximum vaJue has not been exeeeded. 

Routine Process Control 

Radiation sterilization should be subject to forma! Controls that maintain the validated status. The practices outlined in Gen¬ 
em/ Principles of Sterilization ofCompendial Articles (1229) provide the generał requirements appropriate for all sterilization Sys¬ 
tems. This is accomplished by a number of related practices that are essentiaf for the continued use of the process over an 
extended period of time. The practices that are essential to maintain validated status for radiation include training, calibration, 
physicat measurements, bioburden monitoring, change control, preventive maintenance, and periodic dose audits. 

REFERENCE5 
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<1229.11 > VAPOR PHASE STERILIZATION 


INTRODUCTION 

Sterilization can be accompltshed using sporicidal agents suspended in air {Le., vapor). Sterilizing agents that operate in this 
fashton indude hydrogen peroxide (H 2 0 2 ), peracetic acid (CH 3 C0 5 CH), formaldehyde (CH 2 0), and glutarajdehyde 
[CH ? (CHXHO) j in agueous solution. At room temperaturę these are liguids or solids that can be vaporized for introduction 
into a vessel or chamber. They differ from sterilizing gases and liqurds in that there are multipfe phases within the vesse! during 
sterilization. Vapor sterilization systems are well suited for neat-sensitwe materials and surface sterilization. Items exposed to 
the process should have their surfaces exposed to the greatest extent possible, Vapor sterilization processes require appropriate 
sterilant concentration, temperaturę, and relative humidity, all of which may be variable during the exposure period. Because 
the agent is ordinarily supplied as an aąueous solution, moisture is introduced with the agent. The conseguences of variation 
in these parameters may be localized differences in relative humidity, agent concentration, and condensation rates on the sur¬ 
faces to be treated, resulting in variations in process lethality. The parameters to be estabfished Indude sterilant amount (usual- 
ly derived from injection guantities), relative humidity, and temperaturę. There is no demonstrated correlation between gas 
phase conditions, surface conditions, and mtcrobial kill. For this reason, Online monitoring of vapor phase concentration is not 
widely utilized as a contro! parameter. Efforts to develop a standardized biologlcal indicator for vapor systems have been hanv 
pered by the multfphasic naturę of these sterilants. Selectlon of the appropriate biological indicator (BI) and resistance should 
be based on experimentation within the useris system. Only under well-deflned, specific conditions (e.g., agent concentration, 
humidity level, temperaturę, substrate, and phase) can a rdiable D-value be established (for a definttion of Dwalue, see Sterilh 
zation of Compendiai Artkles (1229)). 

This chapter will briefly review hydrogen peroxide and peracetic acid sterilization systems, because they are morę wideiy 
used than olher vapor phase sterilizing agents in the pharmaceutical and medical device industries. 

HYDROGEN PEROXIDE 

The efficacy of hydrogen peroxide as a liquid sterilant has been long established. 1 There are severa! effective approaches to 
hydrogen peroxide (H 2 0 2 ) injection, including continuous, intermittent, or all at once. Some of the systems utilize an evacua- 
tion or drying step prior to introduction of the hydrogen peroxide (H 2 0 2 ) to allow for increased concentration without excess 
condensation. Alternativeiy, hydrogen peroxide (H 2 0 2 ) can be introduced as a iiquid, followed by target heating, Foliowing 
the exposure period, the chamber or target is aerated to an acceptabfe level for further processing of materials and/or person- 
ne! exposure (whichever is lowest) prior to opening and removing the sterilized article, 

PERACETIC ACID 

Peracetic acid (CH^COjCH), alone or mixed wrth hydrogen peroxlde, is a sporicidal agent that has been proven effectiye. 1 
Peracetic acid is introduced as a liguid through an atomizer, resulting in the presence of lig u id and vapor phases within the 
chamber. After the process dwell period, it is removed by evaporation. 

VALIDATION OF VAPOR STERILIZATION 

Standard sterilizing conditions have not been defined due to the varying phase and multiphase naturę of the sterilant during 
sterilization processes. Therefore, no standardized Bis with Dwalues that may be used for conventional predictive anafysis of kill 
rates exist In the absence of B! Dwalues, and due to the variation in vapor sterilization cycle parameters, an emptricaf ap- 
proach must be used. The kill rates in the gas and llquid phases that constitute the vapor may be substantially different (liquid 
kill rates are considered greater than gaseous kill rates). Destruction of Bis distributed across the system or load demonstrates 
lethality regardłess of which phase effects the kill. Sterilization process parameters (usually time) that do not kill the Bis may be 
adjusted until a complete kill is achieved, This establishes the minimum conditions necessary for a complete kill. Vapor steriliza* 
tion may be va!idated using a half-cycie, bracketing, or other suilable approach as defined in (1 229) and Gaseous Sterilization 
(1229.7). 

The half-cycle validation method requrres the destruction of a suitable concentration of a resistant mioroorganism under de- 
frned, minimum conditions for a complete kill. Then, in routine operation, the minimum lethal time period is arbitrarily dou- 
bled, which supports a doubling of the spore log reductfon of the Bł, and is morę than sufficient to ]nactlvate the bioburden, 

A bracketing approach, which better supports process operating ranges for the critical parameters than does the half-cycJe 
method, also can be employed. In the bracketing method, one evaluates conditions that bracket the defined process condition 
in order to establish parameters for the minimum and maximum effects on the materials and bioburden. The minimum lethal 


1 Błock 5S, editor. Dtstnfection, SteiiHzoUon, and PreservoUon. Sth ed. Phlladelphia; Lipplncott Williams k Wilkins; c2001. Chapter 9, PeroKygen compounds.; pp. 
185-204. 
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process dwell time establishes the worst case for microbial kilf, Ineremental increases in process dwell time beyond the mini¬ 
mum lethal time period are used to establish the rnaximunri exposure periods, which impart the greatest effect on materials. In 
addition, adjustments to the quantity of agent introduced, operating temperaturę, and relative humidity are utilized to further 
enhance the bracketing approach. By this method, the routine process conditions may be established between the minimum 
and maximurn process conditions to ensure complete microbial kiil while maintaining the rntegrity of the materials. 

The following activities are defined for a batch process, and therefore appropriate adaptation is necessary when they are 
applied to intermittent or conti nuous sterilization processes, 

* Equipment ąualification —The eguipment qualification for vapor sterilization mimics that of other sterilization processes in 
order to confrrm that the equipment has been properly installed and operates as intended. 

• Empty chamber pammeter d/str/buttoił—Although multipoint measurement is possible, it lacks correlation to surface micro¬ 
bial kill. Humidity and temperaturę measurements, along with Chemical indicators, can provide a limited indication of 
sterilant distribution. Bis are not reguired in the evaluation of the empty chamber. 

• Gomponent mapping —For surface sterilization, internal mapping of load items is not reguired. Although vapors are primar- 
ily used as surface sterilants, when they are used for packaged articles with internal surfaces and volumes that need to be 
steriiized, interna! mapping shoufd be performed, with Bis placed in difficult-to-penetrate locations to confirm process le¬ 
thality. 

® Load mapping— Humidity and temperaturę measurements, along with Chemical indicators, can provide a limited indica¬ 
tion of sterilant distribution on component surfaces. Bis are not required. Effects of load size and patterns should be as- 
sessed. 

* Biological indicators —The use of multipfe Bis at each test location is recommended to morę adeąuateiy support the proc¬ 
ess lethality. 

■ Process confirmation and microbiologicaf challenge— The core of the validation activity is the confirmatlon of acceptable 
process parameters and inactivation of the microbial challenge. Proof of cycle efficacy is provided in repEicate studies in 
which the Bis are killed and Chemical or physical measurements are utilized. 

ROUTINE PROCESS CONTROL 

Vapor sterilization is subject to controis that maintain a validated State over time. The practkes outlined in <1229) describe 
the generał reguirements appropriate for atl sterilization Systems. The essential practices reguired to maintain validated status 
include calibration, physical measurements, use of Bis, physical or chemica! integrators and indicators, ongoing process con¬ 
tro!, change controi, preventive maintenance, periodic reassessment, and training. 


(1229.12) NEW STERILIZATION METHODS 


INTRODUCTION 

Sterilization processes are developed for the eliminatron of viab!e microorganisms while preserying the essentia! physical, 
Chemical, and biological properties of the materials subjected to them. Where this cannot be accomplished by the sterilization 
methods described in Sterilization of Compendial Articles (1229), it may be possible to sterilize by using a proposed method not 
commonly used. When doing so, it is the end useris responsibility to demonstrate that the proposed new method can be used 
safely and effectiyely. 

POINTS TO CONSiDER FOR A NEW STERILIZATION METHOD 

The major steps in the implementation of a new sterilization method include the following: 

* Elimination of any established method through experiTientaf evidence and/or comprehensive literaturę review of any ma¬ 
terials used 

* A literaturę review to identify supportive information on the proposed method 

* Identification and confirmation of reproducible lethality against a broad rangę of microorganisms, jncluding bacterial 
spore-formers 

* Identification and definition of critical process parameters necessary to ensure suffident lethality. The effective rangę of 
these parameters should be explored to identify necessary conditions for the proposed sterilization process. Among the 
parameters to be constdered, depending upon the naturę of the process under consideration, are process dwell time, 
temperaturę, concentration, energy or power, and relative humidity. This evaluatbn should include positive and negative 
Controls to ensure that the proposed method is in fact responsible for microbial destruction. 

* The seiection of a biological Indkator (usually a sporeTorming microorganism) with increased resistance to the steriliza¬ 
tion method 
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* Evaiuation of the proposed method against antkipated bioburden tmtroorganisms and comparison of relatrve resistance 
of the bioburden microorganism to that of the chosen bioiogical indkator 

* The Identification of in-process and/or post-process measurements and/or analysrs that tan reliably confirm the effective- 
ness of the proposed sterilization process, 

Where the proposed new method is used for materials intended for human and/or veterinary use, the relevant regulatory 
authorities should be contacted to secure their acceptanee before either investigatronal or clinical usage* Validation of the pro* 
posed new method should be completed before use on a com merda! basrs. 


<1229.13) STERILIZATION-IN-PLACE 

INTRODUCTION 

Sterilization-in-place (SIR) can be defined as the sterilization of a system or piece of process eąuipment in situ. The purpose 
of SIP 1 is to eliminate, or greatly redutę, the need for post-sterilizatron handling, induding that necessary to make aseptic eon* 
nections, Mobile process equipment (e.g„ portable tanks, storage ve$$els, and other equipment), once sterilized m this mam 
ner, may be relocated. The SIP process can be carried out oy usrng any of the following physical methods: moisf heat, d ry 
heat, gas, liguid, or vapor (desenbed below) according to the approaches described in Sterilization of Compendiai Artides 
(1229), as adapted for use with the specific eąuipment or system, 

COMMON ELEMENTS OF SIP PROCESSES 

There are a number of consideratfons appropriate for the design and use of SIP procedures that apply to all of the steriltea- 
don methods: 

■ The use of an SIP method is normally associated with a "closed system/' Closed systems are almost always sterilized in 
situ, and the design elements of the typical closed sysiem are consistent with many SIP process needs. 

• For large systems, it may be necessary to sterilize in portions. The individual sterilization processes should overlap to en- 
surę treatment of all internal surfaces* 

* The focus of the SfP procedurę is sterilization of the product contact surfaces (the interior of the system), Demonstration 
of process lethality relies upon physical measurements and bioiogical indrcators. This confirmation should extend to the 
"stenie boundary" of the system, induding vessel headspace, connections to other vesset$/equlpment, and other parts of 
the system. The interior surfaces of the process equipnent, irrespective of their materials of construction, should be ex- 
posed to lethal conditions sufficient to sterilize the system and confirmed as lethal with an appropriate bioiogical chal¬ 
lenge. 

• SIP is accomplished almost exdusivefy using the overkii! approach to sterilization. The components of the physical equip- 
ment should be chosen based upon their ability to withstand the sterilizing conditions to be used, Filters in the process 
system, whether membranę or high-effidency particulate air (HEPA), are typically susceptible to damage during SIP, and 
care most be taken to preserve their integrity, Fiiter manufacturers can provide gutdance on acceptable sterilization meth¬ 
ods and parameters. 

■ The absence of specifically designed eąuipment in which the sterilization process is performed places the bulk of responsi- 
bility for design onlo the user, SIP systems ordinarily can not be purchased directly in the way one purchases a steam steri- 
lizer or a dry heat oven. instead, the system, which was designed for the operating process, may require modification to 
accommodate the SIP process to be used. The user must assume the role of designer for the process, eąuipment, and 
contro! system. 

* The system design and operating procedures must provide for an efficient means of introducing and removing the sterilh 
zation agent. Sterilization agent removal must consider the potential effects of residua! sterilant on the materials to be 
processed. Establishment of a reliable process seąuence is a eriticaJ part of the cycle development exercise. The sterilizing 
agent is normally introduced through a fiiter on the system that may also serve as a process, purge gas, or vent fiiter, 

• At the concluston of the sterilization process seąuence and until ready for use, the system should be pressurized with a 
purge gas (stenie air or nitrogen are the most common) to prevent the introduction of contaminants to the sterilized sys¬ 
tem, 

* The critical process parameters for the SIP process should be recorded as the process is executed, The important paranie- 
ters may indude temperaturę, pressure, eon centra tion, flow ratę, humrdity, and time, among others. 


1 MMI/I5G 13408-5. Aseptk processing of health care producm-pari S. sterifizatton in place; 2008, 
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CIOSED SYSTEMS 

In pharmaceuticai manufactunng operations, dosed Systems are used for various applications induding maintenance of 
large quantities of materials (liguids or powders) In a stenie State; manufacture of bioiogical and synthetic organie active ingre- 
dients (especially where microbial absente is essential); and preparation of process equipment for use in stenie drug product 
manufacturing and filling, The use of dosed Systems provide$ superior separation of sterile materials from the surrounding en- 
vironment. Typicalły, dosed Systems are maintained under positive pressure at all times, The characteristics of a dosed system 
that establlsh its designation as "dosed" indude the following; 2 3 

* It maintains mtegrity during all operating periods and under all conditions. 

* it is sterHśzed-m-pface or sterilized while dosed before use, 

* It can be adapted for materials transfer in and/or out while maintaining its sterile State. 

* It can be connected to other dosed systems while maintaining the integrity of all systems. 

* It is subject to scheduled preventive maintenance. 

* It uses steniizing-grade fifters for sterilization of liquid and gas process streams. 

SIP METHODS 

Moist Heat 

The use of saturated steam is the most preva!ent method for SIP of large systems. The majority of installations use gravity 
displacement cycles adapted from those odginally used in steam sterilizers (the size and complexity of many systems preclude 
the use of prevacuum cydes), fmportant considerations indude the provision for air removal, condensate discharge, and steam 
removal post-dwell. 3 * 4 5 This method is commonly used for bioreactors, sterile bulk production, holding tank and delivery lines, 
and other large systems. 

Superheated Water 

Systems used for Water for Injectlon and Puńfied Water cłu be sterilized by using superheated water (water that is heated 
above its boiting point and pressurized to maintam It as a liquid) circulating through the system. This method has the ability to 
sterilize vessels, filters, and other wetted components at the same time. s ftemoval of residua! water subseąuent to the steriliza¬ 
tion phase is recommended. 


Dry Heat 

Dry heat has been used for SIP of spray dryers and their associated materiał coliection systems. The air supply for sterilization 
in these systems is prowded through HEPA filters. 

Gas 

Cas-phaseSlPhasbeenusedfornomand low-pressure-rated process equipment, soch as freeze dryers, prefreezers, process 
vessels, and other equipmenl. 


Uquld 

Liquid Chemical sterilization is best suited for liquid-handłing systems and can be used only for fully wetted surfaces. This 
process is simllar to those using superheated water except the letlial modality is Chemical rather than thermak 

Vapor 

Sterilizing vapors have been used for the in situ sterilization of the same types of process equipment as those treated with 
stehlizing gases, The precautions associated with vapor sterilization described in Yapor Phase Sterilization (1229.11) are re- 
quired. 


2 P<trenler<il Drug Assodation, Technical Report No. 28, Revised, Supplement Yoiume 60, No. S-2, Process simulation testing for sterile bulk pharmaceuticai chemh 
cal5. Bethesda, MD; PDA; 2005. 

i Agalloco } + Steam sterilization-in-place lechnotogy and va1idation. In; Agalloco |, Carfeton F|, editors, V3lidation of pharmaceuticai processes. 3rd ed. New York; 
Informa USA; 2007. 

Ą PaienLcral Drug Associalton, Technical Report No. 61, Steam in place. Belhesda, MD; PDA; 201 3. 

5 Maggslrom M. Sterilization-in-place using steam or superheated water. In: Proceedings of the PDA Basel conference. Beihesda, MD: PDA; 2002, 
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ROlfTINE PROCESS CONTROL 

SIP processes are subject to formal Controls that maintain a validated State over time. The practices outłtned in 0229} in- 
dudę the generał reąuirements appropriate for all sterilization systems as well as those specific to an individual sterilization 
method, Sterilization is accomplished by a numfoerof related practices that are essential for continued use of the process over 
an extended period of time* The essential practices to maintain validated status indude cafibratton, physical measurements, 
physical integrators or indicators, ongoing process control, change control, preventive maintenance, periodic reassessment, 
and training. 


(1230) WATER FOR HEMODIALYSIS APPLICATIONS 


GENERAL PURIFICATION CONSIDERATIONS 

Chemical and microbial components that can be found in drinking water meeting U.S. Environmental Protection Agency 
National Primary Drinking Water Regulations (or equivalen:) may have the potentiaf to produce significant negatwe effects in 
patients undergoing hemodialysis. Jt r$, Eherefore, necessary to subject the water to further treatment to reduce these compo¬ 
nents to acceptable level$. The Worer for Hemodialysis monograph prowdes bacterial and Chemical tesEs that are requtred to 
ensure patient safety, Additional testing is recommended as follows: 

(1) Excess levels of afumrnum, fluorides, and chlorine may be found seasonafly in drinking water as a result of Chemicals used 
in water treatment, These components should be monitored in Water for Hemodialysis being produced in accordance 
with established standard operating procedures. The maximum acceptable levels of these and other elements and com- 
pounds, as proposed by AAMI (Association for the Advancement of Medicat Instrumentation) are listed in Tabte L These 
attributes shouid be periodically monitored to ensure ihey are being eon troi led by the routine testing performed in ac¬ 
cordance with the Water for Hemodialysis monograph* 

(2) A comprehensive validation testing of the system producing Water for Hemodialysis should be performed initially and pe¬ 
riod tcally thereafter to ensure that the water treatment equipment and system sanitization processes are functioning prop- 
erfy, 

Table 1 * Maximum Aliowable Chemical Levels in Water for Hemodialysis 

(water used to prepare dialysate and concentrates from pewder at a rilalysis facility and to reprocess dralyzers for multipłe use)* 

Maximum Concentration 

Element or Compound(mg/L) 

Contaminants with documented toxidty 
in hemodialysis 


Alumlnum 

0.01 

Chloramines 

OJ 

Free chlorine 

0,5 

Copper 

OJ 

Fluoride 

0.2 

Lead 

0.005 

NEtrate (as N) 

2 

Sulfate 

100 

Zrnc 

DJ 

Contaminants normaily induded in diatysate 

Calcium 

2 (0.1 mEq/L) 

Magnesium 

4 (0.5 mEq/L) 

Potassium 

8 (0.2 mEq/L) 

Sodium 

70 (3,0 m£q/L) 

Other contaminants 

Antimony 

0,006 

Arsenie 

0.005 

Bariom 

OJ 

Beryl lium 

0,0004 

Cadmium 

0.001 

Chrom] u m 

0.014 


* Reprrnted with permkslon from AN5I/AAMI RD62; 2006, "Waler treatment eguipmenl for hemodialysis applications", CAssocialion for the Advancement of 
MedicaJ instrumentation, Ariington, VA. 
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Table 1. Maximuin Allowabie Chemical Lcvels in Water for Hemodialysis 

(water used to prepare dialysate and concentrates from powder at a dialysis Facilrty and to reprocess dialyzers for mul lipie use)* (Continued) 


Element or Compound 

Maximum Concentration 
(mg/L) 

Mercury 

00002 

Selenium 

0.09 

5itver 

0.005 

Thalllum 

0.002 


* Reprinted with permission from ANSI/AĄMI RD62: 2006, "Water treatment epuipmenl for hemodialysis applications", ©Assodation for Ihe Advaneement of 
Medical Instrumentation, Arii ng ton, VA, 


The Chemical limits included in Tabie 1 have been recognized by federal government agencies as standards for Water for 
Hemodialysis. Written standard operating procedures for water testing shouEd be established by the physidan in charge or the 
designated facifity manager. The test frequency decision should be based upon historical data analysis, the quality of the 
source water as reported by the municipal water treatment faci li ty or public Health agency in the area, etc. Records should be 
maintained to document levels and any necessary remedial action taken promptly. 

Chemical analysts of water components listed should be performed using methods referenced in the American Public Health 
Assodation^ Standard Methods for the Examination of Water and Wastewater , 21 51 Edition, 1 those referenced in the U.S. Erwiron- 
mental Protection Agency's Methods for the Determination of Metals in Environmental Samples/ or equivalent methods as refer¬ 
enced in ANSI/AAMJ RD 62:2006. 

M!CR0BIAL CONSIDERATIONS 

The Water for Hemodialysis monograph includes total aerobic microbial count (TAMC) limits of 100 cfu/mL and endotoxin 
limits of 1 USP Endotoxin Unit/mL In addition, the absence of Pseudomonas aerugtnosa should be routinely determined be- 
cause this is an opportunistic pathogen hazardous to acutely ill hemodialysis patients. Both the high microbial counts and the 
presence of Pseudomonas aeruginosa can be associated with inadeguate water system maintenance and sanitization, Sampllng 
the water should be done at all use point* where the water enters the dialysis equipmenL Samples should be assayed within 
30 minutes of collection or immediately refrigerated and then assayed within 24 hours of collection. The microbial enumera- 
tion and absence tests are performed using procedures found in the USP generał test chapters Microbial Enumeraiion Tests (61) 
and Tests for Spedfied Microorganisms (62). Óuantification of bacterial endotoxins is performed using procedures found in the 
USP generał test chapter Bacterial Endotoxins Test {85), 

Because of the incubation ttme requlred to obtain defmitive microbiologlca! resuits, water systems should be mitrobiologh 
calfy monitored to eonfirm that they continue to produce water of acceptable quafity, "Alert" and "Action Levels" are Lhere- 
fore necessary for the monitoring and controI of the system. An Alert Leve! constitutes a warning and does not require a cor- 
rective action, An Action Level indicates a drift from normal operating condltions and reguires that corrective action be taken 
to bring the process back into the norma! operating rangę, Exceeding an Alert or Action Level does not impiy that water qualh 
ty has been compromised. The maximum recommended Action Level for a total viable microbial count in the product water 
should be no greater than 25 cfu/mL, and the maximum recommended Action Level for bacterial endotoxins should be no 
greater than 0,25 USP Endofcoxtn Unit/mL As with al! process control values, Action and Alert Levels should be established 
from normal system monitoring trends and process capabilities in a fashion that allows remedial actions to occur in response 
to process control level excursions well before spedfications are exceeded (also see Microbial Considerations under Water for 
Pharmaceutical Purposes (1231}), 


(1231) WATER FOR PHARMACEUTICAL PURPOSES 


Tabte of Contents 
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* American Public Health Assodation, Washington, DC 20005, 

2 U.S, Erwironmental Protection Agency Publication EPA-óOO-R-94-1 1 1 , CindnnaŁl, OH, 
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1. INTRODUCTION 

Water is widely used as a raw materiał, inactive ingredient, mediana! vehicle, and solvent in the processing, formułation, 
and manufacture of pharmaceutical products (dosage forms), active pharmaceutical ingredients (APts), APl intermediates, 
compendial artides, and analytical reagents as well as in cleaning appiications. 

This is an mformationai chapter on pharmaceutical water topics and includes some of the Chemical and microbiological eon- 
cerns unique to water and its preparation and uses. The chapter provides Information about water quality attributes {that may 
or may not be included within a water monograph) and processing techniques that can be used to improve water quality. It 
also discusses water system vafidation and gives a description of minimum water quality standards that should be considered 
when seleetmg a water source includmg sampling and system Controls. 1t is equally important for water systems to be operat- 
ed and maintamed in a State of control to provide assurance of operational stabiliły and therefore the capability to provide 
water that meets established water quafity standards, 

This informational chapter is intended to be educationel, and the user should also refer to existing regulations or guidelines 
that cover U.S. and International [International Conference on Harmomsation (ICH) or World Health Organization (WHO)] 
good manufacturing practice (CMP) issues, as well as operational and englneering guides and/or other regulatory guidance 
for water [e.g., from the Food and Drug Administration (FDA), Environmental Protection Agency (EPA), or WHO], This chapter 
(s not, and should not be considered, an all-inclusive document on pharmaceutical waters. It contains basie Information and 
points to be considered for the processing, holding, monitoring, and use of water. It is the user's responsibility to ensure that: 

1. The selection of the type and specifications of water is appropriate for its intended use. 

2. Water production and ąuality meet applicable governmental regulations and guidance. 

3. The pharmacopeia! specifications for the types of water used in monographed articles are met, 

4. Water used in the preparation of reagents for analysb or the performance of required tests meets USP reguirements. 

Control and monitoring of the Chemical and endotoxin purity of waters are important for compiying with the requirements 

of the monographs in this compendium. Attributes listed m USP monographs should be considered the minimum require- 
ments. Morę stringent requirements may be needed for some applications to ensure suitability for particular uses. Basic guid¬ 
ance on the appropriate applications of waters can be found in the monographs and is also discussed further in this chapter, 

Control of the microbiological quality of water is also important for many of its uses. This attribute is intentionally not speci- 
fied in most water monographs. Microbiological control is discussed throughout this chapter, but espedaliy in sections 4, 5, 6, 
8, and 9. 

This chapter contains various Chemical, microbiological, processing, and englneering concepts of importance to users of wa¬ 
ter Water system validation, process control levels, and specifications are also presented later in this chapter. 

2. SOURCE WATER CON5IDERATIONS 

Source water is the water that enters the fadlity. The origin of this source water can be from natural surface waters like rivers 
and reservoirs, deep-bed well waters, sea waters, or some combination of these, potentially including multi ple locatfons of 
each type of source water. Thus, source water can be supplied from these various orlglns (public or private), from municipali- 
ties 1 on-site water sourcing, or by external dellvery such as a truck. It is possible that source water may not be potabfe and safe 
to drink. Such water may reąuire pretreatment to ensure that it meets drinking water standards. It is the responsibility of the 
users of any source water to ensure that the water used in the production of drug substances (AR), as well as water for indirect 
drug product contact or for purlfication system feed water purposes meets, at a minimum, drinking (potable) water standards 
as defined by the requirements of the National Primary Drinking Water Regulations (NPDWR) (40 CFR 141) issued by the U.S. 
EPA or the drinking water regulations of the European Union (EU) or Japan, or the WHO drinking water guidelines (see 3.3.1 
Drinking Water), These regulations establish limits on the types and quantitres of certain Chemical and microbiological contami- 
nants and ensure that the water will contain safe quantities of Chemical and microbial spedes. 

Where water supplies are from regulated water utility companies, less stringent monitoring may be possible because the at¬ 
tributes may be tested regularly and ensured by the supplier (see 9.4.5 Source Water Control). Water being withdrawn from a 
nonregulated supply should be sampled and tested appropriately at a suitable frequency that takes into aecount local environ- 
mental and seasonal changes and other guality fluctuations, Testlng should ensure conformance with one of the drinking wa¬ 
ter standards discussed above. 

The use of water compiying with one of these designated drinking waters as a source water allows water pretreatment Sys¬ 
tems to only be chailenged to remove smali quantities of potentially difficult-to-remove Chemicals. Control of objectionable 
Chemical contaminants at the source water stage eliminates the need to specifically test for some of them [e.g., trihalome- 
thanes and elemental impurities (see Elementaf Impurities—limits (232))] after the water has been further purified, assuming 
there is no opportunity for recontamination. 

Source waters can be used for non product contact purposes such as for non-contact cooling systems. Such water may not 
normally be required to meet drinking water standards. Under such drcumstances, the guality standards for this water when 
used in a pharmaceutical fadlity should be subject to qua!ity standards established by the user and defensible to regulatory 
agendes. 
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3. WATERS USED FOR PHARMACEUTiCAl IWANUFACTURING AMD TESTING PURPOSES 

There are many different grades of water used for pharmaceutical purposes, SeVeraJ are descrfbed in USP monographs that 
specify uses, acceptable methods of preparation, and quality attributes. These waters can be divided into two generał types: 
bulk waters, which are typka!ly produced on site where they are used; and stenie waters, which are produced, packaged, and 
sterifized to preserve microbia! qua!ity throughout their packaged she[f life, There are several spedafized types of stenie waters 
that differ in their designated applications, packaging fimitations, and other quafity attributes. Monographed waters must 
meet the guality attributes as specified in the related monographs, and any Notes appearing In those monographs should be 
considered and addressed, 

With the exception of Bacteriostatk Water for Injection, the monographed bulk and sterile waters have a statement indicating 
that there are no added substances, or no added antimkrobial agents. In the case of antimicrobiaf agents, the purpose rs to 
ensure that the sterile water product is rendered sterile based solely on its preparation, packaging, and storage. In the case of 
the morę generał statement, "no added substances", this requlrement is Intended to mean "no added substances that aren't 
sufficiently removed", Two specific examp3es support this intention, but there are many examples. First, the use of softeners is 
commonpiace. A softener replaces calcium and magneslum ions with sodium, so technically you are adding two sodium ions 
for each hard ion. The purpose of sodium displacement rs to protect downstream equipment from the hard water, The sodium 
ions are eventua!iy removed sufficiently, and this is proven when the water sample passes the test for Water Conductivity <645), 
Another specific example is the use of ozone as a sanitant that is added to the storage tank for microbia i eon troi. This could be 
considered an added substance, unless the ozone is destroyed before use, as Is normally the case. Other notable examp!es 
include the addition of chłonne to kii! bacteria in the pretreatment system, use of bisulfite to chemically reduce chlorine to 
chloride and protect downstream equipment, and use of a mtrogen bianket for protection from atmospherie contamination. 

There are aJso other types of water for which there are no monographs. These are waters with na mes given for descriptive 
purposes only. Many of these waters are used in specific analytlcal methods. The descriptive titles may imply certain quality 
attributes or modes of preparation, but these nonmonographed waters may not necessarily adhere strictly to the stated or im- 
plied modes of preparation or specified attributes. Waters produced by other means or controlled by other test attributes, or 
even a monographed water, may equally satisfy the intended uses for these waters. it is the useris responsibility to ensure that 
such waters, even if produced and controlled exactly as stated, are suitable for their intended use. Wherever the term "water" 
is used within this compendium without other descriptive adjectives or clauses, the intent is that water of no less purity than 
USP Purified Water be used (see 3.1.1 Purified Water). A brief description of the various types of waters commoniy associated 
with pharmaceutical applications and their significant uses or attributes foilows. 

Figurę 1 may be helpful in understanding some of the various types of waters, their preparation, and uses. 


Drinki lig WnLflr 1 



Figurę 1. Water for pharmaceutical purposes. *Complying with U.S. EPA MPDWR or the drinking water regulations of EU or 

japan or WHO. 

3.1 Bulk Monographed Waters and Steam 

The foifowing waters are generally produced in iarge vofumes using a multiple-unit operation water system. These waters 
are typically distributed in a piping system for use at the same site. 
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3,1,1 PURIFIED WATER 

Purified Water (see the USP monograph) is used as an excipient in the production of nonparenteral preparations and in other 
pharmaceutical appiications, such as the deaning of nonparenteral product-contact components and equipment. Unless oth- 
erwfse specified, Purified Water is also to be used as the minimum water guality for all tests and assays in which “water" ts 
indicated {see General Notices, 8.230.30 Water in a Compendial Procedurę). Thts applies regardless of the font and letter case 
used in its spelling, 

The min ima J qua!ity of source water for the production of Purified Water is Drinktng Water whose attributes are prescribed by 
the U.S. EPA, EU, ]apan, or WHO, This source water may be purified using unit operations that include deionization, distilla- 
tion, ion exehange, reverse osmosis, fiitration, or other suitable purification procedures. Purified Water musf meet the require- 
ments for ionic and organie Chemical purity and must be protected from microbial contamination, Purified Water systems 
must be validated to reliably and consistently produce and distributę water of acceptable Chemical and microbiological quaiity. 
Purified Water systems that function under ambient conditions are particularly susceptlble to the establishment of biofilms of 
microorganisms, which can be the source of undesirable levels of viable microorganisms or endotoxins in the water, These 
ambient Purified Water systems require frequent sanitization and microbiological monitoring to ensure that the water reaehing 
the points of use has appropriate microbiological quality, 

The Purified Water monograph also allows bulk packaging for commerdal use elsewhere. In contrast to Stenie Purified Water, 
packaged Purified Woteris not required to be sterile, Because there is potential for microbial contamination and other ąuaiity 
changes in this packaged nonsterile water, this form of Purified Water should be prepared and stored in a manner that limits 
microbial growth, and/or should be used in a timely fashion before microbial proliferation renders it unsuitable for its intended 
use. Also, depending on the materiał used for packaging, extractable compounds could be ieaching into the water from the 
packaging. Although this article is required to meet the same chemicaf purity standards as the bulk water, extractables from 
the packaging will likely render the packaged water less chemicalty pure than the bulk water, The naturę of these impurities 
may even render the water an inappropriate choice for some appiications, It is the useris responsibility to ensure fitness for use 
of this packaged article when it is used in manufacturing, cli ni cal, or analytrcal appiications where the purer bulk form of the 
water is indicated. 

3,1.2 WATER FOR INJECTION 

Water for Injection {see the USP monograph) is used as an excipient in the production of parenteral and other preparations 
where product endotoxin content must be controlied, and in other pharmaceutical appiications, such as the deaning of cer- 
tain eguipment and parenteral product-contact components, 

The mini mai quality of source water for the production of Waler far Injection is Drinktng Water whose attributes are prescri¬ 
bed by the U,S. EPA, EU, japan, or WHO. This source water may be treated to render it suitable for subseguent finał purifica¬ 
tion steps, such as distillation (or whatever other valfdated process is used, according to the monograph). The finished water 
must meet all of the Chemical requirements specified in the monograph, as welt as an additional bacterial endotoxin spedfica- 
tion. Because endotoxins are produced by the kinds of microorganisms that are prone to inhabit water systems, the equip- 
ment and procedures used by the system to purity, storę, and distribute Water for Injection should be designed to control mi¬ 
crobial contamination and must be designed to remove incoming endotoxins from the source water, Water for Injection sys¬ 
tems must be validated to reliably and consistently produce and distribute this quality of water, 

The Water for Injection monograph also ailows bulk packaging for commerdal use. In contrast to Sterile Water for injection, 
packaged Water for Injection is not reguired to be sterile, However, to predude significant changes in its microbial and endo- 
toxins content during storage, this form of Water for Injection should be prepared and stored in a manner that limits microbial 
introduction and growth and/or should be used in a timely fashion before microbial proliferation renders it unsuitable for its 
intended use, Also, depending on the materiał used for packaging, extractable compounds could be Ieaching Into the water 
from the packaging, Although this article is reguired to meet the same Chemical purity standards as the bulk water, extracta- 
bles from the packaging will likely render the packaged water less chemically pure than the bulk water. The naturę of these 
impurities may even render the water an inappropriate choice for some appiications, It is the useris responsibility to ensure 
fitness for use of this packaged artide when it is used in manufacturing, clinical, or analytical appiications where the purer bulk 
form of the water is indicated. 


3,1,3 WATER FOR HEMODIALYSIS 

Water for Hemodialysis (see the USP monograph) is used for hemodialysis appiications, primarily the dilution of hemodialysis 
concentrate Solutions. The minimal qualtty of source water for the production of Water for Hemodialysis is Drinking Water 
whose attributes are prescribed by the U.5. EPA, EU, Japan, or WHO. Water for Hemodialysis has been further purified to reduce 
Chemical and microbiological components, and It is produced and used on site. This water contains no added antimicrobial 
agents, and it is not intended for injection. Water for Hemodialysis must meet all of the Chemical requirements spedffed in the 
monograph as well as an additional bacterial endotoxin specification, The microbial limits attribute for this water is unique 
among the "bulk w water monographs, but is justified on the basls of this wateris speciftc applicatlon, which has microbial eon- 
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tent reguirements related to tts safe use. The bacterial endotoxins attribute Is likewjse established at a level rdated to its safe 
use, 

3.1.4 PURE STEAM 

Pure Steam (see the USP monograph) is also sometimes referred to as "clean steam". It is used where the steam or its con- 
densate would directly contact officiaJ artfcles or artide-contact surfaces, such as during thelr preparation, sterilization, or 
deanrng where no subsequent processing step is used to remove any impurity residues. These Pure Steam applications im 
clude, but are not limited to, porous 3oad sterilization protesses, product or cleaning Solutions heated by direct steam injec¬ 
tion, or humidification of proeesses where steam injection is used to eon troi the humidity inside processing vesse!s where the 
official artiefes or their in-process forms are exposed. The primary intent of using thfs guaiity of steam is to ensure that official 
artides or article-cgntact surfaces exposed to it are not contaminated by residues within the steam. 

The minima! quality of source waterfor the production of Pure Steam is Drinking Water whose attributes are prescribed by 
the U.5. EPA, EU, }apan, or WHO, and which has been suitably treated. The water is then vaporized with suitable m!st elimina- 
tion, and distributed under pressure. The sources of undesirable contaminants within Pure Steam could ansę from entrained 
source water dropfets, antlcorrosion steam additives, or residues from the steam production and distribution system itself. The 
chemica! tests in the Pure Steam monograph should detect most of the contaminants that could arise from these sources. If an 
official artide is exposed to Pure Steam and it is intended for parenteral use or other applications where the pyrogenfc content 
must be controlled, the Pure Steam must additionally meet the specification for Bacterial Endotoxins Test (85). 

These purity attributes are measured in the condensate of the artide, rather than the artide itself. Tbis, of course, imparts 
great importance to the cleanfiness of the process for Pure Steam condensate generation and collection, because it must not 
adverseiy impact the guaiity of the resuiting condensed fluid. 

Other steam attributes not detailed in the monograph, particufarly the presence of even smali quantities of noncondensable 
gases or the existence of a superheated or dry State, may also be important for applications such as sterilization. The large 
release of energy (latent heat of condensation) as water changes from the gaseous to the liguid State is the key to steam f s 
sterilization efficacy and its effidency, in generał, as a heal transfer agent. If this phase change (condensation) is not allowed to 
happen because the steam is extremely hot and is in a persistent superheated, dry state, then its usefulness could be seriously 
compromised. Noncondensable gases in steam tend to stratify or collect in certain areas of a steam sterilization chamber or its 
load. These surfaces would thereby be at Jeast partially Insuiated from the steam condensation phenomenon, preventing them 
from experiencing the fuli energy of the steriiizing condltlons. Therefore, control of these kinds of steam attributes, in addition 
to its chemical purity, may also be important for certain Pure Steam applications. However, because these additional attributes 
are use-spedfic, they are not mentioned in the Pure Steam monograph. 

Notę that lower-purity "'plant steam" may be used in the following applications: 1) for steam sterilization of nonproduct- 
contact nonporous loads, 2) for generał cleaning of nonproduct-contact equipment, 3) as a nonproduct-contact heat-ex- 
change medium, and 4) in all compatible applications invo!ved in bulk pharmaceutical Chemical and API manufacture, 

Finally, because Pure Steam is lethal to microbes, monitoring of microbta! control within a steam system is unnecessary, as is 
microbial analysis of the steam condensate. 

3.2 Sterile Monographed Waters 

The following monographed waters are packaged forms of either Purified Water or Water far Injection that have been steri- 
lized to preserve their microbiological properties, These waters may have specific intended uses as indicated by their names, 
and may also have restrlctions on the packaging configurations related to those uses. In generał, these sterile waters may be 
used in a variety of applications in lieu of the bulk forms of water from which they were derived. However, there is a substan- 
tial difference between the acceptance criteria for the Chemical purities of these bulk waters versus sterile waters. The specifica- 
tions for sterile waters differ from those of bulk waters to accommodate a wide variety of packaging types, properties, voh 
urnes, and uses. As a result, the inorganic and organie impurity specifications are not equivalent for bulk and packaged waters. 
The packaging materials and elastomeric closures are the primary sources of these im purities, which tend to inerease over the 
shelf life of these packaged artides. Therefore, due consideration must be given to the chemical purity suitability at the time of 
use of the sterile forms of water when used in manufacturing, analytical, and cleaning applications in lieu of the bulk waters 
from which these waters were derived. It is the user's responsibility to ensure fitness for use of these sterile packaged waters in 
these applications. Nevertheless, for the applications discussed below for each sterile water, their respective purities and pack¬ 
aging restrictions generaljy render them suitable by definition, 

3.2.1 STERILE PUR1FIED WATER 

Sterile Purified Water (see the USP monograph) is Purified Water ; packaged and rendered sterile. It can be used in the prepara- 
tion of nonparentera! compendiaf dosage forms or in analytical applications reguiring Purified Water where 1) access to a vali- 
dated Purified Water system is not practical, 2) only a relati’/ely smali guantity is needed, 3) Sterile Purified Water is reguired by 
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specific monograph or pharmacy practice, or 4) bulk packaged Purified Water is not suttably controlled for the microbiological 
guality for its intended use. 


3.2.2 STERILE WATER FOR INJECTJON 

Sterile Water for Injection (see the USP monograph) is Water for Injection pac kaged and rendered stenie. It is used for extem- 
poraneous prescription compounding and as a stenie difuent for parenteral products. It may also be used for other applications 
where bulk Water for Injection or Purified Water is indicated but access to a validated water system is not practical, or where 
only a relatively smali guantity is needed. Stenie Water for Injection is packaged in single-dose containers not larger than T L. 

3.2.3 RACTERIOSTATIC WATER FOR INJECTION 

Bacteriostatic Water for Injection (see the USP monograph) is Water for Injection, packaged and rendered stenie, to which Has 
been added one or morę suitable antimlcrobial preservatives. It is intended to be used as a dtluent in the preparation of paren¬ 
teral products, most typicaEly for multi-dose products that reguire repeated content withdrawals, It may be packaged in single- 
dose or multiple-dose containers not larger than 30 mL. 

3.2.4 STERILE WATER FOR IRRIGATION 

Stenie Water for łnigation (see the USP monograph) is Water for Injection packaged and sterilized in single-dose containers 
which may be larger than 1 L and allow rapid delivery of their contents. Due to its usage, Stenie Water for Irrigotion is not 
required to meet Particulate Matter in Injections (788). Itmayalso be used in other applications that do not have particulate 
matter specrfications, where bulk Water for Injection or Purified Water is indicated but where access to a validated water system 
is not practical, or where somewhat larger quantrties are needed than are provided as Sterile Water for Injection. 

3-2.5 STERILE WATER FOR INHALATION 

Sterile Water for inhalation (see the USP monograph) is Water for Injection that is packaged and rendered sterile and is inten¬ 
ded for use in mhalators and in the preparation of inhalation Solutions. This monograph has no reguirement to meet (788); it 
carries a less stringent specification for bacterial endotoxir$ than Sterile Water for Injection, and therefore is not suitable for pa¬ 
renteral applications. 


3.3 Nonmonographed Waters 

In addltion to the bulk monographed waters described above, nonmonographed waters can also be used in pharmaceutieal 
Processing steps such as deaning and synthetic steps, and also as a starting materiał forfurther puriffeation or testing purpo- 
ses. Unless otherwise specifted in the compendium, the minimum guality of water is Purified Water. [Notę—T he information in 
this chapter is not an alMndusive discussion of all nonmonographed waters identtfied in the USP-NF.] 

3.3 J DRINKING WATER 

Drlnking Water can be referred to as Potable Water (meaning drinkable or fit to drink), National Primary Drinking Water, 
Primary Drinking Water, or EPA Drinking Water. Except where a singular drinking water specification is stated (such as the ll.S. 
EPA f s NPDWR, as dted in 40 CFR Part 141), this water must compiy with the guality attributes of either the NPDWR or the 
drinking water regulatsons of the EU or ja pan, or the WHO Guidelines for Dnnking-Water Quolity. Drinking Water may originate 
from a vanety of sources induding a public water supply, a private water supply (e.g., a well), or a combination of these sour- 
ces (see 2. Source Water Considerations). 

Drinking Water may be used in the early stages of cleaning pharmaceutieal manufacturing eąuipment and product-contact 
components. Drinking Water is also the minimum quality of water that should be used for the preparation of officia! substan- 
ces and other bulk pharmaceutieal mgredients. Where compatible with the processes, the contaminant leve!s aliowed in Drink- 
ing Water are generally consrdered safe for use in preparing officiaI substances and other drug substances. However, where 
required by the processing of the materials to achieve their reąuired finał purity, higher qualities of water may be needed for 
these manufacturing steps, perhaps even water as pure as Water for injection or Purified Water . Such higher-purity waters, how- 
ever, rmght require oniy seiected attributes to be of higher purity than Drinking Water (see Figurę 2a and Figurę 2b). Drinking 
Water is the prescribed source or feed water for the production of bulk monographed pharmaceutieal waters. The use of 
Drinking Water specifications establlshes a reasonable set of maximum allowable levefs of Chemical and microbiological eon- 
taminants with which a water purification system will be challenged. Because seasonal variations in the qualtty attributes of the 
Drinking Water supply can occur, it is important to giye due consideration to its uses. The processing steps in the production 
of pharmaceutieal waters must be designed to accommodate this yariability. 
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Figurę 2a. Selection of water for pharmaceutical purposes: APls and dosage forms. 



Figurę 2b. Selection of water for pharmaceutical purposes: Analytical reagents. 


3.3.2 OTHER NONMONOCRAPHED WATERS 


In addition to Drinking Water, this compendium discusses waters with various other designations, These include waters of 
vanous quality level$ for special uses such as, but not limited to, cleaning and testing purposes. 

Both General Notices and Reąuirements (see General Notices, 8.230.30 Water in a Compendia! Procedurę) and Reagents, Indica- 
tors, and Solutions (see introductory fl/5 section 4,7) clearly State that where the term "water" is indicated for use in analyses 
without grammatical gualification or other spedfication, the quality of the water must be Purified Water: However, numerous 
such qualifications do exist Some of these qualifications involve adjectives describing methods of preparation, ranging from 
specifying the primary purification step to specifying additional purification. Other guafificattons cali for specific attribute "ab- 
sences" to be met that might otherwise mterfere with analytical processes. In most of these tases, the reguired attribute absen- 
ces are not specifically tested* Sometimes, a further "purification process" is spedfied that ostensibly alfows the water to ade- 
quately meet this required "absence attribute". 

However, preparation instructions for many reagents were carried forward from the innovatoA laboratories to the originally 
introduced monograph for a particular USP-NF article or generał test chapter. The guality of the reagent water described in 
these tests may reflect the water quality designation of the innovator f s iaboratory. These specific water designations may have 
originated witbout the innowator 1 ? awareness of the reguirement for Purified Water in USP-NF tests. Regardless of the odginał 
reason for the creation of these numerous special analytical waters, it is possible that the attributes of these special waters 
could now be met by the basie preparation steps and current specifications of Purified Water. In some cases, however, some of 
the cited posbprocessmg steps are stil! necessary to reliably achieve the reguired attributes. 

Users are not obligated to utilize specific and perhaps archaically generated forms of analytical water where alternatives with 
egual or better guality, availability, or analytical performance may exi$t The consistency and reliabiMty of operatlons for pro- 
ducing these aiternative analytical waters shouid be verified so that the desired attributes are produced. In addition, any aiter* 
natlve analytical water must be evalualed on an appMcation-by-applicatfOn basis by the user lo en surę its suitability. The fol- 
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lowing is a summary of the various types of nonmonographed analytical waters that are dted In the USP-NF. This is not an 
exhaustive listing, Those listed below are used rn multiple focations. 5everal nonmonographed analytical waters are not indu- 
ded below because they are onfy found in one or perhaps two focations within this compendium. 

Notę that the na mes of many of the waters below impiy a very Iow chemica! im purity fevel, For example, "deionized water" 
implies that all the ions have been removed* However, in most cases discussed below, exposure of the water to air will result in 
the ingress of carbon dioxide (C0 2 ), leading to the formahon of bicarbonate and hydrogen ions. Therefore, the removal of 
ions cannot be completely maintained for most analytical applications. 

3.33 AMMONIA-FREE WATER 

From a functional standpoint, Ammania-Free Water must have a negligible ammonia toncentration to avord interference in 
tests sensitive for or to ammonia. Due to the naturę of the uses of this water, Purified Water couId be a reasonable altemative 
for these applications. 


3.3.4 CARBON DIOKIDE-FREE WATER 

Carbon Dioxide-Free Water is defined in the introductory portion of the Reagents, Indicators , and Solutions section of USP-NF 
as Purified Water that has been vigorously boiled for NLT 5 min, then cooled and protected from absorption of atmospheric 
carbon dioxide. Alternatively, this could be Purified Water that has a resistfvity of NLT 18 Mohm-em at 25°. 

Because the absorption of atmospheric carbon dioxide lowers the pH of high-purity waters, most of the uses of Carbon Di- 
oxide-Free Water are either assodated as a soMent in pH-related or pH-sensitive determinations or as a solvent in bicarbonate- 
sensitive reagents or determinations. 

The term ''Carbon Dioxide-Free Water" is sometimes used tmproperly. Besides its use for pH or acidity/alkalinity tests, the 
purpose for using this water is not always elear, The intendon coufd be to use water that was deaerated (free of dissolved air) 
or deionized (free of extraneous ions), or even Purified Water with an additional boiiing step. Although boiling is highly effec- 
tive for removing carbon dioxide as well as all other dissolved gasses, these gases are readily re-absorbed unless the water is 
protected. Even with protection, such as use of a stoppered Container, re-absorption will occur over time as air wili readily 
transmit through seals and diffuse through most materials, Deionization is also an efficient process for removing drssolyed car¬ 
bon dioxide. Carbon dioxide forms fonie bicarbonate in water, and will be subseguentfy removed by k>n-exchange resins. 
However, the same problem of carbon dioxide re-absorption will occur afler the deionized water is exposed to air. Also, the 
deionization approath for creatlng Carbon Dioxide-Free Water does not deaerate the water or remove other dissolved gases 
such as oxygen (O z ); it only removes carbon dioxide and other ions. 

Depending on the application, Purified Water may meet the requirements wliere Carbon Dioxide-Free Water is called for. 

This could also include pH or acidity or alkalinity tests, The pH of a sample of pure Deionized Water is, by definition, 7.0. When 
that same sample is exposed to typical environmental atmospheric conditions, the water sample will absorb carbon dioxide 
and result in a pH rangę of approximately 5.4-6.2 ([Eh] is rn the rangę of 4.0 x 1 O 6 M to 6,3 x 10 ? M), The ad ded acidity 
caused by carbon dioxide absorption may be insignificant compared to the materiał being analyzed. 

3,3.5 DISTILLED WATER 

Distilled Water is produced by vaporizing Drinkrng Water or a hrgher guality of water and condensing it rnto a purer State. It 
is used prrmarily as a solvent for reagent preparation, and it is also spedfied in the execution of other aspects of tests, such as 
for rinsing an analyte, transferrlng a test materiał as a slurry, as a callbration standard or analytical blank, and for test apparatus 
cleaning. Distilled Water is also cited as the stardng water to be used for making High-Purity Water, Because nonę of the cited 
uses of this water impiy a need for a particular purity attribute that can only be derived by distlllation, water meeting the re- 
guirements for Purified Water derived by other means of purification or Water for injeetion coufd be equally surtable wliere Dis- 
tilled Water is spedfied, it is the useds responsibilrty to verrfy the suitability of Purified Water or Water for Injeetion. 

3.3.6 FRESHLT DISTILLED WATER 

Freshiy Distilled Water or "recently distilled water" is produced in the same manner as Distilled Water and should be used 
soon after its generatton. This implies the need to avoid endotoxin contamination, as well as any other forms of contamination 
from the air or containers, that could arise with prolonged sto ragę. Freshiy Distilled Water is used for preparing Solutions for 
subcutaneous test-anima! injections and for a reagent soivent rn tests for which there appears to be no particularly high water 
purity needed that could be ascrlbable to being "freshiy distilled". In the test-animal application, the term "freshiy distilled" 
and its testing use impiy a Chemical, endotoxin, and microblological purity that could be equalfy satisfied by Water for Injec- 
tion (although no reference is madę to these Chemical, endotoxin, or microbial attnbutes or specific protection from reconta- 
mination). For non-animal uses, water meeting the requirements for Purified Water derived by other means of purification 
and/or storage periods could be egually suitable where "recently distilled water" or Freshiy Distilled Water is spedfied. It is the 
user’s responsi bility to verify the suitability of Purified Water ot Water for Injeetion, 
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3.3*7 DEIONIZED WATER 

Deionized Water can be produced by starting with eitlier Drinking Water or Purified Water, depending upon monograph or 
testlng procedures defined in the eompendia, Deionized Water is produced by an ion-exchange process in whrch the cations 
and anions are replaced with H+ and OH- ions by use of ion-exchange resins, Similar to Distilled Water, Deionized Water te 
used primarlly as a solvent for reagent preparation, but it is also specified in the execution of other aspects of tests, such as for 
transferring an analyte within a test procedurę, as a calibrstion standard or analytical blank, and for test apparatus clearing. 
Also, nonę of the cited uses of this water imply any needed purity attribute that can only be achieved by deionization, There- 
fore, water meeting the requirements for Purified Water thal is derived by other means of purification could be equally suitable 
where Deionized Water is specified. It is the usehs responstbility to verify the suitability of Purified Water 

3.3*8 DEIONIZED DISTILLED WATER 

DeionizedDistilled Wateris produced by deionizing (see Deionized Water) Distilled Water. This water is used as a reagent in a 
IEquid chromatography test that reguires a fow łonie or organie impurity level. Because of the importance of this high purity, 
water that meets the reguirements for Purified Water may not be acceptable. High-Purity Water (see 3.3.10 High-Purity Water) 
could be a reasonable altemative to this water. It is the user'5 responsibility to verify the suitability of the aiternative water 
used, 

3,3*9 FILTERED WATER 

Filtered Water is Purified Water that Kas been filtered to remove particles that could interfere with the analysis where this wa¬ 
ter is specified* it is sometimes used synonymously with Partide-Free Water and UltraTiftered Water and is cited in sorrte mon- 
ographs and generał chapters as well as in Reagents, tndicators , and Solutions. Depending on its referenced location in USP-NF, 
it is variousfy defined as water that has been passed through filters rated as 1.2, 0.2, or 0.22 pm, or unspecified porosity rating, 
Even though the water na mes and the filter ratings used to produce these waters are defined inconsistently, the use of 0,2-pm 
or 0.22-pm filtered Purified Water should be universally acceptable for all applications where Partide-Free Water, Filtered Water, 
or Ultra-Filtered Water are specified. 

3*3.10 HIGH-PURITY WATER 

High-Purity Water may be prepared by deionizing previously distilled water and then fittering it through a 0.45-jim rated 
membranę. This water must have an in-iine conductivity of NMT 0,15 pS/cm (NLT 6.67 Megohm-cm) at 25°. ff the water of 
this purity contacts the atmosphere even briefly as it is being used or drawn from its purification system, its conductivity wifl 
immediately inerease by as much as about 1.0 pS/cm as atmosphenc carbon dioxide dissolves in the water and equilibrates to 
hydrogen and brcarbonate ions. Therefore, if the analytical use requires that water conductivity remains as Iow as possible or 
the bicarbonate/carbon dioxide Jevels be as Iow as possible, Ihe water should be protected from almospherie exposure, High- 
Purity Water is used as a reagent, as a solvent for reagent preparation, and for test apparatus cleanlng where less stringent 
water specifications would not be considered acceptable. However, if a user's routinely avai!abie Purified Water is filtered and 
meets or exceeds the conductiwty specifications of High-Purity Water, it couEd be used in lleu of High-Purity Water. 

3.3*11 DEAE RATED WATER 

Deaeroted Water or "degassed water” is Purified Water that has been treated to reduce the eon tent of dissolved air by "suita¬ 
ble means" such as borling, sonicatkm, and/or stirnng during the appfication of a partial vacuum, followed by immediate use 
or protection from air reabsorption. 


3.3.12 OXYGEN-FREE WATER 

Oxygen-Free Water is Purified Water that has been treated to remove or reduce dissolved oxygen. Such treatment could in- 
volve deaerating by boiling or sparging with an inert gas such as nitmgen or helium, followed by inert gas blanketing to pre- 
vent oxygen reabsorption. Any procedurę used for removing oxygen should be verified as rełiably producing water that ts Fit 
for use. 


3,3J 3 WATER FOR BACTERIAL ENDOTOKINS TEST 

Water for Bacterial Bndotoxins Test (BET) is also referred to as Limulus Amebocyte Lysate (LAL) Reagent Water. This type of 
water is often Water for injection , which may have been sterilized, It is free from a level of endotoxin that would yield any de 
tectable reaction or interference with the LAL reagent used rn the BET (see (85)). 
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4. YALIDATSON AND QUALIF KATION OF WATER PURiFiCATION, STOR AG E, AND 

DISTRIBUTION SYSTEfWS 

4.1 Validation Requirement 

Establishing the rei iabi lity of pharmaceutical water purification, storage, and distribulion systems requires demonstrating 
contro! of the process through an appropriate period of monitoring and observation. Finished water is typicaily continuously 
produced and used, whlle product and process attributes may oniy be periodically assessed. The guatity of bulk finished water 
cannot be established by only testing monograph attributes. The unit operations In the pharmaceutical water system need to 
demonstrate that they are in contro! through monitoring of the process parameters and water guaiity. The advent of using 
conductivity and total organie carbon (TOC) to deflne Chemical purity allows the User to morę quantitatively assess the wateTs 
Chemical purity and Its yariablllty as a function of routlne treatment system maintenance and regeneration. Treatment process- 
es must also demonstrate contro! of microbial attributes withln the overalf system. Some unit operations that are needed for 
Chemical treatment may significantfy inerease microbial and bacterial endotoxin levels. These are later controlled by down- 
stream unit operations, Knowledge of the treatment system processes and the effectiveness of contro! measures i$ needed to 
ensure that the pharmaceutical waters are acceptable for use. 

Efflcacy of the design, operation, sanitization, and control of the pharmaceutical water system is demonstrated through the 
monitoring of Chemical and microbial attributes. A typical water system va!idation program involves an initial inereased fre- 
quency of monitoring of the treatment system process parameters and sampling and testing of major process points to dem¬ 
onstrate the abitity to produee the acceptable water and to characterize the operation of the system. This is followed by a llfe 
tycie approach of valldatlon maintenance and monitoring. 

4.2 Validation Approach 

Validation is the program of documenting, to a high level of assurance, that a specific process is capable of consistently de- 
!ivehng product conforming to an established set of guallty attributes. A vafidation program qualrfles and documents the de¬ 
sign, installation, operation, and performance of the system. A graphical representation of a typical water system validation lite 
cycle is shown in Figurę 3. 

The validatlon protocol should be based on the boundanes of the water system and the crittcal water guallty and process 
attributes needed to maintaln consistent performance. The system boundary may stop at the point of use or may indude the 
water transfer process. If the transfer process from the distribution system outlets to the water use locations (typicaily either 
witfi hoses or hard-plped equlpment connections) is defined as outside the water system boundary, then this transfer process 
still needs to be validated to not adversely affectthe guality of the water as it is delivered for use. Because routine guality con¬ 
tro! (QC) microbial monitoring is performed for the same transfer process and components (e.g., hoses and heat exchangers) 
as that of routine water use (see 6.T2 QC Sampling ), there is some logie to indude this water transfer process withln the distri¬ 
bution system validation, 

4.2.1 VA LID ATI ON ELEMENTS 

Vaiidation Is accompllshed through the use of a structured, documented process. The phases of this process indude Design 
Qualification (DQ), Installation Quallfication (IQ), Operaticnal Qualification (OQ), Performance Qualification (PQ), and Valida- 
tion Maintenance. The process is documented In a validation protocol. The elements may be in individuaf protocois for each 
phase, or integrated into vartations of a DQ/!Q/OQ/PQ combined document format. The protocois are formally approved 
guality documents. Factory Acceptance Testing (FAT), Site Acceptance Testing (5AT), and commissioning testing of the system 
may supplement qualification tests for IQ or OQ provided that they are properly documented and reviewed; and if it can be 
shown that the system functionality is not affected by the transport and installation. 
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System Actfyfcy 



Figurę 3. Water system validation life tycie. 


4*2*2 USER REQUIREMENTS SPECIFICATION AND DESIGN QUALlFICATION 

The user requirements for the water system should Identify the design, operation, maintenance, and quaiity efements nee- 
ded to produce the desired water type from the avaiJable souree water, including its antidpated attribute variability. The es- 
sentiai elemenfs of guallty need to be built in at this stage and any GMP risks mitigated to an acceptable leveL 
The review of the specifications, system design, components, functions, and operation should be performed to demonstrate 
that the system complies with GMPs and verify that the design meets the user requirements. This documented review may be 
performed as part of the overałl design process or as a separate DQ. 


4.2.3 K3 

An IQ protocof for a water system confirms that the system has been propedy installed and documented. This may include 
verification of components, piping, installation, and weld quality; documentation of the specifications for ałl system compo¬ 
nents present; inspections to verify that the drawings accurately depict the finał configuration of the water system and, where 
necessary, sperial tests to vedfy that the installation meets the design repuirements. AdditionaJly, the water system is readied 
for operational testing, including calibration of Instruments, configuration of alarm levels and adjustment of operating parame< 
ters (e.g., flow ratę, pressure). 

4.2.4 OQ 

The OQ phase consisting of tests and inspections to venfy that the eąuipment, system alerts, and Controls are operating 
reliably and that appropriate Alert and Action Levels are established (this phase of gualification may over!ap with aspects of IQ 
and PQ). During this phase of validation spedfic testing is performed for alarms, verifying contro! sequences, equipment func- 
tional checks, and verif kation of operating ranges. SOPs fo~ a FI aspects of water system operation, maintenance, water use, 
water sampling, and testing, etc, should be in place and operator training completed. At the completion of the OQ, the water 
system has demonstrated that the components are operational and the system is producing suilabie water. 


4.2,5 PQ 

The prospective PQ stage considers two aspects of the water system: critical process parameters and critical water attribute 
parameters. These are evaluated in parallel by monitoring tie water guality and demonstrating acceptable quality attributes 
while demonstrating controf of the process parameters (see 6.3 Validatbn Sompling P/ons), The initial PQ stage may result in 
refinement of process parameters to yield appropriate water qualky. This PQ stage includes an increased frequency of monitor¬ 
ing for approximatefy 2-4 weeks, or suffident time to generale adequate data to demonstrate that water meeting the appro- 
prrate quality attributes is produced and distrfbuted. One of the reasons for this duration is that biofilm, the source of plank¬ 
tonie organisms in water sam pies, takes time to develop and to determine if the sanitization unit operations and processes are 
adecjuate to control microbiat proliferation, The Chemical control program adequacy is typically apparent in less time than it 






































































USP40 


General Information / (1231) Water for Pharmaceutical Purposes 1865 


takes to see microbial control adeguacy. However, Chemical purification can be compromised by poor microbial controf and, 
to a lesser degree, viee versa. 

Once a level of contro] of microbial and Chemical attributes has been demonstrated, the next phase of PQ is to continue the 
freguency of monitoring for approximately 2-4 weeks at a somewhat reduced level that will stil! give adequate data on system 
performance while using the pharmaceutical water. The water may be used for manufacturing at risk, and the associated prod- 
ucts may be released only after water qua!ity attributes have been determined to be acceptable and this vaiidation phase has 
been completed. At the comp]etion of the second phase, the data should be formally reviewed and the system approved for 
operational use. 


43 Operational Use 

When the water system has been placed into operational use, monitoring of the water quality attributes and the system 
process parameters is performed at a routine freguency (see 6.4 Routine Sampling Plans) to ensure that they remain with a State 
of control during long-term variability from seasonal variations in source water guality, unit operation maintenance, system 
sanitization processes, and earlier-established Alert and Action Levels, 

The water system should continue to be monitored and evaluated on an on-going basis foliowing a life cycle approach using 
oniine Instruments or sampfes for laboratory-based testlng. The use of online Instruments and process automation technology, 
such as conductivity, TOC, temperaturę, flow ratę, and pressure can facilitate improved operational control of the attributes 
and parameters and for process release. Manuał observation of operating parameters and laboratory-based tesling is also ap- 
propriate and acceptable for monitoring and trend evaluation. 

4.3.1 MONITORING 

The freguency of routine monitoring should be based on the criticallty of the finished water, capabifities of the process, and 
ability to maintarn product water guality trends. Monitoring may be adjusted from the initial vafidation monitoring program 
when there is sufficient data to support a change (see 6.4 Routine Sampling Plans). 

4.3.2 YALIDATION MAINTENANCE 

Maintaining the validated State of control requ3res a life cy cle approach. After the completion of the PQ and release of the 
water system for use, ongoing activities and programs have to be fn place to mam tai n the validated State of controf after the 
system has been validated and placed In to service (see 5.4 Operation , Maintenance, and Control ). This inctudes unit operation, 
calibration, corrective maintenance, preventive maintenance, procedures, manuais and drawings, standardization of Instru¬ 
ments, process parameter and guality attribute trending, change control, deviations, corrective and preventive actions (CAPA), 
training, records retention, logbooks, etc. 

4.3.3 CHANGE CONTROL 

Identification and control of changes madę to unit operations and other system components, operation parameters, system 
sanitization, and laboratory processes or procedures need to be established. Not ali changes will reguire vafidation fol]ow up, 
but even minor ones, such as gasket elastomer changes couid have an impact on guality attributes. The impact of the change 
on process parameters and guality attributes must be identified, evaiuated and remedlated. This may result In a selective vali- 
dation activity to demonsfrate the ongoing State of contro for the system and ability to maintain water guality attributes. 

Certain calibration and preventive maintenance activities may be considered routine tasks if they do not impact on system 
operation or water quafity. Repfacement of components needs to be carefulJy evaluated. Replacement of components using 
exact parts generał ly does not affect system operation or contro!. Replacement of components with ones that have the similar 
functional specifications can be performed at risk with the critical specifications (e.g., materiał of construction, dimensions, 
flow ratę, response factors) having been evaluated and the differences determined to be acceptable and documented within 
the change control system. 

4.3.4 PERIODIC REVIEW 

The water system qualificatlon, maintenance history, calibration records, quality and process data, issues with the unit oper¬ 
ations and any process variability, change control, and other validation maintenance data should be assessed penodicaUy to 
determine impact on the State of control. 

The review may result in adjustments to operating or sanitization processes, calibration or maintenance plans, or monitoring 
pfans. This may also result in additlonaf testing or repeating certain gualification tasks (re-qualification). 
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5. DESIGN AND OPERATION OF PUMFIED WATER AND WATER FOR INJECTION SYSTEMS 

The design, installation, and operation of systems to produce Purified Water and Water for Injection include similar compo- 
nents, contro! tetbmąues, and procedures, The quality attributes of the two waters differ in their bioburden expectation, the 
presence of a bactenal endotoxin requirement for Water br Injection, and in their methods of preparation. The simUanties in 
the guality attributes provide considerable common ground in the design of water systems to meet either requirement. The 
cnticai difference is the degree of contro! of the system and the finał purification steps needed to ensure removal of bacteria 
and bacterial endotoxins and reductions in opportunities for biofilm re-development within those purification steps which 
could become in situ sources of bacteria and endotoxin in the finished water. 

Many aspects of system design and operation relate to contro! and efimination of biofilm. Unit operatfons can cause the 
deterioration of water microbtal attributes and the formation of biofilm on unit operation surfaces, even when properly main- 
tained (see 8,2, Biofilm Formation in Water Systems). 

Production of pharmaceutical water involves sequential unit operations {processing steps) that address specrfic water quallty 
attributes and protect the operation of subsequent treatment steps. A typical eva!uation process for selecting an appropriate 
water qua!ity for a particular pharmaceutical purpose is shown in the decision trees in Figurę 2a and Figurę 2h . This diagram 
may be used to assist in defining requirements for specific water uses and in the selection of unit operations. The finał unit 
operation used to produce Water for injection is limited to distillation or oLher processes equivatent or superior to distillation in 
the removal of Chemical impunties as well as microorganisms and their components, such as bacteria! endotoxins. Distillation 
coupled with suitable pretreatment technologies has a long history of generally reliable performance (though not completely 
infallibie) and can be validated as a unit operation for the production of Woter for Injection. Other combtnations of purification 
technologies may also be suitable in the production of Water for Injection tf they can be shown through validation to be as 
effective and reliable as distillation in the remova! of Chemicals and microorganisms. The development of new designs and ma- 
tertals of construction for other technologies (such as reverse osmosis, electrodeionization, and ultrafiltration) that allow inter- 
mittent or continuous operation at hot bactenddal conditions show promise for a valid use In producing Water for injection . 

5.1 Unit Operations Considerations 

To aohieve the qua!ity attributes for pharmaceutical waters, multiple-unit operations are reguired. The design of the water 
purification system needs to take into consideration different aspects, Encluding the source water qualrty, sanitization, pharma¬ 
ceutical water quality attributes, uses of the water, and maintenance programs. Each unit operation contributes specrfic purifi¬ 
cation attributes associated with Chemical and microbiological parameters. 

The foilowing is a brief description of selected unit operations and the design, installation, operation, maintenance, and 
monitoring parameter considerations associated with them. Not afl unit operations are discussed, nor are all potential short- 
comings addressed. 


5.1*1 PREFILTRATION 

The purpose of prefiltration—also referred to as initiaf, coarse, particulate, or depth filtration—is to remove solid eon tam i- 
nants from the Encoming source water suppły and protect downstream system components from particulates that can inhibit 
equ!pment performance and shorten their effective iife. This coarse filtration technology primarily uses sieving effects for parti¬ 
cie capture and a depth of filtration medium that has a high "dirt load" capadty. Such filtration units are available in a wide 
rangę of designs and for various applications. Removal efficiencies and capacities differ significantly, from granular bed filters 
such as multimedia or sand for larger water systems, to deoth cartridges for smaller water systems. Unit and system configura- 
tions vary widely in the type of filtering media and the location in the process. Granular or cartridge prefilters are often situ- 
ated at the beginning of the water purification system prior to unit operations designed to remove the source water disinfec- 
tants, Cartridge-type coarse filters may also be used to capture fines released from granular beds such as activated carbon and 
deionizatlon beds. These focations, however, do not preclude the need for periodic microbial evaluation. 

Design and operational issues that may impaet the performance of depth filters include ohanneling of the filtering media, 
hlockage from sift, microbial growth, and filtering-media foss durlng improper baekwashing, Controi methods invofve pressure 
and ffow monitoring durlng use and baekwashing, sanitizing, and replacing filtering media. An important design concern is 
sizing of the filter to prevent channeling or media loss resulting from inappropriate water flow rates as well as proper sizrng to 
mmimize excessively frequent or infreguent baekwashing or cartridge filter replacement. 

5.1.2 ACTfVATED CARBON 

Activated carbon beds, depending on the type and pfacement, are used to adsorb low-mofecular-weight organie materiał, 
bacteria! endotoxins, and oxidizing additives such as chforine and chloraminę compounds, removing them from the water. 
They are used to achieve certain guality attributes and to protect against reactions with downstream unit operations, stainless 
Steel surfaces, resins, and membranes. 
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The chief operating concerns regardmg activated carbon beds indude the propensity to support bacteria! growth, the po- 
tential for hydraulic channeling, the organie adsorptton capatity, and insuffictent contact time* Operation defidencies may re- 
suft Sn the release of bacteria, endotoxins, organie Chemicals, and fine carbon particles* 

Contro! measures may involve monitoring water flow rates and differential pressures, sanitizing with hot water or steam, 
baekwashing, testing for adsorption capacity, and frequent replacement of the carbon bed* Monitoring of carbon bed unit 
operation may also indude microbial loadrng, disinfectant Chemical reduction, and TOC if used for TOC reductron, The use of 
hot water or steam for carbon bed sanitization is ineffective if there is channeling rather than even permeation through the 
bed. Channeling can be mitigated through design and proper flow rates during sanitization* 

Microbial biofilm development on the surface of the granular carbon partides can cause adjacent bed granules to aggiomer- 
ate. This may result in ineffective removal of trapped debris and fragile biofilm during baekwashing, and ineffective sanitiza¬ 
tion* 

Altematwe technologies to activated carbon beds can be used to avoid thetr microbial challenge*. These indude disinfec- 
tant-neutralizing Chemical additives and intense ultraviolet (UV) light for removal of ohlorine, and regenerable organie scav- 
enging deionizing resins for removal of organics. 

5.1*3 ADDITIYES 

Chemical additives are used in water systems 1) to control microorganisms by use of sanitizing agents, such as chłonne 
compounds and ozone; 2) to enhance the removal of suspended solids by use of floceulating agents; 3) to remove chłonne 
compounds; 4) to avoid scaiing on reverse osmosis membranes; and 5) to adjust pH for morę effective removal of carbonate 
and ammonia compounds by reverse osmosis. These additrves do not constitute "added substances" as long as they are either 
removed by subseąuent processing steps or are otherwise absent from the finished water* Control of additives to ensure a con- 
tinuously effective concentration and subseguent monitoring to ensure their removal should be designed into the system and 
induded rn the monitoring program* 

5*1*4 ORGANIC SCAV£NGERS 

Organie scavengrng devices use macroreticular, weakly basie anion-exchange resins capable of removing negatively charged 
organie materia! and endotoxins from the water* Organie scavenger resins can be regenerated with appropriate biocidal eaus- 
tic brine Solutions. Operating concerns are associated with organie scavenging capaeity; partieulate, Chemical, and microbio- 
logical fouling of the reactive resin surface; flow ratę; regeneration freguency; and shedding of fines from the fragile resins* 
Control measures Indude TOC testing of infiuent and effluent, baekwashing, monitoring hydraulic performance, and using 
downstream fifters to remove resin fines. 


5.1*5 SOFTENERS 

Water softeners may be Iocated either upstream or downstream of disinfectant removal unlts, They utilize sodium-based cat- 
iomexchange resins to remove water-hardness ions, such as calcium and magnesium, that couid foul or interfere with the per¬ 
formance of downstream processing eguipment such as re^erse osmosis membranes, deionization devices, and distiljation 
units* Water softeners can also be used to remove other lower affinity cations, such as the ammonium ion, that may be re- 
leased from chloraminę disinfectants commonly used in drnking water, If ammonium removal is one of its purposes, the soft- 
ener must be Iocated downstream of the disinfectant removal operation* Water softener resin beds are regenerated with ton- 
centrated sodium ohforide solution (brine). 

Concerns indude microorganism prołiferation, channeling, appropriate water flow rates and contact time, ion-exchange ca- 
pacity, organie and particulate resin fouling, organie leaching from new resins, fracture of the resin beads, resin degradation 
by excessively chlorinated water, and contamination from the brine solution used for regeneration* 

Control measures involve recirculation of water during periods of Iow water use; periodic sanitization of the resin and brine 
system; use of microbial control devices (e*g*, UV light and chlorine); locating the unit upstream of the disinfectant removal 
step (if used only for softening); appropriate regeneration frequency; effiuent Chemical monitoring (e.g*, hardness ions and 
possibfy ammonium); and downstream filtration to remove resin fines. If a softener is used for ammonium removal from chlor- 
amme-containing source water, then the capaeity, contact time, resin surface fouling, pH, and regeneration freąuency are very 
important* 


5*1*6 DEIONIZATION 

Deionization (Dl) and continuous electrodeionization (CEDI) are effeetive methods of improving the Chemical quality attrib- 
utes of water by removlng cations and anions. Dl systems have charged resins that require periodic regeneration with an atid 
and base, Typlcally, callon resins are regenerated with either hydrochloric or sulfurtc acid, which replace the captured positive 
ions with hydrogen ions. Anion resins are regenerated with sodium hydroxide or potassium hydroxide, which replace captured 
negatlve ions with hydroxide ions. Because free endotoxin is negatively charged, some removai of endotoxin is achieved by 
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the anion resin, The system can be designed so that the cation and anion resins are in sępa ratę or "twin" beds, or they can be 
blended together to form a "mixed" bed. 

The CEDI system uses a combination of ion-exchange materials such as resins or grafted materiał, selectively permeable 
membranes, and an electric charge, providing continuous flow (of product and waste concentrate) and continuous regenera- 
tion. Water enters both the resin section and the waste (concentrate) section, The resin acts as a conductor, enabling the elec- 
tncal potential to drive the eaptured cations and anions through the resin and appropriate membranes for concentration and 
removal in the waste water stream. As the water passes through the resin, it is deionized to become product water. The efeetri- 
cal potential also separates the water in the resin (product) section into hydrogen and hydroxide lorts. This permits continuous 
regeneration of the resin without the need for regenerant additives. However, unlike conventional detonization, CEDI unrts 
must start with water that is aiready partially purified because they generał ły cannot achieve the conductivity attribute of Puri- 
fied Water when starting with the heavter ion load of source water. 

Concerns for all forms of Dl units include microbial and endotoxrn contro!; Chemical additive impact on resins and mem¬ 
branes; and loss, deg rada tion, and fouling of resin, tssues of concern specific to Dl units include regeneration freguency and 
completeness; channeling caused by biofilm agglomeration of resin particles; organie leaching from new resins; complete resin 
separation for mixed bed regeneration; and bed fluidizadon air contamination (mixed beds), 

Control measures may include continuous redrculation ioops, effluent microbial contro! by UV light, conductivity monitor¬ 
ing, resin testing, microporous filtration of bed fluldization afr, microbial monitoring, freguent regeneration to mimmize and 
control microorganism growth, sizing the eguipment for suitable water flow and contact time, and use of elevated tempera¬ 
tures, Intemal distributor and regeneration piping for Dl bed units should be configured to ensure that regeneration Chemicals 
contact atl intemal bed and piping surfaces and resins. 

Rechargeable canisters can be the source of contamination and should be carefully monitored, Fulf knowiedge of previous 
resin use, minimum storage time between regeneration and use, and appropriate sanitizing procedures are critical factors for 
ensuring proper performance, 

5*1 .7 REVERSE OSMOSIS 

Reverse osmosis (RO) units use semipermeable membranes, The "pores" of RO membranes are intersegmentaf spaces 
among the poiymer molecules. They are big enough for permeatton of water molecules, but they limit the passage of hydra- 
ted Chemical ions, organie compounds, and microorganisns. RO membranes can achieve Chemical, microbial, and endotoxin 
guality improvement Many factors, induding pH, temperaturę, source water hardness, permeate and reject flow ratę, and dif- 
ferential pressure across the membranę, affect the sefectivity and effectiveness of thfs permeation, The process streams consist 
of supply water, product water (permeate), and waste water (reject), Depending on the source water, pretreatment and sys¬ 
tem configuration variations and Chemical additives may be necessary to achieve the desired performance and reliability, For 
most source waters, a single stage of RO filtration is usualfy not enough to meet Purified Water conduetivity specifications. A 
second pass of this permeate water through another RO stage usually achieves the necessary permeate purity if other factors 
such as pH and temperaturę have been appropriately adjusted and the ammonia from source water that has been prevtously 
treated with chlorami nes is removed, 

Concerns assoctated with the design and operation of RO units include membranę materials that are sensitive to sanitizing 
agents and to particulate, Chemical, and microbial membranę foufing; membranę and seal integrity; and the passage of dis- 
solved gases, such as carbon dioxide and ammonia. Failure of membranę or seal integrity will result in product water contami¬ 
nation, Methods of control lnvolve suitable pretreatment of the infiuent water stream; appropriate membranę materia! selec- 
tion; membranę design and heat tolerance; periodic sanrtfzation; and monitoring of differential pressures, conductMty, micro¬ 
bial levels, and TOG. 

The deveJopment of RO units that can tolerate sanitizing water temperatures and also operate efficiently and continuously at 
elevated temperatures has added greatly to their microbial control ability and to the avoidance of biofouling. RO units can be 
used alone or in combination with Dl and CEDI units, as well as uitrafiltration, for operational and quality enhancements. 

5.1.8 ULTRAFUTRAT!ON 

Uitrafiltration is a technology that is often used near the end of a pharmaceutical water purificatlon system for removing 
endotoxins from a water stream though upstream uses are possible. Uitrafiltration can use semipermeable membranes, but 
unlike RO, these typically use polysulfone membranes with intersegmental "pores" that have been purposefully enlarged, 
Membranes with differing molecular weight "cutoffs" can be created to preferentially reject molecules with molecular weights 
above these ratings. 

Ceramic ultrafilters are another molecular sieving technology. Ceramic ultrafilters are seff-supporting and extreme!y durable; 
they can be baekwashed, chemically deaned, and steam sterilized. However, they may reguire higher operatrng pressures than 
do membrane-type ultrafilters. 

All uitrafiltration devices work primarily by a molecular sieving principle. Ultrafilters with molecular weight cutoff ratings in 
the rangę of 10,000-20,000 Da are typically used In water systems for removing endotoxins. This technology may be appro¬ 
pnate as an intermediate or finał purification step. As with RO, successful performance h dependent upon pretreatment of the 
water by upstream unit operations. 
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Issues of toncem for ultrafilters Enclude compatibility of membranę materiał with beat and sanltizing agents, membranę in¬ 
tegrity, fouling by particles and microorganisms, and seal integrity. Contro I measures involve fil ter membranę composition, 
sanitization, flow design (dead end vs. tangential), cartridge replacement, elevated feed water temperaturę, and monitoring 
TOC and differenttaf pressure. 


5,1.9 M1CROBIAL-RETENTIVE FILTRATION 

Microbiabretentive membranę fifters have a larger effective "porę size" than ultrafifters and are intended Lo prevent the pas- 
sagę of microorganisms and similarly sized particles without unduly restricting flow. This type of filtration Es widely employed 
within water systems for fiitering the bacteria out of both water and compressed gases as weEl as for vent filters on tanks and 
stills and other unit operations. 

In water systems, a filteris microbial retention characteristics exhibit different phenomena than in other aseptic filtration ap- 
plications. 

The foilowlng factors fnteract to create the retention phenomena for water system microorganisms: the variability in the 
rangę and average porę sizes created by the various membranę fabrication processes; the variability of the surface chemistry 
and three-dlmensional structure related to the different polymers used in these filter matrices; and the size and surface proper- 
ties of the microorganism Entended to be retained by the filters, The typicaf challenge organrsm for these filters, Brevundimonas 
diminuta, may not be the best challenge microorganism for demonstrating bacterial retention by 0.2- to 0.22-pm rated filters 
for use in water systems because this challenge microorganism appears to be morę easily retained by these filters than some 
other water system bacteria. In some siluations, the appearance of water system microorganisms on the downstream sides of 
some 0.2- to 0.22-pm rated filters after a relatively short period of use (days to weeks) seems to support the idea that some 
penetration phenomenon is at work. It is not known whether this downstream appearance is caused by a "pass-through" phe- 
nomenon resulting from tiny cells or less cdi "stickrness," or perhaps by a "grow through" phenomenon where cells hypothet- 
ically replicate their way through the pores to the downstream side. Whatever the penetration mechanism, 0,2- to 0.22-pm 
rated membranes may not be the best choice for some water system uses (see Sterilizotion and Sterility Assurance of Compendial 
Artidesi 1211)). 

Nevertheless, microbial retention success in water systems bas been reported with the use of filters rated as 0.2 or 0.1 Lim, 
There is generał agreement that, for a glven manufacturer, their 0.1-pm rated filters are tighter than their 0,2- to 0,22-j.im 
rated filters. However, comparably rated filters from different manufacturers may not have equivalent performance in water 
filtration appllcations because of the different filter materials, different fabrication processes, and nonstandardized microbial 
retention challenge processes currently used for defining the 0.1 -pm filter rating. It should be noted that filters with a 0.1-pm 
rating may resuft in a lower flow ratę compared to 0.2- to 0.22-pm filters, so whatever filters are chosen for a water system 
application, the user must verlfy that they are suitable for tneir intended application, use period, and use process, including 
flow ratę. 

For microbial retentive gas filtrations, the same sieving and adsorpttve retention phenomena are at work as in lfquid filtra¬ 
tion, but the adsorptive phenomenon is enhanced by additional electrostatic interactions between the particles and filter ma- 
trix, These electrostatic interactions are so strong, particie retention for a given filter rating is significantly morę effident in gas 
filtration than in water or producbsolutlon filtrations. These additional adsorptive interactions render filters rated at 0.2-0.22 
pm unquestionabIy suitabfe for microbial retentive gas filtrations. When microbial retentive filters are used in these applica¬ 
tion s, the membranę surface is typically hydrophobic (non-wettable by water). A significant area of concern for gas filtration is 
blockage of tank vents by condensed water vapor, whreh can cause mechanical damage to the tank. Contro! measures include 
electrica! or steam tracing and a self-dralning orientation of vent filter housings to prevent accumulation of vapor condensate. 
However, a contlnuously high filter temperaturę will take an oxidative tolf on polypropylene components of the filter, so sterili- 
zation of the unit prior to initial use, and periodically thereafter, as well as regular visual inspections, integrity tests, and filter 
cartridge changes are recommended eon troi methods. 

In water appllcations, microbial retentive filters may be used downstream of unit operations that tend to release microorgam 
isms or upstream of unit operations that are sensitive to microorganisms, Microbial retentive filters may also be used to filter 
water feeding the drstrrbutfon system. It should be noted that regulatory authorities allow the use of microbial retentive filters 
within distribution systems or even at use points if they have been properly vaiidateci and are appropriately marnfained. A 
point-of-use filter should only be intended to "poltsh" the microbial guality of an otherwise weli-maintained system and not to 
serve as the primary microbial control device. The efficacy of system microbial contro! measures can only be assessed by sam- 
pling the water upstream of the filters. As an added measure of protection, in-line UV lamps, appropriately sized for the flow 
ratę (see 5,3 Saniti zation), may be used just upstream of microbial retentive filters to rnactivate microorganisms prior to their 
capture by the filter. This tandem approach tends to greatly delay potential microbial penetration phenomena and can sub- 
stantially extend filter service life. 


5.1.10 ULTRAYIOLET LICHT 

The use of low-pressure UV lights that emit a 254-n m wavelength for microbial control is discussed in 53 Sanitization, but 
the application of UV (ight in Chemical purification is also emerging. This 254-nm wavelength is also useful in the destruction 
of ozone. At wavelengths around 185 nm (as wefl as at 254 nm), medium-pressure UV lights have demonstrated utility in the 
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destruction of the chlorine-contaming disinfectants used In source water as well as for interim stages of water pretreatment 
High intensities of 254 nm or in combination with other oxidizing sanitants, sueh as hydrogen peroxide, have been used to 
IowerTOC levels in recirculating distribution systems. The organics are typically converted to carbon dioxide, which eguili- 
brates to bicarbonate, and Incompletely oxidized carboxylic adds, both of which can easily be removed by polishing ion-ex- 
change resins, 

Areas of concern include inadequate UV intensity and residence time, graduai łoss of UV emissMty with bulb age, graduai 
formation of a UV-absorbing film at the water contact surface, incomplete photodegradation during unforeseen source water 
hyperchlorination, release of ammonia from chloraminę photodegradation, unapparent UV bulb faiiure, and conductivity deg- 
radation in distribution systems using 185-nm UV lights. 

Contro! measures include regular inspection or emissivity alarms to detect bulb faifures or fifm ocdusions, regular UV bulb 
sleeve cleaning and wiping, downstream chlorine detectors (when used for dechlorination), downstream polishing deionizers 
(when used forTOC reduction), and regular (approximately yearly) bulb replacement. UV lamps generate heat during opera¬ 
tion, which can cause failure of the lamps or increase the temperaturę of the water, Precautions should be in place to ensure 
that water flow is present to control excessive temperaturę increase. 

5.1.11 DISTILLATION 

Distillation units provide Chemical and microbial purification via thermal vaporization, mist elimination, and water vapor 
condensation. A variety of designs is avatlable, induding single effect, multiple effect, and vapor compression. The latter two 
configurations are normally used in larg er systems because of their generating capacity and efficiency. Source water Controls 
must provide for the removaf of hardness and silica impur ties that may fouf or corrode the heat transfer surfaces, as well as the 
removal of those impurities that could volatize and condense along with the water vapor. In spite of generał perceptions, even 
the best distillation process does not ensure absolute removal of contammating ions, organics, and endotoxins. Most stills are 
recognized as being able to accomplish at least a 3-4 log reduction in these impurity concentrations. They are hlghly effective 
3n sterilizing the feed water, 

Areas of concern include carry-over of vofatife organie impurities such as trihalomethanes (see 2, Source Water Cortsidera- 
tions) and gaseous impurities such as ammonia and carbon dioxide, faulty misi elimination, evaporator flooding, inadeguate 
blow down, stagnant water in condensers and evaporators, pump and compressor seal design, pinhole evaporator and con- 
denser leaks, and conductivity (guality) variations during start-up and operation. 

Methods of control may tnvolve the following: preliminary steps to remove both drssolved carbon dioxide and other volatile 
or noncondensable impurities; reliable mist elimination to minimize feed water droplet entrainment; visual or automated high- 
water-level indication to detect boiler flooding and boil over; use of sanitary pumps and compressors to minimize microbial 
and lubricant contamination of feed water and condensate; proper drainage during mactive periods to minimize microbial 
growth and accumulation of associated endotoxin in boiler water; blow down control to limit the impurity concentration ef- 
fect in the boiler to manageabie leyels; on-lme eonductivit/ sensing with automated diversion to waste to prevent unaccepta- 
ble water upon still startup or stlll malfunction from getting into the finished water distribution system; and periodic testing for 
pinhole leaks to routinely ensure that condensate is not compromised by nonvolatized source water conlaminants. 

5.1.12 STORAGE TANKS 

Storage tanks are Included in water distribution systems to optimize processing eguipment capacity. Storage aiso allows for 
routine maintenance within the purification system while mainlaining continuous supply to meet manufacturing needs. De¬ 
sign and operation considerations are needed to prevent or minimize the deveiopment of blofilm, to minimize corrosion, to 
aid in the use of Chemical sanitization of the tanks, and to safeguard mechanical integrity, 

Areas of concern include microbial growth or corrosion due to irregufar or incomplete sanitization and microbial contamina¬ 
tion from unalarmed mpture disk failures caused by condensate-occluded ventfilters, 

Control considerations may include using dosed tanks with smooth interiors, the ability to spray the tank headspace using 
sprayballs on recirculating loop returns, and the use of heated, jacketed/insulated tanks, This minimizes corrosion and biofilm 
developmenl and aids in thermal or Chemical sanitization, Storage tanks regulre venting to compensate for the dynamics of 
changing water ieve!s. This can be accomplished with a properly oriented and heat-traced filter housing fitted with a hydro- 
phobic microbial retentive membranę filter affixed to an atmospheric vent Alternatively, an automatic membrane-filtered 
compressed gas blanketing system may be used, In both cases, mpture disks eąuipped with a rupture alarm device should be 
used as a further safeguard for the mechanical integrity of the tank, 

5.1.13 DISmiBimON SYSTEMS 

Distribution system configuration should allow for the continuous flow of water in the piping by means of recirculation. Use 
of no recirculating, dead-end, or one-way systems or system segments should be avoided whenever possible. If not possibie, 
these systems should be flushed periodically and monitored morę dosely. Experience has shown that continuousfy recirculated 
systems are easier to maintain. Pumps should be designed to deliver fuJIy turbulent flow conditions to facilitate thorough heat 
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distribution (for hot-water sanltized systems) as well as thorough Chemical sanitant distribution, Turbulent flow also appears to 
either retard the development of biofflms or reduce the tendency of those biofilms to shed bacteria into the water. If redun- 
dant components, such as pumps or fiiters, are used, they should be configu red and used to avoid microbial contamination of 
the system. 

Camponents and distribution lines should be sloped and fitted with drain points so that the system can be completely 
drained. In distribution systems, dead legs and low-flow conditions should be avoided, and valved tie-in points should have 
length-to-diameter ratćos of six or less. In systems that ope^ate at self-sanftizing temperatures, precautions should be taken to 
avoid cool points where biofilm development couid occur, If drainage of components or distribution lines is intended as a mi¬ 
crobial contro) strategy, they should also be configu red to be dried completely using dry compressed gas because drained but 
still moist surfaces will still support microbial pro litera tion, Water exiting from the distribution system should not be returned 
to the system without first passing through atl ora portion of the purification system. 

The distribution design should include the placement of sampling valves in the storage tank and at other locations, such as 
in the return linę of the recirculating water system. Direct connections to processes or auxiliary eąuipment should be designed 
to prevent reverse flow into the controlled water system. Hoses and heat exchangers that are attached to points of use to de* 
liver water must not chemically or microbiologically degracfe the water quality. The distribution system should permit sanitiza* 
tion for microorganism contro). The system may be continuously operated at sanitizing conditions or sanitlzed periodically. 

5.1.14 NOVEL/EMERGING TECHNOLOGIES 

New water treatment technologies are being developed continuously. Before these technologies are utilized in pharmaceuti- 
cal water systems, they should be evaluated for acceptable use in a GMP environment. Other considerations should include 
the treatment process, reliabtlity and robustness, use of added substances, materials of construction, and ability to validate. 
Consideration should be given to recognize the areas of concem during the evaluation and to identify control measures for the 
technofogy. This should include impact on Chemical and microbial attributes. 

5.2 Installation, Materials of Construction, and Component Selection 

Installation techniques are im porta nt because they can affect the mechanical, corrosive, and sanitary integrity of the system. 
Valve installation should promote gravity drainage. Pipę supports should provide appropriate slopes for drainage and should 
be designed to support the pi ping adequately under worst-case thermal and flow conditions. The methods of connecting sys¬ 
tem component 5 “including units of operation, tanks, and distribution piplng—reguire careful altention to preclu de potentiaJ 
operational and microbial problems, 

Stainiess Steel welds should provide reliable joints that are internally smooth and corrosion-free. Low-carbon stainless Steel, 
compatible wire filier where necessary, inert gas, automatic welding machines, and regular inspection and documentation 
help to ensure acceptable weld quality* Follow-up deaning and passivation of metal surfaces after installation are important for 
removing contamination and corrosion products and to re-establish the passive corrosion-resistant siirface. 

Plastic materials can be fused (welded) In some cases, and also require smooth, uniform Interna! surfaces. Adhesive glues 
and solvents should be avośded due to the potentiaf for voids and organie eKtractables. Mechanical methods of joining, such 
as flange fittings, reguire care to avotd the creation of offsets, gaps, penetrations, and voids. Use of plastic materials may con- 
tribute to TOC !evel$. 

Control measures include good alignment, properly sized gaskets, appropriate spacing, uniform sealing force, and the 
avoidance of threaded fittings. 

Materials of construction should be selected to be compatible with control measures such as sanitizing, deaning, or passiva- 
tion. Temperaturę rating is a critical factor in choosing appropriate materials because surfaces may be required to handle ele- 
vated operating and sanitization temperatures. If Chemicals or additives will be used to clean, pa$sivate, or sanitize the system, 
materials resistant to these Chemicals or additives must be utilized. Materials should be capable of handfing turbulent flow and 
elevated velocities without erosion of the corrosion-resistant film (such as the passive chromium oxide surface of stainless Steel) 
or reduction in wali thickness for plastics. The finish on metallic materials such as stainless steel, whether it is a refined mili 
finish, polished to a spedfic grit, or an electropolished treatment, should complement the system design and provide satisfac- 
tory corrosion and microbial activity resistance. The finish should also be a materia! that can be chemically sanitlzed. Auxjliary 
eguipment and fittings that requtre seals, gaskets, diaphragms, filter media, and membranes should exclude materials that per¬ 
mit the possibility of extractabfes, shedding, and microbial actrv)ty. Insulating materials exposed to stainless steel surfaces 
should be free of chlorides to avoid the phenomenon of stress corrosion cracking that can lead to system contamination and 
the destruction of tanks and critical system components. 

Spedftcations are important to ensure proper selection of materials and to serve as a reference for system qualification and 
maintenance. Information such as the manufactureris metallurgical reports for stainless steel and reports of composition, rat- 
ings, and material-handling capabilities for nonmetallic substances should be reviewed for suitability and retained for refer¬ 
ence. Component (auxiliary equipment) selection should be madę with assurance that łt does not create a source of contami¬ 
nation intrusion. Heat exchangers should be constructed to prevent leakage of heat transfer medium into the pharmaceutical 
water and, for heat exchanger designs where preyenlion may fali, there should be a means to detect leakage. Pumps should 
be of sanitary design with seals that prevent contamination of the water. Valves should have smooth internal surfaces with the 
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seat and dosing device exposed to the flushing action of water, such as occurs in diaphragm va1ves. Valves wfth pocket areas 
or dosing devices (e.g., ba!!, pług, gate, globe) that move into and out of the flow area should be avoided. 

5.3 Sanitization 

Microbia! contro] in water systems is achieved pnmarily through sanitization practices, Systems can be sanitized using either 
therma! or (photo-)chemical means. 

5.3,1 THERMAL SANITIZATION 

Thermaf approaches to system sanitization include periodrc or continuousiy circulating hot water and the use of steam. Tem- 
peratures of 65 “-SO 0 are most commonly used for thermat sanitization. Continuousiy recirculating water of at least 65° at the 
coldest location in the distribution system has also been used effectively in stainless Steel distribution systems when attention is 
paid to uniformity and distribution of such se]f-sanitizing temperatures. These techniques are limited to systems that are com- 
patible with the higher temperatures needed to achieve sanitization. Frequent use of thermaJ sanitization at appropriate term 
peratures should eliminate the need for other sanitization methods. 

The use of thermal methods at temperatures above 80° is contra i ndicated because it does not add to microbial contro! of 
the system or reduction of biofilm. Some methods (e.g v steam sanitizing, hot water drcuJation at temperatures >100°) can be 
less effeetive or even destructive because of the need to eliminate condensate or manipulate system tomponents, stress mate- 
rials of construction, deform fElters, and its adverse impact on instrumentation. 

Although thermal methods control biofilm development by either continuousiy inhibiting its growth or, in intermittent ap- 
plications, by killing the microorganisms within deve[oping biofilms, they are not effectwe in removing established biofilms. 
Killed but intact biofilms can become a nutrient source for rapid biofilm regrowth after the sanitizing conditions are removed 
or halted. In cases of infrequent thermal sanitizations thatallow biofilm development between treatments, a combination of 
routine thermal treatment and periodic suppiementation with Chemical sanitization may be morę effectlve. The morę frequent 
the thermal sanitization, the morę likely it is that biofiim re-deveIopment can be eliminated. 

5.3.2 CHEMICAL SANITIZATION 

Chemical methods, where compatible, can be used on a wider vanety of construction materials. These methods typically use 
oxidizing agents such as ozone, hydrogen peroxide, peracetic acid, or combinations thereof. Halogenated compounds can be 
effective sanitizers but are less aggressNe oxidizing agents and may be drffjcult to flush from the system, Chemical agents may 
not penetrate the fult biofilm matrix or extend into all biofilm locations (such as crevices at gasketed fittings) and may leave 
biofilms incompletely inactivated. Compounds such as ozone, hydrogen peroxide, and peracetic acid oxidize bacteria and bio- 
films with reactrve peroxides and by forming very reactivefree raditals (notably hydroxyl radrcals). The short half-life of ozone 
in particular, and its limitation on achieyable concentrations, require that it be added continuousiy during the sanitization 
process. Hydrogen peroxide and ozone rapidly degrade to water and/or oxygen, and peracetic acid degrades to oxygen and 
acetic add. The ease of degradatron of ozone to oxygen using 254-nm UV lights in circulating loops allows it to be used effec- 
tively on a continuousiy sanitizing basis in holding tanks and on an intermittent basis (e.g., daily or weekiy) in the distribution 
loops. The highly reactive naturę of ozone reguires the use of system materials and components that are even morę oxidation 
resistant than those typically used with the other oxidizing agents. 

It is important to notę that microorganisms in a weil-devdoped biofiim can be extremely difficult to kill, even by using ag- 
gressive oxidizing Chemicals. The less developed and therefore thinner the biofiim, the morę effective the biofilm inactivation. 
Therefore, optimal microbial control is achieved by using oxidizing Chemicals at a frequency that does not permit significant 
biofiim development between treatments. 

Validatron of Chemical sanitization requires demonstration of adeguate Chemical concentrations throughout the system, ex- 
posure to atl wetted surfaces including the body of use point valves, and complete remova3 of the sanitant from the system at 
the completlon of treatment, Methods validation for the detection and guantlfication of residues of the sanitant or its objec- 
fionable degradants is an essential part of the validation program. 

5.3.3 UV SANITIZATION 

In-line UV Ifght at a wavelength of 254 nm can also be used to continuousiy "sanitize" onty the water circulating in the sys¬ 
tem, but these devices must be pro perły sized for the water flow. Such devices inactivate a high percentage (but not 1 00%) of 
microorganisms that flow through the device but cannot be used to directly control existing biofilm upstream or downstream 
of the device, However, when coupled with corwentional thermal or Chemical sanitization technologies or located immediatefy 
upstream of a microbia lly retentive fil ter, UV light is most effective and can prolong the intervaf between needed system re- 
sanitizations. 
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5.3,4 SANITIZATION PROCEDURES 

Sanitization steps require validation to demonstrate the ability to reduce and hołd microbiaf contamination at acceptable 
Ievels. Validation of thermal methods should include a heat distribution study to demonstrate that sanitization temperatures 
are achieved throughout the system, induding the body of use point valves; sampling ports; instrument side branches; and 
fittings, couplings, and adapters, relying on water convection and thermal conductron through system materials for heat trans¬ 
fer to wetted surfaces, 

The routine frequency of sanitization should be supported by the results of system microbial monitoring, Conclusions de- 
rived from trend analysis of the mierobtologtcal data should be used as the alert mechanism for the need for extraordinary 
maintenance. The routine frequency of sanitization should be established in such a way that the system operates in a State of 
microbiological eon troi and does not regufarly exceed Alert and Action Levels (see 9,4 Defining Alert and Action Levels and Spec- 
ificotions ). 


5.4 Operation, Maintenance, and Control 

A preventive maintenance program should be established to ensure that the water system remains in a State of control. The 
program should include 1) procedures for operating the system, 2) monitoring programs for critical guality attributes and op¬ 
erating conditions induding calibration of critical instrumeits, 3) Schedule for periodic sanitization, 4) preventive maintenance 
of components, and 5) control of changes to the mechanical system and to opera ting conditions, 

5.4.1 OPERATING PROCEDURES 

Operating procedures for the water system and for performing routine maintenance and corrective action should be written, 
and they should also define the point when action is reguired. The procedures should be well documented, and should detali 
the function of each job, assign who is responsible for performing the work, describe how the job is to be done, and Identffy 
acceptable operating parameters, The effectivene$s of these procedures should be assessed during water system validation. 

5.4,2 PROCESS MONITORING PROGRAM 

A process-monrtoring program should establish the critical guality attributes and operating parameters that are documented 
and monitored. The program may include a combination of in-line sensors and/or automated instruments (e.g,, for tempera¬ 
turę, TOC conductivity, hardness, and chłonne), automated or manuał documentation of operational parameters (such as flow 
rates or pressure drop across a carbon bed, fil ter, or RO unit), and laboratory tests (e.g., total microbial counts). The freguency 
of sampltng, the requirement for evaluating test results, and the necessrty of initiating corrective action should be included, 

5.4.3 ROUTINE MICROBIAL CONTROL 

Sanitization may be integral to operation and maintenance, and necessary on a routine basis, depending on system design 
and the selected units of operation, to maintain the system in a state of microbial control. Technologies for sanitization are 
desenbed above in morę detali in 5.3 Sanitization. 

5,4.4 PR£VENTIVE MAINTENANCE 

A preventive maintenance program should be in effect. The program should establish what preventive maintenance is to be 
performed, the freguency of maintenance work, and how the work should be documented. 

5.4.5 CHANGE CONTROL 

The mechanical configuration, operating conditions, and maintenance activities of the water system most be controlled. 
Proposed changes should be eva!uated for their impact on the whole system. The need to reguatify the system after changes 
are madę should be determined. After a dedston is madę to modlfy a water system, the affected drawings, manuals, and pro¬ 
cedures should be revised, Portions or operations of the water system that are affected by the modification should be tested to 
demonstrate a continued state of controL The extent and duration of testing should be rdated to the risk impact of the 
change to the system. 


6, SAMPLING 

The testing of water samples from a water system is critical to the ongoing control of the system and assessment of the 
guality of the water belng used. If improperly collected, a sam ple could yidd a test result that is unrepresentatfve of the sam- 
plds purpose. This could lead to inaction when remediation is needed or to unnecessary remediation when nonę is necessary. 
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It could also lead to misinterpretations of produtt rmpact Therefore, properly colletting water sampies, understanding their 
purpose, and establrshing appropnate water system sampling plans are essential to water quality contro! and system contro!. 

6.1 Purposes and Procedures 

To assess a particular water ąuality attribute, a sample of the water usually must be removed from a water system for specific 
ąuality attribute testing. This sample may be analyzed by in-line/on-Nrie instruments or it may be completely removed from 
the system as a "grab sample" tn a Container for off-line testing, ln-line/on-!ine testing avoids the exogenous contammation 
potential of grab sampies that could lead to artifactuaNy vanable data trends and incorrect decisions on system performance, 
maintenance, and utilized water ąuality, as well as initrating fruitless causative investigations. However, rn4ine/on-line testing 
may not be suitable for the purpose of the resulting data, making the off-line testing of grab sampies the only suitable ap- 
proach. 

The data from water testing are generałly used for one of two purposes: for process contro! (PC) of the water purification 
and distribution system or for QC of the water being drawn from the system for some a ppl kation or use. In many cases, de- 
pending on the sampling location and sampling process, the resulting data can be used for both PC and QC purposes. 

6.1.1 PC SAMPLING 

Because PC sampling is intended to reflect the ąuality of Ehe water behind the valve and within the distribution system, 
coming from the purification system, or between its purification steps, efforts should be madę to avoid contaminating the wa¬ 
ter as it drawn from the system so that Its test results accurately reflect the water ąuality within the system at that location. 

This may reąuire the use of strategicafly located sampling oorts, En addition to points of use. 

If mkrobial testing is needed for PC purposes, the sampling valve should have a properly installed, sanitary design that uses 
vigorous pre-samplmg flushing. This flushing shears off fragile biofilm structures growing on surfaces within the valve and wa¬ 
ter path before the sample is collected. This avoids biasing the mkrobial count of perhaps pristine water in the system behind 
that valve. A fully open valve flush (at >8 ft/s velocity within the vafve and connector) for at least 30 s typically provides suffi- 
cient shear forces to adeąuatefy remove any fragile biofilm structures. Addittonal control measures for preventtng sample con- 
tamination could aiso include stringent pre- and post-sampling outlet sanitation, the use of steriie hoses and gaskets or other 
connectors to direct the water flow, and other measures. 

The data from PC sampling indicate how well the system is maintaining the water ąuality at that sampling location. These 
data are subseąuently used to signal when some extraordinary rntervention might be needed, in addition to norma! mainte- 
nance and system sanitization operations, to restore the system to the expected level of purtfy. 

PC sampling can only be used to indicate the ąuality of the water being delivered to the points of use (for QC purposes) if it 
has been shown to be representative of that point-of-use quality. This may be possible with Chemical attributes which are typi¬ 
cally not affected by the fluid path of the water ddivery process, but is generally not possible with mkrobial attributes, which 
can be greatly affected by localized biofilms along that fluid path. If this fluid path is not utilized for PC sampling, then the 
resulting data typically cannot be used for QC purposes, 

6.1.2 QC SAMPLING 

QC sampling is intended to reflect the ąuality of water that is being used. These sampies should be collected at the true 
point of use, that is, where the water is defivered for use, rot where it leaves the water system. QĆ sampling must utilize that 
same delivery path and components utilized for a water transfer during actual water use, This includes the same valves, hoses, 
heat exohangers, ftow totalizers, hard-piped connections, and other components utilized during water use. 

In addition to the water transfer components, QC sampling must also use the same water transfer process employed during 
water use, induding the same pre-use outlet and de!ivery path flushing procedurę and the same outlet, fitting, and hose sani¬ 
tization practices employed during actual water use. The water delivery process and components used for QC sampling must 
be identical to manufacturing practices at every system outlet for the QC sample to mimie the ąuality of water being used by 
accumulatmg the same Chemical and mkrobial contaminant levels it would during actual use from that outlet location, 

Where permanent connections from the water system to eąuipment are present, accommodation should be madę rn the 
design to collect sampies from locations as close to the eąuipment as possible. For example, sampies can be collected from 
specjał sample ports or other valves near the eąuipment connection that altów the collected water sample to accurately reflect 
the water ąuality that ts used. Where the water transfer conduit is designed and/or definitfvely treated to eliminate alj contami¬ 
nating influences prior to water transfer through that conouit, PC sampling locations within the distribution system can reflect 
the ąuality of the water that ts actually used for QC purposes at those permanent connections. However, the success of the 
design and treatments intended to eliminate these contaminating influences must be verified, This is typically done during wa¬ 
ter system val[dation. 

Where routine water use practices involve contamination-prone activities, such as no pre-use flushing or poor hose storage/ 
sanitization/repfacement practices, these water use practices should be improved to reduce the potential for delivering conta- 
minated water from the water system and for unacceptable QC sample testing results that reflect that same contamination. 
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6.2 Attributes and Sampling Locations 

The tests being performed on the samples are relevant to the sampling location and purpose of the sam ple. fn-process mon¬ 
itoring of nonmonograph attributes may be indicated for specifjc unit operations. For instance, before and after a softener, it 
may be important to determine water hardness to verify softener efficacy. Before and after an activated carbon bed/filter, it 
may be important to verify chlorine or TOC removal and/or reductson or test foran increase in microbial count. Before a distil- 
tation unit, it may be important to quantitate the incoming bacterial endotoxin levei to ensure that the still ts not being over- 
chalienged beyond its typkaI 3—4 log purification capability. Howeyer, once the water is in the distribution system, the com- 
pendlaf attributes of importance typically include at least conductivity, TOC, and microbial count. In Water for Injection Sys¬ 
tems and other systems or system locations where bacterial endotoxin control is important, endotoxin is also assayed. Other 
tests may be necessary depending on the intended uses of the water. 

6.2.1 CHEMICAL ATTRIBUTES 

Dissolved Chemical contaminants detected by conductivty or TOC tesling tend to be uniformly distributed in the water 
throughout the water system. Howeyer, there are exceptions where locaiized Chemical contaminaLion sources can occur, such 
as from a coolant-leaking heat exchanger in a sub-loop, orat a point of use, or within a dead leg. These Chemical contami¬ 
nants may only be seen at the associated outlets and not systemically. However, in the absence of locaiized contaminatkm 
influences, Chemical aUributes are candidates for on-line testing at fixed strategie locations within the distribution system, such 
as near a circulating loop return, and are generałly reflective of the same Chemical quality at all locations and points of use 
within the distribution system. Nevertheless, the suitability of the on-line locations of these Instruments for QC release purpo¬ 
ses must be yerified as being representative of the use-point water guality. This is usually done during water system yalidation. 

6.2.2 MICROBIAL ATTRIBUTES 

The same uniformity scenario cannot be assurned for microbial attributes. Planktonie organisms in a water sample could 
have originated from biofilms in the purification or distribution systems releaslng morę or less uniform levels of planktonie or¬ 
ganisms into the circulating water, as detectabie in samples from all outlets. Howeyer, a local biofilm deyeloping within a wa¬ 
ter delivery conduit (such as a use-point outlet valve and transfer hose) in an otherwise pristine biofilm-free water system could 
release planktonie organisms detectabie only in water delivered through that conduit. Therefore, QC release samples for as- 
sessing the quaiity of water that is delivered by the system during water use must be coJlected after the water has traversed the 
same fluid conduit (inciuding the same preparatory activities such as outlet sanitization and preTlushing) from the water distri- 
bution system to the specific locations where the water is used. 

On-linę microbial water sampling/testing has value in pharmaceutical water systems only for PC purposes uniess the water is 
taken from the point of use in the same manner as routine water usage, in which case the data can also have a QC release 
purpose. Microbial counts detected from strategie sampling ports continue to have PC and investigational value, but generally 
cannot be substltuted for QC release testing except in certain scenarios, as desenbed in ó.l .2 QC Sampling. 

63 Validation Sampling Plans 

The initial sampling pian for a pharmaceutical water system is usually devefoped for a yalidation program (see 4. yalidation 
and Quafification of Water Purification f Storage, and Distribution Systems ). This strategy is for characterization of the system's 
ability to purify, distribute, and deliyer pharmaceutical water. Typically, the Initial yalidation sampling is for a short duralion 
(e.g„ at least 2-4 weeks) at a high sampling freguency to generate a significant body of data that will allow detection of short- 
term or locaiized Chemical or microbial guality deyiations from all outlets. These data proyide an initial assessment of system 
performance to guide decisions about using the water for operational purposes. 

The initial yalidation sampling plan is re-evaluated when the pharmaceutical water is placed into operation, typically to re¬ 
dutę the amount of data being generated while not compromising the ability to identify anomalous operations/eyents, espe- 
cialiy during the early life cycle of the water system. In the absence of such guality deyiations during the initial sampling peri¬ 
od, the sampling freguency can be lessened for a period of time (e.g., at least 2-4 additionai weeks) to ensure that somewhat 
longer-term adverse quality trends are not apparent. During this second period of time, the water may be constdered for ab 
risk routine use, pending the acceptable completion of the second yalidation sampling period. After successful completion, 
monitoring can eventually be lessened again to what will become the routine sampling plan. 

Periodic review of the water system operation and monitoring needs to be performed to assess seasonal source water varia- 
bility, effectiyeness of sanitization, and routine maintenanceeyents. Periodic review should be performed during the complete 
life cycie of the water system, typically annually, for evidence of longenterm data trends and guality deyiations. 

The routine sampling pfan should be re-evaluated penodically based on the avaiiable data to determine the appropriate fre- 
guency and sample locations. This review offers an opportunity to improve data eyaluation and reduce workloads based on 
what that data indicate relatiye to process and guaiity control. The routine sampling plan should have a rationale for the fre- 
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quency and locations that are selected to justify how tKe resultmg data wilf be used to characterize the overali operation of the 
system and the release of the water for use, 

6A Routine Sampling Plans 

6,4,1 SOURCE WATER SAMPLING 

As mentioned in earlier sections, the source water for pharmaceutical water systems must comply with the standards for one 
of the Drinking Waters listed in the associated compendial water monograph or in General Notices . When a mu nici pal i ty or 
other water authority is providing this Drinking Water, they are required to comply with the local Drinking Water Regulations 
for the water supplied to a drinking or potable water distribution piping grid for that region, The ąuality of that water by the 
time it reaches the pharmaceutical user is dependent on a number of factors including distance from the input source, dura- 
tion of travel within the piping, and condition of the piping in that potable water distribution grid, any of which could have 
adversely affected some of its initial Chemical and/or microbial attributes. Based on a risk assessment, it may be prudent to 
verify fuJI compliance with regulations using water collected from sample ports prior to the pretreatment system, or other 
equivalent Drinking Water outfets within the fadlity. If the water complies, then continued assurance of compliance could be 
verified using Drinking Water Regulation test results provided by the water authority or by periodic retesting of selected or afl 
the Drinking Water attributes by the user or by both the user and the water authority, If private sourced water is utilized, it is 
the useris responsibility to demonstrate ful! Drinking Water regulation compliance, using water sam pies from such sampling 
ports on a periodic basis as determined by a risk analysis, 

These pre-pretreatment sampling ports could, at the useris discretion, be used to periodically monitor other source water 
attributes that could affect spedfie pretreatment or purification unit operations. Depending on the useris source water quality 
consistency and a risk assessment of its potential impact on the purification process, the periodically monitored attributes 
could include microbial count, absence of coliforms, bacterial endotoxin levels, conductivity, TOC, pH, hardness, chłonne, sili- 
ca, turbidity orsilt density index, and others. These data could be useful in investigations and for operational adjustments to 
critical unit operation parameters and maintenance procedures, or for feedback to the potable water provider if unusuaf trends 
are observed, 

6,4.2 PRETREATMENT AND PURIFICATION SYSTEM SAMPLING 

The location and frequency of sampling from ports wrthin the pretreatment and purification Systems may be selected based 
on a risk analysis of unit operation purpose. The purpose of this sampling is primarily for PC, for example, to ensure mamte- 
nance of acceptabie unit operation performance, to assess maintenance procedurę efficacy, and to investigate the need for 
remedial action. Quality deviations in the early portions of the purification process can affect unit operation efficiency but usu- 
ally do not impact the finished water guality or acceptabie use. 

6,4.3 PURiFIED WATER DISTRIBUTION SYSTEM SAMPLfNC 

Purified Water distribution system sampling is intended to provide continuing assurance of ongoing PC and compliance with 
the useris finished water Chemical and microbiological requirements. Generally, the locations for that sampling and the fre- 
quency of testing the specifk attributes are a matter of process and quality control consistency, as welł as risk tolerance in the 
event of a deviation. 

Depending on the water system design, the Chemical attributes of a water system tend to be relatively constant and morę 
uniformly distributed than the microbiological attributes. Therefore, less frequent sampling at only selected locations could be 
justlfied for Chemical testing based on familiarity with system design and the exrstence of historically consistent operational 
data. However, with some purification system designs, the Chemical guality could change dramaticalfy in a short period of 
time (such as from the exhaustion of deionization beds), so frequent or even continuous in-line/on-line monitoring of the 
Chemical attributes would be advisable to be able to recognize and correct the ca use of the problem before non-complrant 
water is produced and used. 

For microbial testing, a!! use points and critica] sample ports in a distribution system are typically sampled routinely, includ¬ 
ing those that are infrequently used by manufacturing. There is no prescribed sampling frequency for Purified Water system 
outlets, so typical outJet sampling freguencies vary from daily to monthly, with sampling occurring somewhere in the system 
at least at weekiy intervafs. 

A risk analysis is suggested for determining the sampling plan for a Purified Water system, Factors in this analysis could in¬ 
clude (but are not limited to) the test result history for the entire water system as well as specific outlets, the criticality of spe- 
cifio outlets to manufacturing, the usefulness of selected sample ports as indicators of ongoing system control, and the scope 
of impact on products and activities should an unfavorable test result occur. For the scope of impact, the less frequent the 
sampling, the morę products and processes will be impaeted by an unfavorable test result. 
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6.4,4 WATER FOR INJECTION DfSTRIBUTION SYSTEM SAMPUNG 

The sampling plans for Water for Injection distribution Systems (as wel) as any water system where some leve! af bacterial 
endotoxrn contro! is needed) utilize the same generał sampling approaches as do Purified Water systems. However, the regula¬ 
tory expectations for Water for Injection distribution system sampling plans are morę prescriptrve because microbial contro! 
must be much morę stringent as it is related to the bacterial endotoxin attribute. In generał, water sampling for microbial and 
bacterial endotoxin testing is expected to oecur daily somewhere in the system, with each outlet being sampled periodically, 
based on a risk assessment, to characterize the guality of the water. 

6,5 Non-Routine Sampling 

Non-routine sampling can also be performed on the water system for episodic events or reasons for which the routine sam¬ 
pling plans are msufficient to capture the needed Information. Examples indude change control purposes such as evalualing 
potentiai changes to sampling, testing, maintenance procedures, or system design; data or event excursion investigation pur¬ 
poses; or simply for long-term informational purposes and establishmg baselines for futurę investigationat value. The purpose 
of the non-routine sampling dlctates the sampling procedures to be used, the attributes to be tested, and the location and 
repeating occurrence (if any) of that testing, It should also be noted that such non-routine sampling may be done from sam¬ 
pling ports that may or may not be routinely tested. Sampling ports can be positioned in a water system purely for investiga- 
tional, non-routine sampling, and as such, they do not need to be part of a routine sampling plan, 

7* CHEMICAL EYALUATIONS 

7.1 Chemical Tests for Bulk Waters 

The Chemical attributes of Purified Water and Water for Injection that were in effect prior to USP 23 were specified by a 
series of chemistry tests for various spetific and nonspecific attributes with the intent of detecting Chemical species indicative 
of mcomplete or inadequate purification. Although these methods could have been considered barely adeąuate to control the 
ąuality of these waters, they neverthetess stood the test of t me. This was partly because the operation of water systems was, 
and still is, based on on-line conductivity measurements and specifications generał ly thought to preclude the failure of these 
archaic chemistry attribute tests. 

In 1996, USP moved away from these Chemical attribute tests, switching to contemporary analytlcal technologies for the 
bulk waters Purified Water and Water for Injection. The intent was to upgrade the analytlcal technologies without tightening the 
quality reguirements. The two contemporary analytical technologies employed were TOC and conductMty. The TOC test re~ 
placed the test for Oxidizable Substances that primarily targeted organie contammants. A multi-staged conductMty test that 
detects ionic (mostly inorganic) contaminants replaced, with the exception of the test for Heavy Metals , all of the inorganic 
Chemical tests Ammonia, Calcium , Carbon Dioxide t Chioride, Sulfate), 

Replacing the heavy metals attribute was considered unnecessary because 1) the source water specifications (found in the 
U.S, EPA's NPDWR) for indMduai heavy metals were tighter than the approximate limit of deteetlon of the Heavy Metals test 
for USP XXII Water for Injection and Purified Water (approximately 0.1 ppm), 2) contemporary water system constmction mate¬ 
riał* do not feaeh heavy metal contaminants, and 3) test results for this attribute have uniformly been negative; there has not 
been a confirmed occurrence of a singular test failure (failure of only the Heavy Metals test with all other attributes passing) 
Since the current heavy metal drinking water standards have been in place, 

Total Solids and pH were the onfy tests not covered by conductMty testing, The test for Total Solids was considered redun- 
dant because the nonseiective tests of conductivity and TOC could deteet most Chemical species other than silica, which could 
remain undetected in lt$ colfoida! form. Colloidal silica in Purified Water and Water for Injection is easily removed by most water 
pretreatment steps, and even If present in the water, it constitutes no medical or functional hazard except in extreme and rare 
situations. In such extreme situations, other attribute extremes are also likely to be detected. It is, however, the useris responsi- 
bility to ensure fitness for use, If silica is a significant component in the source water, and the purification unit operations could 
fail and selectively allow silica to be released into the finished water (in the absence of co-contaminants detectable by conduc- 
tivfty), then either silfca-specific testing or a total-solids type testing should be utilized to monitor for and control this rare 
problem, 

The pH attribute was eventuaJly recognlzed to be redundant to the conductMty test (which included pH as an aspect of the 
test and spedfication); therefore, pH was discontinued as a separate attribute test. 

The rationale used by USP to establish Its Purified Water and Water for Injection conductMty specifications took into conslder- 
ation the conductMty contnbuted by the two least-conductive former attributes of Chioride and Ammonia , thereby predudrng 
their failure had those wet chemistry tests been performed. In essence, the Stage 3 conductivity specifications (see Water Con¬ 
ductMty (645), Bulk Water) were establtshed from the sum of the conductMties of the limit concentrations of chioride ions 
(from pH 5.0 to 6.2) and ammonia ions (from pH 6.3 to 7.0), plus the unavoidabie contributśon of other conductMty-eontri- 
butlng ions from water (H + and Ohh), dissolved atmospheric carbon dioxide (as HC0 3 -), and an electro-balancing guantity of 
either sodium (Na 1 ) or chlorine (CI-), depending on the pH-induced ionic imbalance (see Tobie 1). The Stage 2 conductMty 
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specification Is the lowest value in this table, 2.1 pS/cm, The Stage 1 specrffcations, designed primarily for on-iine measure- 
ments, were derived by essentially summing the lowest values In the contributing ton columns for eaeh of a series of tables 
similar to Tobie 1 , created for each 5° jncrement between 0° and 1 OGT For example purposes, the italicized values In Tobie l f 
the conductivity data table for 25°, were summed to yieid a consewatIve value of 1.3 p5/em, the Stage 1 specification for a 
nontemperature-compensated, nonatmosphere-equilibrated water sampie that actuafly had a measured temperaturę of 25*- 
29°, Fach 5° jncrement In the table was simflarly treated to yieid the individual values listed in the table of Stage 1 spedfica- 
tions (see Water CanductMty (645), Bulk Water). 


Table 1, Contributing Ion Conductmties of the Chloride-Aminonia Model as a Function of pH 

_ (in atmosphere-eguilibrated water at 25°) _ 


Conductmty 

( nS / tm ) 

pH 

H + 

OH 

HCOi' 

a- 

Na + 

NH/ 

Combined 

Conduct- 

frtties 

Stage 3 

Limit 

5.0 

3,49 

0 

0.02 

1.01 

0 . J 9 

0 

4,71 

4,7 

5.1 

2.77 

0 

002 

1,01 

0.29 

0 

4,09 

4,1 

5.2 

2.20 

0 

0,03 

1.01 

0.38 

0 

3,62 

3,6 

53 

1.75 

0 

0,04 

1.01 

0.46 

0 

3.26 

33 

5.4 

1,39 

0 

0.05 

1.01 

032 

0 

2.97 

3.0 

53 

l .10 

0 

0.06 

1.01 

0,58 

0 

2.75 

2.8 

5,6 

0.88 

0 

0.08 

1.01 

0.63 

0 

2.60 

2.6 

53 

0,70 

0 

0.10 

1.01 

0.68 

0 

2.49 

2.5 

5.8 

0.55 

0 

0.12 

1.01 

0.73 

0 

2,41 

2,4 

5.9 

0.44 

0 

0.16 

1.01 

0.78 

0 

239 

2.4 

6.0 

0.35 

0 

0,20 

1,01 

0.84 

0 

2.40 

2,4 

6.1 

0.28 

0 

0,25 

1,01 

0.90 

0 

2.44 

2,4 

6,2 

0,22 

0 

0,31 

1.01 

0.99 

0 

2.53 

23 

63 

0.18 

0 

0.39 

0.63 

0 

1.22 

2.42 

2.4 

6.4 

0.14 

0.01 

0.49 

0.45 

0 

1,22 

231 

23 

63 

o.n 

0.01 

0.62 

0.22 

0 

1,22 

2.18 

2.2 

6.6 

0.09 

0.01 

0,78 

0 

0,04 

1.22 

2.14 

2.1 

6,7 

0.07 

0,01 

0,99 

0 

0,27 

1.22 

2.56 

2.6 

6.8 

0,06 

0,01 

1.24 

0 

0,56 

1.22 

3,09 

3.1 

6.9 

0.04 

0.02 

1.56 

0 

0,93 

1,2 2 

3,77 

3.8 

7.0 

003 

0.02 

1.97 

0 

139 

1,22 

4,63 

4,6 


As stated above, this rather radlcal change to utilizing a conductivity attribute as well as the inclusfon of a TOC attribute 
aflowed for on-line measurements This was a major philosophlcal change and allowed industry to realize substantial savings, 
The TOC and conductmty tests can a ho be performed off-line In the iaboratories using colfected samples, although sampie 
collection tends to rntroduce opportunities for adventitious contamlnation that can cause false high readings. The coflection of 
on-line data is not, however, wltbout challenges, The continuous readings tend to create voluminous amounts of data, where 
prevtously oniy a single data point was avallable. As stated in ó. Sampltng, continuous In-process data are excellentfor under- 
standlng how a water system performs d u ring all of its various usage and malntenance events in real tlme, but this is too much 
data for QC purposes, Therefore, for examp!e, one can use a justifiable portion of the data (at a designated daily time or at the 
time of batch manufacturing) or the highest value in a given period as a worst case representation of the overaJI water quality 
for that period. Data averaging Is generałly discoLtraged because of its ability to obscure short-IIved extreme puality events. 

7.2 Chemical Tests for Stenie Waters 

Packaged/sterile waters present a particular dllemma relative to the attributes of conductlyity and TOC. The package itself is 
the major source of Chemicals (Inorganics and organIcs) that leach over time into the packaged water and can easily be detec* 
ted by the conductiv!ty and TOC tests, The irony of organie leaching from pfastic packaglng Is that before the advent of bulk 
water TOC testing, when the Oxióizable Substances test was the oniy "'organie purity" test for both bulk and packaged/sterile 
water monographs in USP , the insensstivity of that test to many of the organie leachables from plastic and elastomerlc packag- 
Ing materials was largely unrecognized, allowing organie ievels in packaged/sterile water to be quite high (possibly many times 
the TOC specification for bulk water), 

Simflarly, glass containers can also leach inorganics/ such as sodium, whlch are easily detected by conductivity but poorly 
detected by the former wet ehemistry attribute tests. Most of these leachables are consldered harmless based on current per- 
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ceptions and standards at the rather significant concentralions present Nevertheiess, they effectfvely degrade the quality of 
the high-purity waters placed into these packaging systems* Sonie packaging materiał* contain morę leachables than others 
and may not be as suitable for holding water and maintaming its purity. 

The attrrbutes of conductMty and TOC tend to reveal morę about the packaging leachables than they do about the water’* 
original puhty. These currently "allowed" leachables could render the sterile packaged versions of onginally equivalent bulk 
water essentially unsuitable for many uses where the bulk waters are perfectly adequate. 

Therefore, to better eon troi the ionic packaging leachables, (645) is divided into two sections* The first is titled Bulk Water, 
whlch applies to Purified Water , Water for injection, Water for Hemodiafysis, and Pure Steom, and rndudes the three-stage con- 
ductivity testing instructions and specifications. The second section is titled Sterile Water t which applies to Sterile Purified Water, 
Sterile Water for Injection, Stenie Water for Inhalation, and Sterile Water for trrigat/on . The Sterile laufer section indudes conduc- 
tivrty specifications simflar to the 2 testing approach because it is intended as a laboratory test, and these sterile waters 
were madę from bulk water that already complied with the three-stage conductiyity test In essence, packaging leachables are 
the primary target analytes of the conductivity specifications in the Sterile Water section of (645). The effect on potential leach¬ 
ables from different Container sizes is the rationale for having two different specifications, one for smali packages eon tai ni ng 
nominał volumes of 10 mL or less and another for larger packages. These conductMty specifications are harmonized with the 
European Pharmacopoeta conductivity specifications for Stenie Water for Injection. Alf monographed waters, except Bacterio- 
static Water for injection , have a conductivity specification that directs the u ser to either the Bulk Water or the Sterile Water 
section of (645). For the sterile packaged water monographs, this water conductMty specification replaces the redundant wet 
chemisEry limit tests intended for inorganic contaminants that had previously been spedfied in these monographs. 

Controlling the organie purity of these sterile packaged waters, particufarly those in plastic packaging, is morę challenging. 
Although the TOC test can better detect these impurilies and therefore can be better used to monitor and control these im- 
purities than the eurrent Oxidlzable Substances test, the latter has a history of use for many decades and has the flexibility to 
test a variety of packaging types and volumes that are applfcable to these sterile packaged waters. Nevertheless, TOC testing 
of these currently aliowed sterile, plastic-packaged waters reveals substantial levels of pIastioderived organie leachables that 
render the water perhaps order* of magnitude less organically pure than is typically achieved with bulk waters. Therefore, us- 
age of these packaged waters for analytical, manufacturing, and cleaning applications should only be exercised after the purity 
of the water for the application has been confirmed as suitable* 

8. MKROBIAL EVALUATIONS 

This section of the chapter presents a discussion about the types and sources of microorganisms and whether certain mi- 
crobes are prane to colonize pharmaceutical water systems. This section also addresses rmcrobiological examination of water 
samples, including a discussion on recovery methods. 

8*1 Microorganism Types 

Microorganisms are ubiquitous and their natural habitat* are extremely diverse. Based on comparative ribosomal RNA se- 
quencing, the phylogenetic tree of life consists of three domains: Bacteria and Archaea (both prokaryotes), and Eukarya (eukar- 
yotes). Most microorganisms that contamtnate pharmaceutical products are prokaryotic bacteria and eukaryotic fungi (yeasts 
and molds). These microbes are typical isolates from pharmaceutical erwironments, including the associated personnel, and a 
few are frank or opportunistic pathogens. Contamination with viruses is a concern in bioprocessing that uses animal celis, 

8*1*1 ARCHAEANS 

Microbes from the domain Archaea are phylogenetically related to prokaryotes but are distinct from bacteria* Many are ex- 
tremophiles, with some species capabłe of growing at very high temperatures (hyperthermophiles) or in other extreme envk 
ronments beyond the tolerance of any other life form. In generał, most extremophiles are anaerobic or microaerophilic chemo- 
lithoautotrophs. Because of their unique habitats, metabolism, and nutritional requirements, Archaeans are not known to be 
frank or opportunistic pathogens, and they are not capableof colonizing a pharmaceutical water system. 

8*1*2 BACTERIA 

Bacteria are of immense im porta nce because of their rapid growth, mutation rates, and ability Lo exist under diverse and 
adverse conditions* Some are very smali and can pass through 0,2-jim rated filters. Others form spores, which are not part of 
their reproductive cycle. Bacterial spore formation is a complex devefopmental process that aflows the organisms to produce a 
dormant and highly resistant celi in times of extreme stress* Bacterial endospores can survive high temperatures, strong UV 
irradiatron, desiccation, Chemical damage, and enzymatic destruction, which would normaliy kifl vegetative bacteria. 

Using a traditional cellular staining technigue based on celi wafl compositional differences, bacteria are categorized into 
Gram positive and Gram negative, although many sub-groups exist within each category based on genomie similarities and 
differences. 
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8-1.2,1 Gram-positive bacteria; Cram-positive bacteria are common in a pharmaceutical manufacturing environment but 
not in water systems. This is because they are generally not suited to survtving in a liquid environment that has the Chemical 
purity of a pharmaceutical-grade water system. Gram-positive bacteria indude the spore-forming bacteria from the genus Ba- 
cillus , which are common soli and dust contaminants, and the non-sporulating bacteria from the genera Staphyfococcus, Strep- 
tococcus , and Micrococcus, which normally cofonize human skin and mucous membranes. Other types of Gram-positIve bacte- 
rial contaminants indude organisms from the genera Corynebocterium, Mycobocterium, Arthrobacter , Proptontbocterium, Strepto - 
myces, and Actinomyces. This latter group of microbes can be found tn various natural habttats including the human skin and 
soiL 

Although Gram-positive bacteria can be detected in pharmaceutical water samples, their recovery is often assodated with 
faulty aseptic technigue during sampling or testing, or assodated with exogenous contamination sources. Although these non- 
aquatic microorganisms could be present in source water and could, in rare circumstances, make their way into the early 
stages of a water purification unit operation, Gram-positive bacteria are not known to colonize water systems. In addition, 
these microbes will likely be removed by one or morę of the purification unit operations prior to the ultimate creation of the 
pharmaceutical-grade water. 

8.1.2.2 Gram-negative bacteria: These types of bacreria are found in soi!, water, plants, and animals, Gram-negative bac¬ 
teria are of keen interest to pharmaceutical manufacturers, prinwily due to their production of endotoxins, a topie discussed 

in 8,4 Endotoxin , Some Gram-negative bacteria prefer aguatic habitats and tend to colonize water systems and other wet envl- 
ronments as biofilms, a topie discussed in 8.2 Biofilm Eormation in Woter Systems. 

8.1.2.3 Mycoplasma: Organisms from the genus Mycoplasma are the smallest of the bacteria. Unlike other bacteria, these 
organisms do not have a celi wal) and many exist as intracellufar or animal parasites. Mycoplasmas also require specific nu- 
trients for survival, induding cholesterol, and they cannot survive in a hypotonic environment such as pure water. Based on 
these facts, this type of bacteria is not a concem for pharmaceutical-grade water systems. 

a. 1.3 FU NO 

Fungi are mainly aerobic mesophilic microbes. They exist as unicellular (yeast) and multicellular filamentous (mold) organ¬ 
isms. Molds are often found in wet/moist but usually norvaquatic environments, such as soil and decaying vegetation. Exam- 
ples of common environmental molds indude those from the genera Aspergillus, Penidllium, Fusarium , Clodosporium , and Alter- 
noria. As mold matures it deve(op$ spores, which, unlike bacteria! spores, are part of their reproductive cycle and are less reslst- 
ant to adverse conditions. Mold spores are easily spread through air and materials, and could contaminate water samples. 

Yeasts are often assodated with humans and vegeta£ion. Examples of yeasts commonly found in pharmaceutical environ- 
ments indude the genera Candida , Sacchoromyces, and Rhodotorufa . 

Some molds and yeasts are considered human pathogens and a few mold spedes produce mycotoxins. Neither yeasts nor 
molds are suited for colonization or $urvival in pharmaceutical water systems. Their recovery is often associated with faulty 
aseptic technigue during sampling or testing, or associated with exogenous contamination sources. These noi>aquatic micro¬ 
organisms, if present in source water, could make their way into the early stages of a water purification system; however, they 
will likely be removed by one or morę of the purification unit operations. 

8,1.4 YIRUSES 

A virus is a smali infectious agent unlike eukaryotes and prokaryotes. This is because viruses have no metabdlfc abilities of 
their own« Viruses are genetic elements containing either DNA or RNA that replicate within host cells. Human pathogenic viru* 
ses, especialfy those of fecal origin, could be present in source water. However, they are easily neutralized by typical water 
purification treatments, such as chlorination. Therefore, it is unfikely that viruses will be present or will proliferate (due to the 
absence of host celfs) in pharmaceutical-grade waters, 

8.1.5 THERMOFHILES 

Thermophtles are heat-loving organisms and can be either bacteria or molds. Thermophiiic and hyperthermophilic aquatic 
microorganisms (see 8,1.1 Archoeans) require unique environmentai and nutritional conditions to survive. These conditions do 
not exist in the high-purity water of pharmaceutical water systems, whether ambient or hot, to support their growth. Bacteria 
that are able to Inhabit hot pharmaceutical water systems are invariabfy found in much cooler locations within these hot sys¬ 
tems; for example, within infrequently used outlets, ambient subloops off of hot loops, use-point and sub-loop cooling heat 
exchangers, transfer hoses and connecting pipes, or dead legs. These bacterial contaminants are the same mesophific (moder- 
ate temperature-loving) types found in ambient water sys:ems and are not thermophiles. Based on these facts, thermophiiic 
bacteria are not a concem for hot pharmaceutical-grade water systems. 
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8.2 Biofilm Formation in Water Systems 

A biofilm is a three-dimensiona! structured communrty of sessile microbial cells embedded in a matrix of extracelluiar poly- 
meric substances (EPS), Biofilms form when bacteria attach to surfaces in moist em/jronments and produce a slimy, glue-lrke 
substance, the EPS matrix / while prolrferating atthat location. This slimy matrix facilitates biofilm adhesion to surfaces as well 
as the attachment of additional planktonie cells to form a microbial community, 

The EPS matrix of biofilms that colonize water systems also facilitates adsorplion and concentratlon of nutrients from the 
water and retains the metabolites and waste products produced by the embedded biofilm cells, which can serve as nutrients 
for other biofilm community members. 

This EPS matrix is also largely responsible for biofilnYs resistance to Chemical sanitizers, which must penetrate completely 
through the matrix to contact and kiil the biofilm cells witnin the matrix, Heat sanitization approaches do not generally have 
these EPS matrix penetration difficulties, so they are usually considered superior to Chemicals in killing biofilms where materials 
of construction allow. 

The three-dimensional structure of a well-developed biofilm, as well as the biofilm's creation and rełease of smali, motile 
"pioneer cells" for further colonization, are facilitated through gene expressron modulating "quorum sensing" Chemicals re- 
leased in tiny amounts by individual biofilm cells and concentrated to a functfonal level włthin this same EPS malrix. So, the 
EPS matrix of biofilms is primarily responsible for the biofilm's success in colonizing and proliferating in very Iow nutrient-con- 
taining high-purity water systems, The EPS matrix also explains the difficulty in killing and/or removing biofilms from water 
purification and distribution system surfaces, 

8.2,1 BIOFILM-FORMING BACTERIA IN WATER SYSTEMS 

Common microorganisms recovered from water system samples include Gram-negative bacteria from the genera Pseudomo- 
nos f Ralstonio f Burkholderia f Stenotrophomonas, Comamonas, Methylobocterium, and many other types of Pseudomonas-like or- 
ganisms known eollectively as pseudomonads, These types of microbes, found in soli and source water, tend to colonize all 
water system distribution and purification system surfaces Including activated carbon beds, deionizing restn beds, RO systems, 
membranę filtratron modules, connecting piping, hoses, and valves. If not eon troi led, they can compromise the functionality 
of purification steps in the system and spread downstream, possibly forming biofilms on the distribution system surfaces such 
as tanks, piping, valves, hoses, and other surfaces, from where they can be sheared or otherwise released into the finished wa¬ 
ter used in processes and products. 

Some of the biofilm pseudomonads are opportunistic human pathogens and may possess resistance to commoniy used 
pharmaceutical product preservatives, particularly when imbedded in EPS matfix flocs sheared from water system biofilms, 
5everal pseudomonads are also capable of utilizing a wide ^ariety of carbon sourtes as nutrients, allowing them to colonize 
austere, adventitious nutrient environments such as water systems. This nutritionai diversity also makes them capable of grow- 
ing to very high numbers in some pharmaceutical products and raw materials, thus leading to product adulteration and po- 
tential risk to patient health. Given that these bacteria are commoniy found in agueous environments, endotoxin eon troi for 
Water for fnjection systems (and some Punfted Water systems) through biofilm control becomes critical, 

8.2*2 NON-BIOFILM-FORMING BACTERIA IN WATER SYSTEMS 

Other types of non-pseudomonad Cram*negattve bactera are generally non-aquatic by naturę. They include coliforms from 
the genera Escherichia, Salmonella, Shigeilo, Ser rada, Protem , Enterobacter f and Klebsiella, which are used as indrcators of fecal 
contamination, Although some of these bacteria can be human enteric pathogens, these non-pseudomonads are not suited to 
colonizing or survivtng in pharmaceutical water systems owing to the water's Chemical purity, In fart, non-pseudomonad en- 
teric bacteria are extremely unlikely contaminants of pharmaceutical water systems unless local sewage and source water Con¬ 
trols are not in place. Such Controls are required in order to comply with the source water reguirements for making USP-grade 
waters as described in their respectiye monographs. 

83 Microorganism Sources 

8,3.1 EKOGENOUS CONTAMINATION 

Exogenous microbial contamination of bulk pharmaceutical water comes from numerous possible sources, including source 
water At a minimum, source water should meet the microbial quaiity attributes of Drinklng Water, which is the absence of 
fecal coliforms (£. coli). A wide variety of other types of microorganisms, chiefly Gram-negative bacteria, may be present in the 
incoming water. If appropriate steps are not taken to reduce their numbers or eliminate them, these microorganisms may 
compromise subsequent water purification steps. 

Exogenous microbial contamination can also arise from maintenance operations, eguipment design, and the process of 
monitoring, including; 

* Unprotected, faulty, orabsent ventfilters or rupture dlsks 
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• Backflow from interconnected equipment 

* Norvsanitized distribution system openings for component replacements, inspections, repairs, and expansions 

• lnadequate drain air-breaks 

• Innate bioburden of activated carbon, ion~exchange ^esins, regenerant Chemicals, and chforine-neutralizing Chemicals 

* Inapproprrate rinsing water quality after regeneration or sanitization 

* Poor sanitization of use points, hard-piped equipment connectors, and other water transfer devkes such as hoses 

■ Defident techniquesfor use, sampfing, and operation 

The exogenous contaminants may not be norma! aquatic bacteria but rather microorganisms of soif, air, or even human 
origin. The detection of non-aquatic microorganisms may be an indication of sampling or testing contamination ora system 
component failure, which should trigger investigation anc remediation, Suffident care should be given to sampling, testing, 
system design, and maintenance to mlnimize microbial contamination from exogenous sources. 

8.3,2 ENDOGENOUS CONTAMINATION 

Endogenous sources of microbial contamination can arise from unit operations in a water purification system that is not 
properly maintained and opera ted. Microorganisms present in source water may adsorb to carbon bed media, ion-exchange 
resins, filter membranes, and other eguipment surfaces, and initiate the formation of biofitms. 

Downstream colonization can occur when microorganisms are shed from existing biofilm-colonlzed surfaces and carried to 
other areas of the water system. Microorganisms may also attach to suspended particles such as carbon bed fines orfractured 
resin particles. When the microorganisms become planktonie, they serve as a source of contamination to subsequent purifka¬ 
tion equipment and to distribution systems. 

Another source of endogenous microbial contamination is the distribution system itseif. Microorganisms can colonize pipę 
surfaces, rough weids, misaligned flanges, valves, and dead legs, where they proiiferate and form biofiJms. Once formed, bio- 
films can become a continuom source of microbial contamination, which is very drfficuit to eradicate. Therefore, biofilm devel- 
opment musi be managed by methods such as freguent deaning and sanitization, as well as process and equipment design. 

8.4 Endotoxin 

Endotoxins are lipopolysacchartdes found in and shed from the celi envelope that is externai to the celi wali of Gram-nega- 
tive bacteria, Sorne grades of pharmaceutical waters, such as those used in parenteral applications (e.g*, Water for tnjection, 
Water for Hemodialysis , and the sterilized packaged waters madę from Water for tnjection) strictly limit the amount of endotox- 
ins that may be present because these compounds are pyrogenk, 

8.4.1 SOURCES 

Endotoxins may occur as collections of lipopolysaccharide molecules associated wkh living microorganisms, fragments of 
dead microorganisms, the EPS matrix surrounding biofilm bacteria, or free motecular dusters or micelles containing many lipo* 
polysaccharide molecules. The mono merle form of the endotoxEn molecule does not exlst in high-purity water because of its 
amphiphilk naturę. Endotoxins may be introdueed into the system from the source water or may be released from celi surfa¬ 
ces of bacteria that colon ize the water system. For example, a spike in endotoxin may occur fol towing sanitization as a result of 
endotoxin release from kllled cells. Endotoxin quantitation in water samples is not a good indicator of the level of biofilm de- 
velopment in a water system because of the multiplicity of endotoxin sources. 

8.4.2 REMOYAL AND CONTROŁ 

To contro! endotoxin !evels in water systems, it is important to control all potential sources of contamination with Gram- 
negative bacteria as well as free endotoxin in the water. Contamination control includes the use of upstream unit operations to 
reduce bioburden from incoming water, as well as engineehng Controls (e.g., heat sanitization, equipment design, UV sani- 
tizers, filters, materiał surface, and flow velority) to minimize biofilm development on piping surfaces and to reduce re-inocula- 
tron of the system with free-floating bacteria. 

Endotoxin remediation may be aceomplished through the normat exclusion or removal action afforded by various unit oper¬ 
ations within the treatment system. Examples of endotoxin removaI steps in a water purification train include RO, deionizadon, 
ultrafilters, and endotoxin-adsorptive filters. 


8*5 Test Methods 

Microbes in water systems can be detected as exampled in this sectlon or by methods adapted from Microbial Enumeration 
Tests (61), Tests for Spedfied Microorganisms (62), or the current edition of Standard Methods for the Examination of Water and 
Wastewater by the American Public Health Assodation: This section describes classical culture approaches to bioburden testing, 
with a brtef discussion on rapid microbiologieal methods. 
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Every water system has a unique mitrobiame. It is the user'$ responsibility to perform method validation studies to demon- 
strate the suitability of the chosen test media and ineubation conditions for bioburden recovery, In generał, users should sefect 
the method that recovers the htghesl planktonie mierobiaf counts in the shortest time, thus allowing for timely investigations 
and remediation, Such studies are usually performed before or during system vaiidation. In addition, the chosen method 
should be reassessed periodically, as the microbiome of a new water system gradually establishes a steady stale relative to the 
system f s routine maintenance, use, and sanitization procedures* 

The steady State conditlon can take months or even years to be achieved, and can be affected by a change in source water 
quality, changes in finished water purity by using modified or Increasingly inefficient purification processes, changes in finished 
water use patterns and volumes, changes in routine and preventative maintenance or sanitization procedures and frequenties, 
or any type of system intrusion (e.g., component replacement, removaf, or addition)* 

8*5,1 MICROBIAL ENUMERATION CONSIDERATtONS 

Most microbial contaminants in water systems are found primarify as biofilms on surfaces, with only a very smali pereentage 
of the microbiome suspended in the water, or planktonie, at any given time. Although it would seem logical to directly moni- 
tor blofilm development on surfaces, current technology for surface evaIuations in an operatrng water system makes this im- 
practical in a CMP environment. Therefore, an indirect approach must be used: the detection and enumeration of planktonie 
microorganisms that have been released from biofilms. This planktonie microbiome will impact the processes or products 
where the water is used. 

The detection and enumeration of the planktonie microbiome can be accomplished by collecting sam pies from water sys¬ 
tem outJets, Planktonie organisms are associated with the presence of biofilms as well as free-floating bacteria introduceti into 
the system (pioneer cells), which may eventually form new biofilms* Therefore, by enumerating the microorganisms in water 
grab samples, the overa!l State of eon troi over biofilm development can be assessed* This assessment has historically been ac¬ 
complished with dassical cultural techniques, which are viewed as the traditional method. However, nutritional limitations of 
the growth media may not satisfy growth requiremenfs of organisms present in the water system that originated from a bio¬ 
film. As a result, traditional cultural methods may only detect a fraction of the biofilm bacteria present in the water sample. 
Other options are avaiiab!e, such as rapid microbiological methods. 

There is no ideał cultural enumeration method that will detect all microorganisms in a water sample, although some media 
or ineubation temperatures may be better than others* However, from a PC perspective, this limitation is acceptable because it 
is the relative changes in the trends for water sample microbial counts that indicate the State of PC. 

8.5.2 THE CUSSICAL CULTURAL APPROACH 

Classical cultural approaches for microbial testing of water Include but are not fimited to pour plates, spread plates, mem¬ 
branę fiftration, and most probable nu m ber (MRN) tests. These methods are generaily easy to perform, and provide excelłent 
sample processing throughpul. Method sensitivity can be inereased via the use of iarger sample sizes, This strategy is used in 
the membranę filtradon method. Cultural approaches are further defined by the type of medium used in combination with the 
ineubation temperaturę and duration. This combination should be selected according to the monitoring needs of a speciftc 
water system and its ability to recover the microorganisms of interes!, i.e„ those that could have a detrimental effect on the 
products manufactured or process uses, as well as those that ref lec t the microbial control status of the system. 

8*5.2.1 Growth media: The traditional categorization is that there are two basie forms of media available: "high nutrient" 
and "iow nutrient". Those media traditionally categonzed as high-nutrient include Platę Count Agar (TGYA), Soybean Casein 
Digest Agar (SCDA or T$A), and m-HPC Agar (formerly m-SPC Agar). These media are intended for the generał isolation and 
enumeration of heterotrophlc or copiotrophic bacteria. Low-nutrient media, such as R2A Agar and NWRI Agar(HPCA), have a 
Iarger vanety of nutrients than Lhe high-nutrient media. These low-nutrient media were developed for use with potable water 
due to thetr ability to recover a morę nutritionaily diverse popufation of microorganisms found in these environments. The use 
of R2A may not be the best choice for high-purity water systems. Even though high-purity water creates an oligotrophic envi- 
ronment, It has been shown empirically that in many high-purity compendial waters, the microbial count disparfty between 
Iow- and high-nutrient media is dramatically less to nil, compared to potable water* Nevertheless, using the medium that has 
been demonstrated, through validation studies, to be the most optimal for the microbiome in a particular water system is es- 
sential. 

8.5.2,2 Ineubation conditions: Duration and temperaturę of ineubation are also critical aspects of microbiological testing. 
Classical compendial methods {e.g., {61}) specify the use of high-nutrient media, typically ineubated at BG^BS 5 for NLT 48 h. 
Civen the types of mlcrobes found jn many water systems, ineubation at lower temperatures (e.g*, ranges of 20°-25* or 25°- 
30°) for longer periods (at least 4 days) could recover higher microbial counts than classical compendial methods. Low-nu- 
trient media typically reguire longer ineubation conditions (at least 5 days) because the lower nutrient concentrations prom o te 
slower growth. Even high-nutrient media can sometimes yield higher microbial recovery with longer and cooler ineubation 
conditions. The decision to test a particular system using high- or low-nutrient media, higher or lower ineubation tempera¬ 
tures, and shorteror longer ineubation times should be based on comparative cultivation studies using the native microbiome 
of the water system. The decision to use media reguiring longer ineubation periods to recover higher counts should also be 
balanced with the timeliness of results. Detection of marginally higher counts at the expense of a significantly longer ineuba- 
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tion period may not be the best approach for monitoring water systems, Some cultural conditions using low-nutrient media 
lead to the developnnent of microbial colonies that are m uch less differentrated in colonial appearance, an attribute that micro- 
biologists refy on when selecting representative mkrobial types for further characterization. The naturę of some of the slow 
growers and the extended incubation times needed for their development into visible colonies may also lead to those colonies 
becoming dysgonic and drfficult to subculture, This coulc limit their further characterization, depending on the microbial iden- 
tif kation technology used. 


8.53 SUGGESTED CLA55ICAL CULTURAL METHODS 

The example methods presented in Table 2 are optional and may or may not be optimal for recovering microorganisms, 
including those considered objectionable, or biofilms. Users shouid determine through experimentation which methods are 
best for in-process and QC monitoring, as well as for reccvering specific microorganisms that could befound in the water sys¬ 
tem and might be objectionable for the intended water use. 


Table 2. Example Culture Methods 


Drinking Water 

Pour piąte method or membranę filtration method® 

Suggested sample vo!ume: TO ml b 

Growth medium; piąte count agar* 

Incubation time: 48-72 h d 

Jncubatron temperaturę; 30 & -35° e 

Purified Water 

Pour piąte method or membranę filtration method b 

Suggested sam ple volume: 1.0 mL for pour piąte or 100 mL for membranę filtration h 

Growth medium; plale count agar* 

Incubation time: 48-72 h d 

Incubation temperaturę: 3CT-35 8 * 

Water for tnjection 

Membranę filtration nelhod 3 

Suggested sample vołume: 200 mL b 

Growth medium: piąte count acjai* 

Incubation time: 48-72 h d 

Incubation temperaturę: 


a A membranę filter witb a ratlng of 0,45 ^m is generally ćomidered preferable to smaller porosiły membranę*. 
b Sample size must be appropriate for the expetted microbial count of tfie water in order to derive statlstically valid colony counts. 
c For optimum recovery H an alternative medium may be morę appropriate (e,g., m-HPC, TSA/SCDA, R2A). 
d For optimum recovery H alternative incubation times may be needed. 
e For optimum recovery p alternatlve Incubation temperaturę* may be needed. 

For media growth promotion, use at a minimum Pseudomonas aeruginosa ATCC 9027 and Badllus subtilis ATCC 6633. Addi- 
tional organisms shouid be used to represent those that are considered objectionable and/or typically isolated from the water 
system (house isolates). 


8.5.4 MICROBIAL IDENTIFICATION 

In addition to the enumeration of the bioburden in the water, there is a need to identify and/or select certain mkrobial spe- 
cies that could be detrfmental to products or processes. Some bacteria may also be resistant to preservatives and otherantimi- 
crobial Chemicals used in liquid and semi-solid products, thus leading to potential product spoilage. For example, Pseudomo - 
nos aeruginosa and Burkholderia cepacia, as well as some other pseudomonads, are known opportunistic pathogens. As such, it 
may be appropriate to consider these species as objectionable microorganisms for the type of water used to manufacture (iq- 
uid and semi-solid products. There is a higher risk of infection if these organisms are found in products targeted forsusceptible 
patient populations (e.g., the very young, the very old, and the immunocompromised) or products contacting highly suscepti- 
ble tissues (e.g., rnhaled products or some topical products). However, if the product where the water is used carries an ab- 
sence specification for a particular pathogenic species tha: is not capabfe of fivtng in a high-purity water system, then these 
non-aquatk species shouid not be candidates for routine water testing. For morę Information, see Mkrobiologkal Examination 
of Nonsterile Products: Acceptance Criteria for Pharmaceutical Preparations and Substances for Pharmaceutical Use <1111), Microbial 
Characterization, Identification, and Strain Typing (1113), and Mkrobiologkal Best Laboratory Practices <1117). 

For PC and QC, it is valuable to know the mkrobial species present in the norma 1 microbiome of a water system, even if 
they are not specifically objectionable. If a new species is detected, it may be an indication of a subtle process change or an 
exogenous rntrusion. The identity of the mkroorganism may be a clue as to its origin and can help with implementation of 
corrective or preventive action. Therefore, it ts industry practice to identify the microorganisms in samples that yield resuJts 
exceeding establlśhed Alert and Action Levels. It is also of value to perlodically identify the normaJ microbiome in a water sys¬ 
tem, even if counts are below established Alert Levefs. This Information can provide perspective on the species recoveries from 
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Alert and Action Level excursron samples, rndicating whether they are newspedes or just higher levels of the normal micro- 
biome. Water system isolates may be ineorporated into a company cufture cotlection for use in tests such as antimicrobial ef- 
fecUveness tests, microbial method validation/suitability testing, and media growth promotion. The decision to use isolates in 
these studies should be risk-based because many isolates wili not grow on the high nutrient media required in these studies. 

8.5.5 RAPID MICROBIOLOGICAL METHOD5 

In recentyears, new technologies that enhance microbal detection and the timeliness of test results have been adopted by 
pharmaceutical QC testing labs. Rapid Microbiological Methods (RMM) are divided into four categories: Growth-Based, Vrabili- 
ty-Based, Artifact-Based, and Nudeic Add-Based. Examples of RMM used for the evaluation of microbial ąualtty of water Sys¬ 
tems include: 

* Microscopic visual epifluorescence membranę counting technigues 

* Automated laser scanning membranę counting approaches 

* Early colony detection methods based on autofluorescence, adenosine triphosphate (ATP) biolummescence, or vital statn- 
ing 

* Genetic-based detection/guantitation 

See Volidation of Alternotive Microbiological Methods <1223) for further Information on rapid microbiological methods. 

9. ALERT AND ACTION LEVELS AND SPECIFICATIONS 

9.1 Introduction 

Establishment of Alert and Action Levels for any manufacturing process facilitates appropriate and timely control. tn the case 
of a pharmaceutical water system, the key PC parameters can be specific Chemical, physical, and microbiological attributes of 
the water produced, Typically, most Chemical attributes can be determined in real time or in the lab within a few min after 
sample coilection, Physical attributes such as the pressure drop across a frlter, temperaturę, and flow ratę—which are some- 
tlmes considered critical for operation or sanitization of the water system—must be measured in situ during operation, Obtain- 
ing timely microbial data is morę challenging compared to Chemical and physical attributes, often taking several days. This 
limits the ability to contro! microbial attributes in a timely manner, and therefore requires a morę challenging evaluation of the 
test results and conservative implementation of PC levels* This section provtdes guidance on the establishment and use of Alert 
and Action Levels, as well as Specifications to assess the suitability of the water and the water system for use in productton. 

9.2 Exampies of Critical Parameter Measurements 

Examples of measurements and parameters that are important to water system processes and products are described below. 
The list, which is not intended to be exhaustive or required, contatns some examples of parameters that could be measured to 
demonstrafe that the system is in a stale of control. 

Examples of measurements that could be critical to the puriflcatlon or sanitization process include: 

* Temperaturę, for thermally sanitized Systems 

* % Rejection of an RO system 

* Endotoxin levełs offeed water to a distillation system 

* Chłonne presence immediately prior to an RO system 

£xamples of measurements that could be critical to the water distribution process include: 

* Retum/end-of-loop linę pressure, to forewarn of a negative pressure from simultaneous use of too many outlets 

* Beginning and end-of-loop flow ratę, to forewarn of an excessively high flow ratę at the UV lamps if too many outlets are 
open 

* Flow ratę, to ensure that sufflcient water Is avallable for operations 

Examples of measurements that could be critical to finał water qualily include: 

* Conductivity 

* TOC 

* Endotoxin—for Water for Injection systems 

* Particulate matter 

* Bioburden 

* Ozone or other Chemicals—for chemlcally sanitized systems 

93 Purpose of the Measurements 

Although the purpose of each measurement varies, the results can be used to provide system performance feedback, often 
immediately, serving as ongoing PC and product qua!ity indicators. At the same time, the results provide Information necessa- 
ry for makmg dedsions regarding the immediate processing and usabilky of the water (see 6T Purposes and Procedures). Ho w- 
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ever, some attributes may not be monitored contrnuously or may have a long delay in data availabi!ity (e.g v microbial data). 
Regardless, both reaf-time data and data with longer cycie times can be used to properly establish Alert and Action Levels, 
which can serve as an early warning or indication of a potenttally approaching guality Shift 

As PC Śndicators, Alert and Action Levels are trrgger points for the potential need for investigation and/or remedial action, to 
prevent a system from deviatrng from norma I condittons and producing water unsuitabfe for its tntended use. This "rntended 
use" minimum guality is sometimes referred to as a "Specification" or "Limity and may jndude limits for conductivity and 
TOC listed in water monographs, or other specifications reguired for these waters that have been defined by the user internal- 

iy* 

In alt cases, the validity of the data should be verrfied to ensure that the data are accurate and consistently representative of 
the water qualtty in the system, regardless of whether the sample was collected from a sampling port or use point The result- 
ing data must not be unduly biased, pos?tively or negativey, due to the sampling rnethod, the environment in the vicinity of 
the sampling location, the test procedurę, instrumentation, or other artifacts that could obscure or mrsrepresent the true guali- 
ty of the water intended by the purpose of the sampling, i,e., for PC or for QC. 

9.4 Defining Alert and Action Levels and Specifications 

Data generated from routine water system monitoring should be trended to ensure that the system operates in a State of 
chemkal and microbiological control. To assist with the evaluation of system performance, companies should establish im 
process control levels based on historical data or a fraction of the water Specifications (as long as this latter approach yields 
values with re!evance to process performance). 

When estabiishing Alert and Action Levels and Specificatlons, a two- or three-tier approach is typicaily used. In a three-tier 
approach, the typical structure is to establish in-process Controls using Alert ievel t Action Levei, and Spedficatfam. Alert and Ac¬ 
tion Levds are used as proactive approaches to system management prior to exceeding Specifications, The criteria for defining 
and reattmg to adverse trends should be set by the user, These levels should be set at values that allow companies to take 
action to prevent the system from producing water that is unfit for use. Water Specifications or Umits represent the suitability 
for use of the water. 

In a two-tier approach, a combination of the above tenrinoiogy is used, depending on the parameter to be monitored. For 
exampie, if the attribute does have a monograph specification, the two tiers are Alert Level (or Action Level) and Specification. 
If the attribute does not have a limrt/spedfication, the two tiers are usually Alert Level and Action Level. 

A single-tier approach is possible, but this is risky and difficult to manage. With this approach, where the water/system is 
either acceptable or not acceptable, the single-tier rnethod does not allow for any adjustment, correction, or investigation pri- 
or to stopping production. 

However, certain sampling locations, such as sampling ports that are not used for manufacturing products or processes, do 
not represent the finished water quality where a Specification could be applied* In these locations, a two-tier approach (Alert 
and Action Level$ only) could be applied. In some sampling locations, a single PC level might possibly be appropriate, depend¬ 
ing on the attribute. 

9.4.1 ALERT L£VEL 

An Alert Level for a measurement or parameter should be derived from the norma! operating rangę of the water system. 
Specifically, Alert Leve3s are based on the historical operating performance under production conditions, and then are estab- 
lished at levels that are just beyond the majority of the normal historical data. The Alert Level for a parameter is often a single 
value or a rangę of values, such as: 

* Higher than typical conductivity or TOC 

■ Higher than typical microbial count 

* Higher than typical endotoxin level 

* Low temperaturę durtng Lhermal santtization 

* pH rangę control prior to an RO 

* Gzone concentration in a storage tank 

Various methods, tools, and statistical approaches are availab!e for estabiishing Alert Levels, and the user needs to determine 
the approaches that work for their application. Some numerical examples are two or three standard deviations Q (or morę) in 
excess of the mean value, or some percentage above the mean value but below a Specification. An event-based example could 
be the appearance of a new microorganism or a non-zero microbial count where zero is the norm. 

When an Alert Level is exceeded, this indicates that a process or product may have drifted from its normal operating condi- 
tion or rangę. Alert Leve! excursions represent a warning and do not necessariiy require a correct!ve action. However, Alert 
Level excursions may warrant notification of personnel involved in water system operation, as well as the quality assurance 
(QA) personnel. Alert Level excursions may also 3ead to additional monitoring, with morę intense scrutiny of the resulting and 
neighboring data as well as other process indicators. 




USP40 


General Information / (1231) Water for Pharmaceutical Purposes 1887 


9.4,2 ACTION LEVEL 

An Action Level is also based on the same hbtorical datą but the ievels are estabfished at va3ues (or ranges) that exceed the 
Alert Levels. The values/ranges are determined using the same types of numerical or event-based tools as the Alert Levels, but 
at different values. 

In a three-tier approach, it is good practice to sefect an Action Level that is morę than the Alert level, but less than the Spec- 
ification to aJlow the user to make correcth/e actions before the water would go out of tompltance. 

Exceeding a quantitative Action Level indicates that the process has allowed the product guality or other critical parameter 
to drift outside of its normal operating rangę. An Action Level can also be event-based. In addrtion to exceedtng quanfitative 
Action Levels, some examp!es of event-based Action Level excursk>ns indude, but are not llrmted to: 

• Exceeding an Alert Level repeatedly 

o Exceeding an Alert Level in multiple locations simultaneously 

• The recovery of specific objectlonabfe microorgantsms 

• A repeating non-zero microbial count where zero is the norm 

If an Action Level is exceeded, thls should prompt immedfate notiflcatlon of both QA staff and the personne! involved in 
water system operations and use, so that corrective actions can be taken to restore the system back to its normal operating 
rangę. Such remedia! actions should also indude investigative efforts to understand what happened and eliminate or reduce 
the probability of recurrence. Dependlng on the naturę of the Action Level excurs3on, it may be necessary to evaluate its im- 
pact on the water uses during the period between the previous acceptable test result and the next acceptable test result. 

9.4.3 SPECIAL ALERT AND ACTION LEVEL 5JTUATIONS 

In new or slgnificantly altered water systems, where there Is limited or no historical data from which to derive Erends, it is 
common to establish initial Alert and Action Levels based on equipment design capabilities. These initial levels should be with- 
in the process and product Specifications where water is used* It is also common for new water systems, espedally ambient 
water systems, to undergo changes, both chemicalfy and microbiologicafly, over tlme as vartous unit operations (such as RO 
membranes) exhibit the effects of aging, This type of system aging effect is most common during the first year of use, As the 
system ages, a steady state microbial population (microorganism types and levels) may develop due to the col!ective effects of 
system design, source water, maintenance, and operation, includlng Ehe freguency of re-beddlng, backwashing, regeneration, 
and sanitization. This established or maturę microbial population may be higher than the one detected when the water system 
was new. Therefore, there is ca use for the impurity levels to Increase over this maturation period and eventual!y stabiiize. 

Some water systems are so weil controlled rrncrobially—such as continuously or intermittently hot Water for Injection distri- 
bution systems—that microbial counts and endotoxin leve!s are essentlally nil or belo w the limit of reasonable detectability, 

This common scenerio often coincides with a very Iow Specification that is poorly quantifiable due to imprecision (as much as 
two-fold variability) of the test methods that may be near their lim its of detection. In such systems, quantitative data trend tng 
has littie value, and therefore, quantitative PC fevels also have littfe value, The non-zero vafues in such systems could be due to 
sporadic sampling issues and not indicative of a water system PC deviation; however, if these non-zero values occur repeated¬ 
ly, they could be Endicative of process probfems. So, an aiternative approach for establishing Alert and Action Levels with these 
data could be the use of the incident ratę of non-zero values, with the occasional single non-zero "hit" perhaps being an Alert 
Level (regardless of its quantitative value), and multiple or seguential "hits" being an Action Level. Dependtng on the attribute, 
perhaps single hits may not even warrant being considered an Alert Level, so only a multiple-hit situation would be consEdered 
actionable, It is up to the user to decide on their approach for system control, Le., whether to use one, two, or three levels of 
Controls for a given water system and sampling location, and whether to establish Alert and Action Levels as quantitative or 
qualitative hit-frequency values* 


9.4.4 SPECIFICATIONS 

Water Specifications or LEmits are set based on dlrect potential product and/or process impact and they represent the sulta- 
b El Ety for use of the water. The various bul k water monographs contain tests for Conduetivity, TOC, and Bocterial Endotoxins (for 
Water for Injection). Aside from the monographs for Water for Hemodialysis and multiple sterile waters, microbial specifications 
for the bulk waters are intentionally not Enciuded in their monograph tests. The need for microbial specifications for bulk wa¬ 
ters (Purified Water and Water for Injection) depends on the water use(s), some of which may require strict control (e.g., very 
Iow bloburden, absence of objectlonable organisms, or Iow tonie strength) while others may reguire no specification due to 
the lack of impact. For example, microbial specifications are appropriate and typically expected for water that is used in prod¬ 
uct formulatlons and finał egulpment rinses. However, where the water is used for analytical reagent preparation or for clean- 
ing processes that condude wtth a finał antlmicroblal heat drying or solvent rinsing step, the microbial quafity of the water is 
likely less of a concern. The decision to establish microbial Specifications for bulk pharmaceutical waters should be based on a 
formal risk assessment of Its uses and justified by scientific rationale. 

It rs very important to understand the Chemical and microbial guality of the water in its finał form as it is de!ivered from a 
water system to the locations where it is used in manufacturfng acdvities and other points of use. The quality of the water 
within the water system could be compromlsed if It picks up Chemical or microbial contaminants during its delivery from the 
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system to the points of use. These points of use, where cumu!ative contamination could be present, are the locatlons where 
compliance with aJI the water Specifications is mandated. 

As discussed above, compliance with Chemical Specifications can be conflrmed periodlcally between uses, immediately prior 
to use, or even while the water is being utilized in product manufacturing. While the use of RMM may provlde for timely mi- 
crobial data, the use of corwentional cultivative microbiological testing usually delays confirmation of microbial compliance 
until after the water has been used. However, for some applicatlons, this logistical limitation shoufd not ellminate the need for 
estabEishing microbial Specifications for this very important raw materiał, 

The manufacturing risk imposed by these logistics accentuates the value of valrdated microbial control for a water system. It 
afso emphasizes the vafue of unbiased microbial monitoring of sampfes colJected from pertinent locations, with evaluatlon of 
the resulting data against well-chosen, preferably trend-derived Alert and Action Leve!s, whtch can fadlitate remedia! PC to 
preclude Specifrcation excursions. 

Users shoufd establlsh their own quantitative microbial Specifications sulted to their water uses. But these values should not 
be greater than 1 00 cfu/mL for Purified Water or 10 cfu/100 ml for Water for Injection unless speciflcally justified, because these 
values generally represent the highest microbial levels for pharmaceutical water that are still suitable for manufacturing use. 

A Specificatlon excursion should prompt an out-of-specification (OOS) investigation. The Irwestigation is performed to de- 
termine 1) the root cause of the excurston so that CAPA may be taken for remediatlon purposes, and 2) assess the impact on 
affected processes and finished products where the water was used. Product disposition dedsions must be madę and are de¬ 
pendent on factors which could include: 

° Role of water in the product or in-process materia! 

■ Chemical or microbial naturę of the attribute whose Speclfication value was exceeded 

° Leve3 of product contaminatlon by the water 

* Presence of objectionabie microorganisms 

* Any downstream processing of affected in-process materia Is that could mitigate the OOS attribute 

• Physical and Chemical properties of the finished product where the water was used that could mitigate the OOS attribute 

• Product administratlon routes and potentfaily sensitive/susceptible users 

9.4.5 SOURCE WATER CONTROL 

The Chemical and microbial attributes of the starting source water are important to the ability of the water system to remove 
or reduce these impurltles to me et the finished water Specifications (see 2. Source Water Considerationś). Using the exampie 
microbial enumeration methods in labie 2 f a reasonable maximum bacterial Action Leve! for source water is 500 cfu/mL. This 
number is derived from U.S, EPA NPDWR where it Is used as an Action Levd for the water authority indicating the need for 
lmproving dlsinfectlon and water filtration to avoid the penetration of vlra!, bacterial, and protozoal pathogens into the finish¬ 
ed Drinking Water. It is not, however, a U.S. EPA heterotrophic piąte count Specificatlon or Maxrmum Contaminant Level 
(MCL) for Drinking Water. 

Nevertheless, of particular importance could be the microbial and Chemical guallty of this starting water because the water 
is often deltvered to the facility at a great distance from its source and in a condltlon over whfch the user has little or no con- 
trol. High microbial and Chemical levels in source water may Indicate a municlpaf potable water system upset, a change in the 
supply or odgina! water source, a broken water main, or lnadequate disinfection, and therefore, potentially contamfnated wa¬ 
ter with objectionabie or new microorganisms or coincidental Chemical contaminants. 

Constderfng the potentlal concern about objectionabie microorganisms and Chemical contaminants in the source water, 
contacting the water provlder about the problem should be an Immedlate first step, Imhouse remedia! actlons could a!so be 
needed, Includlng performance of additional testing on the mcoming water (as well as the finished water in some cases) or 
pretreating the water with additional microbial and Chemical purlfication operatlons (see 5.1 Unit Operathns Coiisiderations). 


(1234) VACCINES FOR HUMAŃ USE—POLYSACCHARIDE AND 

GLYCOCONJUGATE VACCINES 

1NTRODUCTION 

This chapter describes best practlces for production, conjugation, and characterization of polysaccharide and glycoconju- 
gate vacclnes. It describes key guallty attributes at each step of the process and suggests best methods to assess these attrib¬ 
utes. The scope of this chapter includes vaccines conslsting of one or morę purified polysaccharides (such as pneumococcal, 
menfngococcal, and Typhoid Vi vaccines) and components involved in their production, and vaccines consisting of one or 
morę gfycoconjugate Immunogens in whfch a saccharide has been covalently attached to a suitable carrier protein. The Jatter 
category includes Haemophifus infiuenzae type b (Hib), meningococcai, and pneumococcal conjugate vaccines. The chapter 
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does not include combination yaccines in which Hib conjugates are combined with unreiated immunogens against diphtheria, 
tetanus, and pertussis. 


BACKCROUND 

Occurrertce of Capsufar Polysaccharides 

Many pathogenic bacteria possess a polysaccharide capsule that encloses the celi, modulates the flow of nutnents to the celi 
surface, and protects against dehydration. When a bacterium establishes an infection in a mammalian host, the polysaccharide 
capsule hides celi surface components from elements of the mammalian immune system, such as antibodies and complement 
proteins that otherwise wouid activate mechanisms to kill the pathogen. Although polysaccharide capsules are themse!ves im- 
munogenic in children and adults, development of a protective immune response may be too slow to defend the host against 
disease. In many cases, antibodies directed against the capsufar polysaccharide are protective, and the prior existence of these 
antibodies prevents establishment of the infection; this is the basis for their use as yaccines or components of conjugate vac- 
cines. Many bacterial species can be diyided into serogroups or serotypes that express structurally and immunologically dis- 
tinct ca psu lar polysaccharides- The number of known serotypes drffers between organisms. There are six known Haemophilus 
influenzae serotypes and morę than 90 Streptococcus pneumoniae serotypes. Different serotypes (or serogroups) of the same 
organism may have different infectivities, For instance, the large majority of disease caused by H, influenzae is due to the b 
serotype. Different serotypes may cause disease in different geographical regions, may produce a different spectrum of disease, 
or may be prevafent in different age groups. The serotype-specific pattern of disease may change with time within a given 
geographical region. For these reasons, many polysaccharide and conjugate yaccines contain multiple saccharide immuno¬ 
gens. 

Structures of Capsufar Polysaccharides 

Capsular polysaccharides are high molecuiar weight polymers that contain a strict repeat unit, This repeat unit can be a sin¬ 
gle monosaccharide unit or can be an oligosaccharide unit that contains as many as eight sugar residues. The repeat units can 
be Nnear or branched, and are sometimes linked togelher by phosphodiester bonds. Bacterial polysaccharides often contain 
unusual sugar residues that are not found elsewhere, and may be substituted with a wide rangę of acylating groups (O-acetyl 
groups are the most common) and phosphorylated substituents such as phosphoglyterol, Incomplete O-acetylation and mi- 
gration of O-acetyl groups between different hydroxyl groups leads to a degree of heterogeneity in the polysaccharides. 

Immune Responses to Capsular Polysaccharides 

Capsular polysaccharides are T-cell-independent type 2 immunogens, These immunogens do not evoke antibody Esotype 
switchmg, affrnity maturation, or Immunological memory. Because of the relatively la te devefopment of the relevant arm of the 
human immune system, unconjugated polysaccharide yaccines usually Induce only a poor immune response in infants under 
the age of two and thus are not used for this population group. Adjuvants in polysaccharide yaccines do not improve the im¬ 
mune response, In a typical adult target popuiation only a single dose is required to induce a protectiye immune response. 3n 
the absence of immunological memory, regular revaccination is reguired, often at five-year intervals. Repeated yaccination can 
lead to hyporesponsiveness to the yaccine. 

Conjugation of Polysaccharides to Carrier Protein 

Covalent attachment of a capsular polysaccharide, or an oligosaccharide derived from it, to a protein carrier creates a conju¬ 
gate yaccine. Immunization with a conjugate vacdne induces humoral immunity by means of a different molecuiar mecha- 
nism that does not require cross-linking of immune cefl surface proteins. For thrs reason, effectiye conjugate yaccines can be 
produced using oligosaccharide haptens that may be derived from a capsular polysaccharide or from inherentfy lower molecu- 
lar weight polysaccharides such as the O-chain of a lipopoiysaccharide. Conjugates can also be produced using naturally high- 
mass polysaccharides or by controlled stze reduction to shorter chains. Depending on the manufacturing process there are 
three basie structural models for conjugate yaccines: 

* conjugates in which a carrier protein is modrfied with multiple oligosaccharide chains that have one or two activation sites 
to atlow atlachment to a carrier protein, resultlng in a monomerit glycoconjugate or a glycoconjugate with limited cross- 
linking 

* cross-linked conjugates in which multiple activated polysaccharide chains and carrier proteins couple to multiple polysac¬ 
charide chains, creating a cross-linked network of proteins and glycans 

* conjugates in which a size-reduced polysaccharide is covalently attached to a complex of proteins, typically bacterial out- 
er proteins, via multiple attachments. 
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The Canier Protein 

The most widely used carrier proteins are related to bacteriai toxins that are detoxified by Chemical or genetic means. Conju¬ 
gate vaccines induce a T-cell-dependent response that is developed early in life and leads to immunologlca! memory and 
boosting of the response by further doses of the vaccine, thus they are suitable for infant immunlzation, The role of the carrier 
protein En modulating the immune response is discussed below. 

Conjugation Chemistry 

Polysaccharides can be covalently attached to proteins, although activation of the polysaccharide is reguired. Sometrmes the 
carrier protein is also activated to create compatible reactive groups. Polysaccharides can be activated initially by creation of 
reactive aldehyde groups, by periodate oxidation or uncovering of the redudng terminal of sugars, by reaction of hydroxyl 
groups with highly reactive reagents such as cyanogen bromide (or 1 -cyanQ-4-drmethylammo-pyndinium tetrafluoroborate 
[CDAP] as a crystailine aiternative) or carbonyldilmidazole, by use of carboxylic acid groups, or, Ef available, by free amino 
groups or phosphate groups. Periodate oxidation, diiute acid bydrolysis, and some other approaches to polysaccharide activa- 
tion may, depending on the strueture of the polysaccharide, lead to depolymerizatEon of oligosacchahdes, which are typically 
fractionated by size and an appropriate fraction coupled to the carrier. The " natura I" reactive groups on proteins include łysinę 
e-amino groups, /V-terminal amino groups, carboxylic acids in aspartate or glutamate, or thiol groups. Carrier protein activa- 
tion may afso invo!ve the creation of hydrazide groups or thiols for linkage. Covalent attachment between the activated poly- 
saccharlde and the carrier protein, activated or not, can take place via the use of activated esters, sometimes created in situ 
with a water-sofuble carbodEimide reagent, by reduction of Schiffs bases, by reaction of a thiol with maieimEde, or by elimina- 
tion of bromide, Conjugation can either be dlrect, as in reductive amination, or via the introduction of a suitable bEfunctional 
linken In generał, the cholce of conjugation chemistry is defEned by either the strueture of the polysaccharide repeat unit or 
the desire to produce a conjugate of a spedfle structural family. 

Immune Resportses to Conjugate Vaccines 

The immune response to the saccharide component of conjugate vaccines Es T-celi-dependent and is slmilar to the response 
for proteins, although this process is still not fully understood with respect to glycoconjugates. Because thrs immunologlcal 
pathway is in place even in infants, conjugate vaccines were devefoped initially for use En infants. Following interaction with 
antigen-presenting cells such as dendritic cells, macrophages, and 8-cells, glycoconjugate vaccines are internalized and pro- 
cessed into smali peptides and glycopeptides that then are re-exposed and presented to T-lymphocytes in associahon with the 
major histocompatibility compfex class II molecules. Multipie immunizations of an Emmunofogicafly naive infant are normaliy 
reguired to raise an antibody response, but processes such as isotype switching and affinity maturation take place and immu¬ 
nological memory is stimulated. In generał terms, these processes result in induction of longdasting high-affinity antibodies 
that are effective at preventing bacteriai pathogens from establishing an infection* Adjuvants in glycoconjugate vaccines are 
effective at boosting immune responses. These vacdnes have also been shown, in the cases of Hib, meningococci, and pneu- 
mococci, to eliminate nasopharyngeal carriage of organisms, thus an important aspect of their effectiveness arises from sup- 
pressing fransmission of infectious serotypes between Endividuals, called a herd effect. 

RCEY QUAL!TY FARAIMETERS FOR BULK POLYSACCHARIDES 

Bułk monovafent polysaccharide is purified from bacteriai celi cuiture and fs a key stable intermediate in the manufacture of 
both polysaccharide and conjugate yaccines* Many quafity parameters for finał vacdnes can be initially assessed by analysis of 
bulle monovalent polysaccharides or by using critical in-preeess tests supporting the manufacturing process. important quality 
parameters for purified polysaccharide include Identity, purity, composltion, and molecular size, and depend on the type and 
extent of further processlng, The purification process Is validated to consistently produce compliant materiał. 

The purity of the polysaccharides depends on the purification steps, Including harvest methods, clarification, and down- 
stream purification processes. For purification, a combinatlon of precipitation, flltration, and chromatographie procedures can 
be used, depending on the Chemical naturę of the polysaccharide. The finał purification step can consist of buffer exchange 
and flltration followed by storage of purified polysaccharide (frożen), or additional precipitatlon and washing of the precipitate 
with solvent before drying, followed by storage. Drying of polysaccharides can be performed in dessicators and can include 
several steps of grinding orfluffing and return to the dessicators for further drying, Manufacturers should take care during 
these steps because mechanieal handllng of the polysaccharide can reduce its molecular size. The purified polysaccharide is 
stored at a suitable temperaturę In condltlons that avoid the uptake of moisture. Lyophilization of polysaccharides is also possi- 
ble. The stabiiity of the polysaccharide under specified storage conditions should be demonstrated; this may include assess- 
ment of the optima! moisture content of the dried materiał. 

Differentiating which tests should be used for polysaccharide release and which are better suited to in-process testing to en- 
sure process consistency depends on the process and how the polysaccharide will be further processed. Finał dedsions about 
process parameters typicaify take place after discussions with regulatory authorities. 
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Dry Weight 

Because dry weight is used both to calculate the results of certa in tests with reference to the dried subs tance and to calcu- 
!ate amounts for subsequent processes, voJatife matter, Induding water, in the purified polysaccharide is determined by a com- 
bination of suitable methods including the following: 

* thermogravrmetry (see Lass on Drying (7 31)) 

* Karl Fischer (water only: see Woter Determination (921)} 

* residual solvents determined by gas chromatography (see Residua! Solvents (467) and C hromatography (621)) and by nu- 
clear magnetic resonance (NMR) spectroscopy (see Nudear Magnetic Resonance Spectroscopy {7 6 1)) or ccEorimetric meth- 
ods. 


Polysaccharide Identity 

The manufacturer is requlred to confirm the identity of the acttve component present in the purified polysaccharide, If other 
polysaccharides are produced at the same manufacturing site, the method should be validated to show that it distinguishes 
the desired polysaccharide from alJ other polysaccharides produced in thatfaclllty (see 21 CFR 610.14), The identity is deter¬ 
mined by a prespedfied comblnation of suitable methods such as: 

® immunoiogical test methods: These methods regutre access to highly specific antisera that are able to distlnguish be- 
tween dosely related polysaccharide antigens. Commonly used formats for this purpose are immunopredpitation, Irnmu- 
noelectrophoresis, and enzyme-finked immunosorbent assays (EU5A), The (serological) spedfidty of the antiserum shouid 
be demonstrated by the absence of cross-reactivity with heterologous polysaccharides manufactured in the same facility. 
Morę Information regarding these methods can be found in Immunoiogical Test Methods—General Considerations (1102), 
Immunoiogical Test Methods — Enzyme-Unked Immunosorbent Assay (ELISA) (11 OB), and Immunoiogical Test Methods — fm- 
munoblot Analysis (1104), 

■ NMR spectroscopy (see (761)): NMR methods require access either to authentic sampfes of the polysaccharide or to refer¬ 
ence spectra. Comparison is madę visuaily in terms of the positions, relative intensities, and multiplldties of srgnificant 
resonances, or by use of other objective methods. 

■ Polysaccharide identity can also be assessed by use of a matnx of compositionai assays, usualEy with colorimetric or chro- 
matographic readouts, that define factors such as the amounts of different sugar types (e.g., amino sugars, uronić acids, 
or methyl pentoses depending on the polysaccharide), the amount of substituents (e.g., G-acetyl groups), and the con- 
tent of nitrogen and phosphorus* 


Polysaccharide Purity and Quantity 

COLORIMETRIC ASSAYS 

HistoricalEy, polysaccharide content compared to dry weight (purity) was estimated using a rangę of colorimetric assays for 
functional groups specific to the polysaccharide antigen, Because the reference standard is typically a pure monosaccharide or 
similar model compound, and because assays were typically determined before most structures were known, component 
quantification may not parał lei true stolchiometry. Tbus, manufacturers should develop correlations among aiternative ap- 
proaches, Purity can be calcufated based on the method employed and the salt form present. Tobie 1 iists colorimetric tests 
that may be approprlate to determine the composition of a particuiar polysaccharide within a vaccine. The response factors for 
the sugar units in the polysaccharide may differfrom those of a pure monosaccharide reference standard. Manufacturers 
should address these coneerns during method validation. 


Table 1. Colorimetric Assays for ^dysaccEiaride Composition and Quanti£y 



Orcinot 
Assay 
(Bial Re¬ 
agent) 

[Vlolyb- 

datę 

(Chen) As- 
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Resorom o 1 

Assay (Se- 
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Reagent) 

Sulfurk 
Add Di' 
gest! on 

CarbazoBe 

Assay 

DimetBiyl- 

amino- 

benz- 

aBdehyde 

Assay 

Cysteinę 
Sulfuric 
Add As- 
say 

Hestrin 

Assay 3 

Anthrone- 
Sulfuric 
Add As- 
say 

PS Anti¬ 
gen 

Rihose 

Phos- 
p h a te 

Sialic Add 

Total Mi 
fcrogen 

Uronić 

Acids 

Hexos- 

amines 

Mletbyl- 

pen- 

toses 

0-Acetyl 

Total Sug¬ 
ar 

Hib PRP 

X 

X 








Men A 


X 






X 


MenC 



X 





X 


MenV 



X 





X 

X 

MenWl 35 



X 





X 

X 


a The hestrin assay is appropriate for compositional analysis and identity, but because the degree of O-acetylation can vary between polysaccharide batches it is 
not normally a suitable assay for polysaccharide quantitatron. 
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Table 1. Colorimetric Assays for Poiysatcharide Composrtion and Quantity (Contimwd) 



Orclnol 
Assay 
(Blal Re¬ 
agent) 

Molyfa- 

datę 

(Chen) As- 
say 

Resorcinol 
Assay (Se- 
Ilwanoff 
Reagent) 

Sulfurk 
Add Oi 
gestio n 

Carbazole 

A«ay 

Dlmethyl- 

amlno- 

beiu- 

aldehyde 

Assay 

Cystełne 
SuSfurlc 
Add As 
say 

Hestrin 
Assay ‘ 

Anthrone- 
Sulftłric 
Acid As¬ 
say 

PS Anti- 
gen 

Rlbose 

Phos* 

phate 

Sialic Add 

Total NI- 
trogen 

Uronić 

Acids 

Hexos 

amlnes 

Methyl 

pen- 

toses 

O-Acetyl 

Total Sug- 
ar 

Pneumo (Se¬ 
ra type Spe¬ 
cific) 


X 

X 

X 

X 

X 

X 

X 

X 

VI 








X 



B The hestrfn assay is appropriate for compositronal analysis and fdentity, bul because the degree of O-acetyfation can vary hetween polysaccharide batches it Is 
not normaily a sui table assay for polysaccharide guantitatbn. 


HYDROLYSIS AND COMPGSITION ANALYSIS BY CHROMATOGRAPHY 

Add or base hydrolysis depolymerizes polysaccharides into oligosacchandes, monosaccharides, or smaller fragments that are 
polysatcharide-spedfie for the optimized hydrolysis conditions employed. Aggressive hydrolysis conditions can destroy some 
components of the polysaccharide* These fragments can be quantified directly by use of y for example, high-performance 
anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD) or conductivity detection for ions 
(HPAEC-CD), or by reversed phase high-performance liguid chromatography (HPLC) of fluorophore-fabeled sugars* Alterna- 
tively, the hydrolysate can be derivatized and analyzed by gas chromatography with flame ionization (GC-FID) or mass spec- 
trometric detection (GC-MS). Suitable polysaccharide reference materials or monosaccharides are required, and the hydrolysis 
conditions are product-spedfic Tobie 2 summarizes the type of hydrolysis applied, the analytical methods, and the analytes 
that have been guantified for different polysaccharides. 


Table 2, Chromatographk Methods for Compositfonal Analysis and Qu ant If kation of Vacdne Polysaccharides 13 


PS Ant i gen 

Add Hydrolysis 
and HPAEC 

Add Hydrolysis, 
Fluorophore 
Labeling, and 
HPLC 

HF Hydrolysis 
and HPAEC 

Base Hydrolysis 
and HPAEC 

Meth- 

anolysis and 

GC or HPAEC 

PRP 

ftibitol 

— 

Phosphate 

PRP monomer 


MenA 

ManN-ó-P 

— 

Phosphate 

O-acetyl 


MenC 

Neu5Ac 



O-acetyl 

— 

MenY 

Gic, Neu5Ac 

Neu 5 Ac 

— 

O-acety] 

— 

MenWI 35 

Cal, Neu 5Ac 

Ne u 5 Ac 

— 

O-acetyl 

— 

Pneumo 

(Serotype 

Spedfic) 

Aldltols, methylpento- , 
ses, hexoses, hexosa- 
mines, uronić adds, 
Pyruwate 

— 

Phosphate 

O-acetyl 

Alditols, methylpento- 
ses, hexoses, hexosa- 
mines, uronić acids 

Vi 

— 

— 

— 

O-acetyf Vi monomer 
fragment 

— 


3 PS - polysaccharide; HF ^ hydrofluoric acid; PRP = polyri bosy In bilo! phosphate; MenA = Meningocottui group A; MenC = Meningococcus graup C; MenY = 
Meningococcus group Y; MenWI 35 = Meningococcus group W135; Pneumo = Pneumocotcus; Man = mannose; Neu » neu rami nic acid; Ac = acetyl; Gfc = 
glucosamine; Gal = gafactose. 


CAPILtARY ELECTROPHORESIS 

Capillary zonę electrophoresis has been used for the Identification and quantification of meningococcal polysaccharides 
with out d epolymeri za tion. 


IMMUNOCHEMICAL ASSAYS 

Immunochemical assays such as immunonephelometry or ELI5A reguire access to specific antisera that must be calibrated to 
reference materials. The response may be modified by the matrix or size of the polysaccharide. 






























USP 40 


General Information / (12 34) Vacdnes for Humań Use 1893 


NMR SPECTROSCOPY 

The relatrve intensities of characteristic resonances can confirm the proportions of different sugar residue types and substitu- 
ents such as N- or O-acety! or pyruvate that are present in the polysaccharide, Quantification can be achteved by comparison 
of these intensities to that of an added internat standard (see (761)). 

Regarding phosphorus determination, one shoufd remember that a number of bacterial polysaccharides contain phospho- 
diester linkages. The polysaccharide may be quantified based on its phosphorus content by colorimetric assays or instrumental 
approaches such as inductively coupled plasma-optica! emission (fCP-OES) or ICP-mass spectrometry (ICP-MS), 

COUNTERIGNS 

if the percentage purity of polysaccharide bulks (compared to dry weight) is part of their release program, the amount and 
type of counterion present must be considered and can be determined by, for example, ICP-MS. This is normaEly an in-process 
control step. 

Polysaccharide Molecular Size Distribution 

The mofecular size distribution is generally evaiuated by liguid chromatography using soft gel-filtration procedures or size 
exdu5ion-high"performance liguid chromatography (SEC-HPLC) eguipped with in-llne refractive index (R3). The results are re- 
ported as the distribution coefficient ( K 0 ) determined from the main peak of the efution curve or as the percentage of materiał 
that etutes before a defined K 0 cut-off vatue. The absolute molecular weight of the polysaccharide and its hydrodynamic (gyra- 
tion) radius can be determined by coupling static light scattering and Rl detectors to the SEC-HPLC column, and measuring 
the Rl increment (dnfdc) using reference polysaccharides. Reguirements based on molecular weight can be expressed In terms 
similar to those based on molecular size, and related either to peak values or to the proportion that elutes before a defined cut- 
off vatue. 

Leveł of Protein Contamination 

The residua! protein content of the polysaccharide should be determined by an appropriate assay and should be shown to 
be below the approved spedffcation. These spedfications typically vary by polysaccharide and serotype. Method vafidation 
shoufd assess the need for sam ple pretreatment before protein determination and speciflc interference by the polysaccharide 
in the protein assay. Further, method validation should demonstrate that the assay sensitivity is appropriate for the specifica- 
tion. Biotechnology-Derived Artides—Totol Protein Assay 0 057) eon tai ns Information regarding these assays. Metbods that are 
typically applied to polysaccharides EncJude colorimetric assays (e.g,, Lowry, Biuret, bidnchonic acid, or Bradford assays) and 
UV absorbance. 


Level of Nucleic Acid Contamination 

The nucleic acid content of the puriffed polysaccharide should be determined and should be shown to meet spedfications, 
which are typically less than T% w/w. Nucleic Acid-Based Technigues—Approaches for Detecting Tracę Nucleic Adds (Residua! 
DNA Testing) (1130) provides additiona! Information about these methods. 

Quantification of Process- and Product-Related impurities 

Depending on in-process testing or release requirements, chromatographic and spectroscopic methods can be used to 
quantify residuals from the fermentation and bolation/purification steps. These residuals may include antifoaming agents, phe- 
nol, cetyltrrmethyl ammonium bromide, ethanoi, and other residual solvents. Other impurities should afso be guantified using 
appropriate tests, ind ud i ng: 

■ bacterial endotoxins (see Bacteriaf Endotoxins Test {85)} 

° pyrogens (see Pyrogen Test (1 51 » 

• sterility (see Sterility Tests (71)), if required 

* bioburden (see Microbiofogica! Exomination of Nonsteriie Products: Micmhial Enumeradon Tests (61», where appropriate. 

As an En-process control, the proportion of pneumococcal C polysaccharide In pneumococca! capsular polysaccharides can be 
determined by a combinatfon of 'H and ll P NMR spectroscopy or by HPAEC-PAD analysis of ribitol. Altematively, it can be 
derived from the compositional analysis. 


Stabiiity-lndicating Tests 

The polysaccharide may lose integrity because of gradual hydrolysis, resulting in a reduced molecular size, and this degrada- 
tion can be monitored by size exdusion chromatography or by high-performance size exclusion chromatography (HPSEC) 
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with static light scattering detectors far molecular weight Loss of G-acetyl groups can be monitored by HPLC methods. Both 
the loss or migration of O-acetyl groups and the integrity of phosphate-containmg polysaccharides can be tracked by MMR 
spectroscopy. Immunochemical methods can also be used to monitor polysaccharide integrity but shoufd be validated for that 
purpose. 

KEY QUALITY PARAMETERS FOR BULK FORMULATED POLYSACCHARIDE VACCINE 

The bulk formulated polysaccharide yaccine refers to a solution that contains a blend of appropriate amounts of the required 
monoyalent bulk polysaccharides, as well as any buffer salts, exdpients, adjuvants, and antimicrobial preservatives present in 
the yaccine product. Typically, the yaccine is sterilized, usually by fittration, and is ready for filiing in the finał dosage forms* 

Antimicrobial Preservative 

łf an antimicrobial preservative is present and is not assayed at a later stage, its concentration can be assayed at this stage 
using an appropriate validated Chemical, physicochemical, chromatographic, or spectroscopic assay. While the specification 
will depend on the regulatory agency, typically the amount of preservative should not exceed 120% of the expected value, 
and the manufacturer must demonstrate that the preservative is effective at that concentration (see Antimicrobial Effectiveness 
Testing (51 )) T 

Sterility 

At this stage, tf the expectation is that the materiał is stenie, then sterility should be demonstrated using an appropriate vali- 
dated assay such as one of those described in (71)* For other manufacturing processes, measurement of sorne combination of 
bioburden, endotoxin count, or pyrogenicity may be suffictent. 

Polysaccharide Quantity 

To ensure correct dilutron of the bulk before finał filiing, and unless other control mechanisms are in place, determination of 
the content of indivtdual serotypes or total polysaccharide content may be required using appropriate validated physicochemi- 
cal or immunochemical methods as defined in the bulk polysaccharide section* 

pH, Osmolarity/lsotonicity, and Excipients 

The finał format of a yaccine may be liquid or lyophilized 1f the format in this stage does not change during the finał hll and 
is not analyzed later then manufacturers should assay this bulk materiał for: 

* pH (see pH (791)) 

* possibly osmofarity or isotonicity (see Osmolaiity and Osmolarity (785)), If approved by a regulatory agency, routine osrno- 
larity testing may be omitted if the manufacturer demonstrated consistency in development and cllnical lots. 

* excipient content, if present 

KEY QUALIT¥ PARAMETERS FOR POLYSACCHARIDE VACCINES: FINAŁ FILLS 

In accordance with 21 CFR 610,1, "No lot of any licensed product shall be released by the manufacturer prior to the com- 
pletion of tests for conformity with standards applicable to such product Bach applieable test shall be madę on each lot after 
completion of all processes of manufacture which may affect compliance with the standard to which the test appfies* The re- 
sults of all tests performed shall be considered in determinirtg whether or not the test results meet the test objective, except 
that a test result may be disregarded when it is established that the test is invalid due to causes unrelated to the product." Test 
methods should be appropriateiy yerified and yalidated, 

Description and Solubillty 

Ligutd vaccines are typically elear colorless !iquids that are essentiatly free from yisible particles. Lyophilized products are typi¬ 
cally white or cream-colored powders or peflets that are freeły soluble in water and yield elear coforless Jiquids that are free 
from yisible partides. 


Polysaccharide identity 

The manufacturer should demonstrate that all the expected polysaccharides are present in the finał fili. The test may be Im¬ 
munochemical, physicochemical, or Chemical, Regulation 21 CFR 610.14 requlres that the identity test should distinguish the 
product from other products handled in the same facility* In some cases specific guality attributes of the polysaccharide refat- 



USP40 


General Information / (1234} Vaccines for Humań Use 1895 


ing to identity, such as O-acetyl content, may also be specified, and should be assayed at thrs finał fili stage if not assessed at 
an earlier stage. Often polysaccharide identity and quantlty can be confirmed and determined by the same assay. 

Polysaccharide Quantity 

The content of each polysaccharide present in the finał lot should be determined by a suitable validated immunochemEtal or 
phystcochemical method. Typically, Vi and pneumococcal polysaccharide yaccines contain 25 pg of each serotype in a single 
human dose, whereas meningococcal polysaccharide yaccines contain 50 pg of each serogroup in a single human dose. When 
immunochemicaf methods are used, the antisera should be spedfic for each polysaccharide in the vacdne, including, in the 
case of the pneumococcal serotypes, im monolog icalEy cross-reacttve species. Spedfications are established on a case-by-case 
basis, but typically the content of each polysaccharide in the vaccine should be either between 70% and 130% or between 
80% and 120% of the labef cfaim, 

Polysaccharide Structural Integrity and Molecular Size 

In the absence of suifable yalidatlon data showing that ro chan ges occur during fi [ling and storage, Lhe structural integrity 
and molecular size of the indiyidual polysaccharide components should be assessed as far as is possible following the finał fili. 
Depending on the naturę of the polysaccharide and the complexity of the vaccine f the integrity of indiyidual serotypes or se- 
rogroups can be established by a combination of immunochemical stability-indteating measurements (e.g., ELISA, ratę nephei- 
ometry, or physicochemical methods), by size or molecular weight determination alone or in combination with serotype-spe- 
cific assays, or by quantification of specific groups such as O-acetyl groups that have been shown to be crittcal for immunoge- 
nicity. Together with the serotype-specific quantification, tiese assays act as a surrogate for a potency assay, 

pH 

The pH of the finał fil! should be determined for fiquicl products or for redissolyecl lyophilized products according to {791) 
and should meet the requirements of the re3evant [icensing authority. This attrlbute should be included in stability-testing pro- 
gra ms. 

Antimicrobial Preservative 

Where applicable, the amount of antimicrobial preservative should be determined by a suitable validated approach, Typical¬ 
ly, the vafue should not exceed 120% of the quantity stated on the tabel. The approved lower limit should not be lower than 
the minimum amount shown to be effective throughout the producds shelf life. 

Process fmpurities 

Unless the product has been tested at an earlier manufacturing stage, and depending on the manufacturing process used, 
process impurities or residuals such as phenol or formaldehyde should be tested by appropriate validated assays. For morę in- 
formation about alloWable process fmpurities, see Yaccines for Human Use—Bacterial Yaccines {1 238). 

Sterility 

The sterility of each fot should be ensured according to procedures descrlbed in (71) and 21 CFR 61 0.12. The product 
should tomply with the reguirements of the tests. 

Pyrogens or Bacterial Endotoxin 

Depending on regulatory requirements, the product's endotoxrn content or pyrogeniclty should be determined and should 
be shown to meet the relevant spedfications* Methods for endotoxin testing are found in (85). Methods for pyrogen testing 
arefound in <151). 


Osmolarity and/or Isotonicity, Excipients, and Moisture Content 

ff the vaccine is a liguid preparation, the pH and osmolarity/isotonicity of each finał lot should be tested and shown to be 
within the pre-approved spedfications. For a lyophilized preparatlon, analysts should measure the pH after reconstltution with 
the appropriate diluent. 

Excipient functional category (sometimes referred to*as functionality) is a broad, qualitative, and descriptive term for the pur- 
pose or roie an excipient serves in a formulation. Of greater importance, however, are the quantltative performance reguire- 
ments (i.e., ciitjćal materiał attributes) of excipients that must be evaluated and controlled to ensure consistent performance 
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throughout the product life cycle, Manufacturers should aiticipate lot-to-lot and supplier-to-supplier variability In excipient 
properties and should have in place appropriate Controls ił needed to ensure consistent excipient performance (refer to Exd- 
pient Performance <1059) for guidance). 

Regarding mofsture content in lyophilized products, as speciffed in 21 CFR 610.13 each lot of dried product must be tested 
for residuaI mofsture and must meet and not exceed established llmits as specified by an approved method (see also (731) and 
<921)). 

Diluent for Lyophilized Products 

Data should be provided to support diłuent sterility (see<71» and to ensure that adventitious microbial contamination does 
not occur under the reconstkution conditions (i.e., diluents should not mtroduce contamination) or d u ring storage conditions 
as described in the package insert, ff an antimicrobial preservative Is used (as is the case nomnaliy only in multidose products), 
testing according to (51) is recommended to demonstrate aceeptability, Testing may not be reguired on all lots once process 
control and consistency have been estabfished. 


General Safety 

Depending on regulatory reguirements, a generał safety test may be necessary as set out in 21 CFR 610.11(g), and the 
product should meet the spedfications, 

KEY QUALITY PARAMETERS FOR CARRIER PROTEIN 

A number of protein carriers have been used in preclinical and clinical evałuation of conjugate vaccines. Proteins such as 
diphtheria and tetanus toxoids, which derive from the respective toxins after Chemical detoxification with formaldehyde, ini- 
tially were seiected as carriers because of the safety track record accumulated with tetanus and diphtheria vaceination, and 
these proteins are used today as carriers for menjngoeoccal, Hib, and pneumococcal vacctnes in a number of countries world- 
wide, CRM197, a nontoxic mutant of diphtheria toxm, is also used as a carrier for licensed Hib, pneumococcal, and meningo- 
coccal conjugate vaccines and for other vacdnes being developed, An outer membranę protein complex (OMPC) of serogroup 
B meningocoecus is the carrier for a licensed Hib conjugate vaccine. An Hib-related protein, Protein D, is the carrier for most of 
the po łysa ech a ri des induded in one licensed conjugated pneumococcal vaccine. 

Key Quallty Parameters for Carrier Protein 

Five carrier proteins currently are used for conjugate vaccines approved for use by various regulatory authorities: Diphtheria 
Toxoid, Tetanus Toxoid, CRM197, Haemophilus Protein D, and OMPC. When the carrier protein is a component of an ap- 
proved vacdne like diphtheria and tetanus toxoids, the first key guality parameters are those deftned by the reiease tests on 
the concentrated bulks for these components, Other guality parameters include the level of oligomerization (monomer vs. 
multimeric forms). For carrier proteins that are not licensed as stand-alone vaccines, the list of key quality attributes should at 
least incfude identity, sterility or bioburden (depending on the manufacturing process), endotoxins, and purity. In some spedf- 
ic cases, additional guality attributes may reguire measurement 

CARRIER PROTEIN IDENTITY 

The identity of the carrier proteins can be assessed by suilable methods that can be divided into two categories: 

* Immunochemical methods: immunopredpitation (floc::ulation, radial immunodiffusion, and nep hel o metry), immunoelec- 
trophoretic methods (rocket immunoelectrophoresis), and immunoenzymatic methods (immunoblots and ELI5A) 

* Standard physicochemical methods used for other punfied proteins: mass spectrometry, peptide mapping, and molecular 
mass determination. 

Using these methods, a sampie preparation is compared to a reference preparation to demonstrate consistency. The tests lis- 
ted here may not be appropriate for toxold proteins. 

STERILITY OR BIOBURDEN 

Sterility and bioburden are determined according to protedures described in (71) and (61}, respectively, and 21 CFR 
610,12. 
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ENDOTOX!MS 

To ensure an acceptable level of endotoxin in the finał product, manufacturers can determine the endotoxin content of the 
carrier protein according to (85) and thus can show that endotoxin leveis are within acceptable Jimits. For some products, rab- 
bit pyrogenicity testing ((151)) may be a morę relevant test. 

Diphtheria Toxoid 

ANTIGENIC PURITY 

Depending on the manufacturing process diphtheria toxoid preparation can show different degrees of purity. TypitaJIy, anth 
genie purity for diphtheria toxoid as determined by the flocculation test should be at least 1500 Lf (limit of flocculation) 
units/mg of protein* 

MONOMER, DI MER, OR ACCREGATE CONTENT 

Diphtheria toxin is characterized by the presence of dimenc and multimeric aggregation forms that are also present in the 
corresponding detoxified preparations. Regarding this parameter, analysts can monitor the manufacturing consistency of diph- 
theria toxoid by defermining the content of monomers vs. dimers and other aggregates usmg a suitable method sudi as 5EC- 
HFLC coupled with a static fight scattering detector. In some cases, because of the Iow purity of the preparation the HPLC 
profile may resuit in a broad peak that cannot be resolved nto the contribution of the Individual species. 

Tetanus Toxoid 

ANTIGENIC PURITY 

Typically, the antigenic purity of tetanus toxoid as determined by the flocculation test should be at least 1500 Lf units/mg of 
protein. 


MONOMER, Dl MER, OR AGGRECATE CONTENT 

The detoxificatron process for tetanus toxin resufts In oligomenzation to an extent that depends on the process conditions. 
SimiJar to diphtheria toxoid, the physicochemical consistency of tetanus toxoid can be monstored by the determinatron of 
monomeric vs. dimeric forms and other aggregates using suitable methods like SEC-HPLC coupled with static light scattering 
detection. Other methods iike ultracentrifuge analysis can be appiied but may be less suitable for routine testing, 

CRM197 

CRM197 protein is a nontoxigenic diphtheria toxin isolated from the supernatant of cultures of Corynebocterium diphtheriae 
C7(/? 197) 10 *' and purified by a seguence of chromatographic and diafillration steps. A guideline for production and control of 
bacterial proteins used in vacdne manufacturing is given in (1238). Recombinant CRM197 should meet requirements for nom 
recombinant materiał, although additional diaracterization appropriate for recombinant proteins may be required. 

PURITY 

The purity of CRM197 batches should be determined via suitable methods, e.g,, HPLC (see (621}), sodium dodecyl sulfate- 
poiyacrylamide ge! electrophoresis (SDS-PAGE; see Biotechnology-Derived Artides—Polyacrylamide Gel Electrophoresis (1056)), or 
Capillory Electrophoresis (1053). Typical expectations are that the purity of CRM1 97 should be at least 90% and often greater 
than 95%, 

DEGREE OF NICKJNG 

CRM197 contains an exposed loop of three arginine residues that is ciipped by proteases present in the culture medium, 
resulting in a so-calJed nicked form. The manufacturing process should demonstrably be able to regularly produce CRM1197 
with a consistently Iow degree of nitking. In the presence of a reducing agent like dilhiothreito), the nicked form breaks down 
into two distinct polypeptides cafled fragments A and B that can be easily detected by 5D5-PAGE, which accordingly Is a suita- 
błe method to determine the degree of nicking. In a validated process testing may be needed as an in-process control. 
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Haemophilus Protein D 

Haemophilus Protein D is obtained as a recombinant protein from £. coli fermentation that, after extractron from the celfs, is 
purrfted by a senes of chromatographic and diafiftration steps and finatly is stenie filtered, Routine release tests for protein D 
include identity, purity, sterility, protein content, and endotoxin content. Host celi proteins and host celi DNA should aiso be 
tested unless process validation has shown consistent clearance. 

PURITY 

Purity should be monitored with an approprrate test such as HPLC, SDS-PAGE, or capillary electrophoresis (CE). 

Outer Membranę Protein Complex 

The GM PC of Netsseria meningitidis group B is derived from memngococca! serogroup B bacterial cells by extraetłon with 
buffer-containEng detergent, Analysts can monitor manufacturing consistency by determining the OMPC composition with 
SD5-PAGE or another suitable method. 


£NDOTOXIN CONTENT OR PYROGENICITY 

To ensure an acceptable leve) of endotoxrn fn the finał product, analysts can determine the endotoxin content of the carrier 
protein and can show that it falls within acceptable limits according to (85). Altemativeły, OMPC preparations should pass the 
rabbit pyrogenicity test following injection into rabbits at, typically, 0.25 pg/kg of body mass (see (151)). 

MENINCOCOCCAL OMPC REQUIREMENTS—PURITY AND LIPOPOLYSACCHARIDE CONTENT 

The composition of meningococcal OMPC carrier should be monitored for consistency by SDS-PAGE or by another suitable 
method. Typically, the lipopolysaccharide (LFS) content should not exceed 8% by welght. Suitable methods for LP5 determi- 
nation include HPLC, colorimetric analyses, SDS-PAGE, and GOMS. 

KEY QUALITY PARAMETERS FOR ACTIVATED INTERMEDIATES 

Different Chemical strategies can be applied to the synthesis of glycoconjugate vaccmes. Two mam approaches have tradi- 
tronally been empfoyed for glycoconjugate vaccines preparation: one is based on random Chemical activation along the chain 
of the native or sltghtly size-reduced polysaccharide, foflowed by conjugation; the other is based on selective activation of end 
groups of oligosacchandes generated by controlled fragmentation of the native polysaccharide and subsequently coupłing to 
the protein carrier. Depending on the conjugation chemrstry, a Chemical spacer can be used to facilitate the coupłing of the 
protein to the saccharide antigens, and, in some cases, prior derivatization of the protein carriers is also reguired. In some ca- 
ses the activated or derivatized polysaccharide or oligosaccharide is isoiated and represents an intermediate of the glycoconju¬ 
gate vaccine manufacturing proćess. In order to ensure a reprodudble product by means of consistent application of the ap- 
propriate conjugation stoithiometry, manufacturers should use appropriate methods to determine the degree of activation or 
derivatization of the poły- or oligosaccharide and of the carrier protein. 

Degree of Activation of Activated Polysaccharide 

If appropriate, different activation or derivatization strategies can be applied to poły- or oligosacchandes in order to make 
them suitable for covalent coupłing to the carrier protein. In some cases the hydroxyl groups of the polysaccharide first are 
reacted with cyanogen bromide or CDAP or carbonyldlimidazole to form actlve esters. These active intermediates then can be 
reacted in situ with adipfc acid dihydrazide or other bifunctional amines to introduce an amino lin ker. Some bacterial polysac- 
charides possess carboxyl or phosphate groups that might be used for introduction of an amino linker using a carbodiimide- 
mediated chemistry, 5ubsequent coupłing to the carboxyl groups of the carrier protein to obtain the desired glycoconjugate 
can be performed using, for example, a soluble carbodfimide-mediated chemistry. Alternatively, the amino linker incorporated 
into the polysaccharide struć turę can be further derivatized to obtain a bromo-acyl or a mafetmido function that is amenable 
to coupłing with a thioł group that is present or previousiy was incorporated into the carrier protein. 

In some other cases aldehyde groups can be introduced into the polysaccharide structure by reaction of vidnal hydroxyJ 
groups with the oxidizing reagent sodium metaperiodate {NalOJ, Depending on the polysaccharide structure, the NatOj 
treatment can also be used for simultaneous controlled depolymerization and aldehyde group generation. The poły- or oligo- 
saccharides-containing aldehyde groups then can be covalently coupled to łysinę residues and the N-termEnal amino groups of 
the carrier protein by reductive amination in the presence of sodium cyanoborohydride (NaBH^CN) or other redudng agents 
that are selective for Schtff bases. 
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Same manufacturing strategies are based on the controIJed hydrolysis of the native polysaccharides to produce ofigosacchar- 
ides that can be specifically derivatized by a sequence of steps that lead to the introduction of an active ester function at Lheir 
reducing ends. The desired conjugate is then obtained by reaction of the activated oligosaccharides with the łysinę residues 
and W-termmaf amino groups of the carrier protein. 

To ensure a consistent conjugation stoichiometry, and therefore a consistent manufacturing process, manufacturers shouEd 
determine the level of derivatization or activation of the poły- or oligosaccharide intermediates. Appropriate methods for deter- 
mination of the newty introduced Chemical functions into the saccharide structures shouid be in place and could intlude, for 
example, colon me tric or other suitable methods, In cases where the activated polysaccharide is conjugated without fsofation, 
consistency in the degree of polysaccharide activation may also be demonstrated as part of process validation or refiected by 
characteristics of the finał conjugate bufie 

The calculation of the degree of poły- or oligosaccharide derivat!zation may reguire determination of the total saccharide 
quantity that can be achieved by applying, for exampfe, HPAEC-PAD, colorimetric assays, or other suitable methods. In a vali- 
dated process where production consistency has been established, and depending on the conjugation chemistry used and the 
results of clinical triafs, testing may be used as an in-process control. Residual unconjugated linker that could interfere with 
subseguent steps shouid be controlled via measurement or process va(idation. 

Molecular Sizing of Activated, Derivatrzed, or Processed Polysaccharide 

The molecular size and degree of poJymerization of the poły- or oligosaccharide intermediates depends on the particular 
manufacturing process and shouid be measured because these attributes can affect the consistency of the conjugation process. 
Suitable tests shouid be applied to intermediate pools that are selected on the basis of the different manufacturing processes. 
Exampfes of suitable methods for profiling molecular sizes and determining the degree of polymerization of poły- and oligo¬ 
saccharides are: SEC coupled with UV, Rl, or static light scattering detectors; coEorimetric assays based on total and end group 
determination; HPAEC-PAD; or NMR spectroscopy. In a validated process, testing can be used as an in-process controI. 

Degree of Activation of Acttvated Garner Protein 

As mentioned above, some manufacturing procedures for glycoconjugate vaccines may also require activation of the protein 
carrier. This process step introduces into the protein side cliains additional functional groups that react with the poły- or oligo¬ 
saccharide intermediates activated with the proper functional group. En generał, such functional groups are introduced by de- 
rivatization of protein amino acid side chains fike glutamic or aspartic add with a bifunctional reagent (e.g„ adipic add dihy- 
drazide or hydrazine) so that a htghly nucleophilic hydrazide group becomes available for coupling with the polysaccharide. En 
other manufacturing strategies, the łysinę side chains of the carrier protein can be derivatized to introduce different reactive 
groups (e.g v bromo-acyl, thiol, or maleimido groups). Appropriate methods for determination of the newly formed Chemical 
functions introduced into the carrier proteins shouid be in place and may include spectrophotometric assays and mass spec- 
trometry. The calculation of the degree of activation or derivatization of the carrier protein may also require the determination 
of the total protein quantity (e.g., by colorimetric assays or other appropriate methods). In a validated process where produc¬ 
tion consistency has been established, and depending on the conjugation chemistry used and the results of cEinicaf trials, test¬ 
ing may be used as an in-process control. Depending on the conjugation chemistry used (i.e., immediate conjugation after 
activation), consistency in degree of carrier protein actlvation may also be demonstrated as part of process va!idation or refiec¬ 
ted by characteristics of the finał conjugate bulk. 

Carrier Protein Monomer Content 

In some cases the procedures for protein carrier activation or deiwatization may result in a certain degree of covalent aggre- 
gation of the carrier itself, and this shouid be monitored with appropriate tests like SEC-HPIC coupled with static light scatter- 
fng detectron, SD5-PAGE, matrix-assisted laser desorptron-ionization mass spectrometry, or other suitable tests, 

KEY QUALITY IPARAfWSETERS FOR MONOVALENT BULBC CONJUGATE (DRUG SUBSTANCE) 

Conjugation 

Conjugation of the polysaccharide antigen to the carrier protein or protein complex is the critical component of the manu- 
facturing process for conjugate vaccEnes. A generał overview of a conjugation process is presented in (1238). In addition to 
developing a description of critical processing eguipment, reagents, and processing steps, manufacturers shouid provide the 
rationale for the conjugation chemistry selected and the purificatton steps, if any, used to remove unwanted reaction compo- 
nents. Clearance of product-related impurities (e.g., uncon ugated polysaccharide or unconjugated carrier protein) shouid be 
monitored and controlled. 

Depending on the naturę of the manufacturing process, the monovalent conjugate bulks can be considered to be the drug 
substance or can be consrdered a process intermediate. 
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During conjugation, the reactive functional groups present on the polysaccharide antigen are reacted with the functional 
groups located on the carrier protein or carrler complex to form stable, covalent bonds. Many different types of chemistries are 
used, including reductive amination, thio-alkylatlon, or CDAP chemistry. The choice of Chemical method should be based on 
the availabiEity of functional groups, either naturally occurrtng or introduced via an activation or side chain loading process, 
and the ability to eontrol the manufacturing process to produce a consistent and stable product. 

Although the conjugation process may be conceptually straightforward, the process should be well controlled, The process 
typtcally consists of mixing the activated polysaccharide with the selected carrier and allowing the components to react. De- 
pending on the naturę of the Chemical reaction, an additronal Chemical reactant may be needed to complete the reaction or 
stabilize the conjugate product. For exampfe, in the case of reduct*ve amination, it may be necessary to add a reducing agent 
to convert the linkage from a relatively unstable Schiff base to a morę stable secondary aminę* Chemical deactivation or eap- 
plng of residua! reactive groups may also be required. Finally, residual levels of unreacted components such as free protein, 
free polysaccharide, Chemical reagents, and byproducts should be removed from the process via validation or should be moni- 
tored by testing. Regulatory authorities may request stability evaluation of these intermediates because the data may support 
stability predictions for multivalent vaccines for which data collectron is morę difficult* 

To defrne and contro! the conjugation process, the manufacturer should establish targets for process parameters and toler- 
ances for alJ critical process steps where posstbie, including extent of activation, charge ratios for each reaction component, 
reaction time, reaction temperaturę, reaction pH, and mixing conditions* Additionally, tolerances for the purity of each of the 
reaction components should be established, including the polysaccharide, carrier protein, and any Chemical components as 
noted above. 

The common key quality attributes for monGvafent conjugates, the rationale for monitoring these parameters, and suitable 
test methods are described below* 

Polysaccharide Identity 

Polysaccharide identity conftrms that the correct antigen was used during the manufacturing process and that no critical 
epitope was lost during conjugation* Polysaccharide identity should be confirmed using a suitable immunological or Chemical 
method* Examples of immunological methods indude ELISA, immunobiot anaiysis, and ratę nephelometry. The spedficity of 
the test method must be ensured by selection of appropriate reagents* Aitematively, the identity of the polysaccharide can be 
confirmed using a Chemical or physical method such as HPLC, HPAEC-PAD, GC, or NMR if acceptable spedficity can be dem- 
onstrated and it can be shown that the carrier protein does not substantially interfere with the Identification of the polysae- 
charide* 


Carrier Protein Identity 

Depending on the naturę of the manufacturing process and the manufacturing Controls, it may be necessary to confirm the 
identity of the carrier protein, e.g., during a manufacturing process for a multivaient product in which different antigens are 
conjugated to different carrier proteins within the same fadlity. Carrier protein Identification can also be performed using an 
Immunological method such as ELISA or, if possible, an appropriate Chemical method such as peptide mapping (see Biotech - 
nology*Derived Aftides—Peptide Mapping (1055)). If appropriate, the carrier identity can be evaluated In the same assay that is 
used for the identity of polysaccharide* 


Polysaccharide Quantity 

Polysaccharide quantity or concentration must be confirmed for all lots of monovalent conjugate because it is directly rela* 
ted to the product dose* Polysaccharide yield can also be a useful marker for process consistency. A variety of methods are 
avai!ab!e and suitable for use in determining the polysaccharide concentration. These include colorimetrtc methods such as the 
phenol-sulfuric acid, orcinol, and anthrone-sulfuric acid assays and monosaccharide anaiysis foliowing hydrolysis by HPAEG- 
PAD, HPLC with fluorescence detection (HPLC-FD), or GC* Immunological methods that may be suitable indude ELISA or ratę 
nephelometry. The suitability of these methods depends or the availability of appropriate reagents. The choice of method 
should be madę on the basis of precision and accuracy* tnterference from the carrier protein must be avoided. Additionally, 
the chemistry of the polysaccharide antigen should be considered when analysts select the method. For examp!e, the phenol- 
sulfuric acid assay may not be suitable for use rf the antigen is composed largely of amino sugars or sialic acid. Suitable meth¬ 
ods for polysaccharide quantification are listed in previous sections of this chapter. 

Carrier Protein Quantity 

The concentration of the carrier protein must be confirmed for all lots of monovaient conjugate* Conjugate vaccines are typ- 
ically formulated based on the polysaccharide concentration, not the carrier protein concentration* However, the concentra¬ 
tion of the carrier protein is needed to determine the pólysaccharide^protein ratio, a key indicator of process consistency* 
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Analysis should select a test method that is specific for the carrier protein and does not suffer from interference from the 
polysaccharide connponents. Suitable methods may include amino acid analysis (see Bi o te chnology-Derived Artides—Amino Add 
Analysis (1052)), colonmetric protein tests such as the bidnchoninic acid assay or UV absorbance (see (1057) for both types of 
methods), or the protem-specific outputfrom HPSEC witli static iight scattering, Rl, or UV detection. 

Polysaccharide-Protein Ratio 

As noted in Carrier Protein Quantity, the polysaccharide-protein ratio may be an indicator of process consistency. Therefore, 
tolerances should be established for two of the three parameters; polysaccharide concentration, protein concentration, and 
polysaccharide-protein ratio. It is not necessary to establish fimits for al( three parameters because the polysaccharide-protein 
ratio is typically calculated from the measured polysaccharide and carrier protein concentratfons, Because the downstream 
Processing and dilutions usually are based on the amount of polysaccharide present in the monovalent bulks, the limit for the 
polysaccharide content can be based on the minimum concentration reguired for downstream processing. 

Molecular Size Distribution or Integrity or Proof of Covalency 

The molecular size of the conjugate is a key indicator of process consistency. Unusually smali conjugates may indicate in- 
complete conjugation whereas unusually targe conjugates may indicate aggregation and may result in a loss of yield during 
downstream filtration steps. The average molecular size and the size distribution should be measured using appropriate sizing 
methods such as SEC, HPSEC, HPSEC with static Jjght scattering or RJ detection, or analytlcal ultracentrifugation. The choice of 
the method should be madę on the basis of the expected size of the conjugate and the avai!ability of a chromophore for de¬ 
tection. 

Proportion of Free (or Unconjugated) Polysaccharide 

The proportion of unconjugated polysaccharide must be monitored for each lot of monovalent conjugate because of the 
possibility that the presence of a large amount of unconjugated polysaccharide may suppress the immune response to the an- 
tigen. Additionally, the presence of free polysaccharide is a key indicator of process consistency and ts an indirect measure of 
covatent attachment to the carrier. Measurement of the proportion of unconjugated polysaccharide can be used as a stability- 
indicating test if appropriateiy validated. 

To measure the level of unconjugated polysaccharide, analysts must separate the unconjugated polysaccharide from the 
conjugated polysaccharide. This can be achieved chromatographically, or by Chemical precipitation of the conjugate with add 
or detergents, alumrnum adsorption, capillary electrophoresis, gel filtration, centrjfugal u It raf i Jtra tion, solid-phase extraction, or 
immunoprecipitation. The amount of free polysaccharide then can be guantitated using the method that was used to quanti- 
tate the to tal polysaccharide level, if that method is sufficiently sensitive, by UV detection if a chromophore Is present, or by 
immunological or appropriate physicochemica! methods. 

The level of unconjugated polysaccharide must be measured at release and during stability testing because deconjugation is 
a potentia! degradation mechanism. 

Proportion of Unconjugated Carrier Protein 

The !evel of unconjugated carrier protein must be monitored for each lot of monovalent conjugate because this level is a key 
marker of process consistency and is an indirect measure of covafency. To measure the amount of unconjugated protein, the 
unconjugated protein must be separated from the conjugate. This can be done chromatographically or by electrophoresis 
(slab or capillary), Once it is separated, the amount of unconjugated protein can be monitored by UV or by a coforimetric 
method (see (1057)), Method selection should be based on sensitivity, preclsion, and specificity for unconjugated protein. 

Unreacted Functional Groups 

During the conjugation process, reactive functional groups on the polysaccharide react with functional groups on the carrier 
protein. However, the reaction is typically not driven to completion, and a process of capping of remainrng reactlve groups 
may be reguired, depending on the naturę of the residual reactive groups, the conjugation chemistry used, and manufacturing 
process optimization. The method chosen to cap reactive groups depends on the conjugation chemistry employed. Even so, 
some reaetive groups may still remain on the conjugate even afterthe reaction is guenched by reduction, or after remaining 
reactive groups have been chemically capped. Safety concerns, if any, depend on the naturę of the reactlve groups and the 
level of reactive groups that remain. The level of residua] reactive groups should be monitored as a measure of process consis¬ 
tency unless process validation has shown that unreacted functional groups detectable at this stage are removed during subse- 
quent manufacturing processes. Additionally, the presence of residua! reactive groups may affect product stability during stor- 
age. 
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The test method used to evaluate residual reactive groups depends on the activation chemistry that is used and Lhe naturę 
of the polysaccharide antigen. Appropriate methods may include gas ehromatography, HPLC with fluorescence, or UV detec- 
tion following hydrolysis. 

Residual Reagents 

Consisteney in the amount of residual reagents from the conjugation chemistry can be demonstrated during process devel- 
opment, and the process can be valEdated for their clearance, This valrdation inciudes not only unconjugated polysaccharide 
and protein but also buffers, salts, smail-molecule reactfon components, and byproducts generated during conjugation. Provi- 
ded that consistent levels of residual solvents are recovered, such testing may serve as an in-process control. 

Sterility or Bioburden 

Depending on the manufacturing process, the monovalent conjugate bulks should be tested for bioburden or sterility. If the 
monovalent conjugate bulks are subjected to additional process steps with no process holds, in some cases it may be appropri¬ 
ate to perform the sterility or bioburden test af a downstream step* 

Bacterial Endotoxins 

The monovalent conjugate bulks must be tested for bacterial endotoxins. If the monovafent conjugate bulks are subjected to 
additional process steps with no process holds, En some cases it may be appropriate to perform the endotoxin test at a down- 
stream step. 

FORMULATED AND ADJUVANTED (IF APPROPRIATE) CONjUGATE BULKS 

Monovafent conjugate bulks can be individually adsorbed and formulated as monovafent bulks before mixmg during prepa- 
ration of the finał vaccine. 

Adjuvant Content 

If an adjuvant has been added to the conjugate bulk, its content should be determined by an appropriate method, If alumi¬ 
num is used as an adjuvant, typical maximum values are 0.85 mg of aluminum per dose, although higher fimits up to 1.25 mg 
of aluminum per dose may be accepted if justified, and lower limits may apply according to governing agency requirements. 

Polysaccharide Content 

Assessment of polysaccharide content can be required but is often difficult at this stage because of the presence of adjuvants 
or excipients, Severa! methods are avallabie and are suitabie for use in determining the polysaccharide concentratron, These 
Include colorimetric methods such as the phenol-suffuric acid, ordnol, and anthrone-sulfunc add assays; and post-hydrolysis 
monosaccharide analysis by HPAEC-PAD, HPIC-FD, or GC. Suitabie immunological methods include EL15A or ratę nephelome- 
try. If possible, the same method must be used for both this step and the conjugate bulk step, The choice of method should 
be based on predsion, accuracy, and specificity. Interference from the matrix must be avoided. Additionatly, the chemistry of 
the polysaccharide antigen should also be considered when analysts select the method. 

Free (or Unconjugated) Polysaccharide 

Free polysaccharide content must be measured as a release test for monovalent formulated bulk if the free polysaccharide 
cannot be accurately or precisely measured in the finał product. For most appiications, polysaccharide testing is a marker of 
consisteney; le. f it is monitored for each bulk in order to establish production consisteney* The test may be omitted when 
manufacturing consisteney has been demonstrated, or the test can be used as an in-process contro], If free polysaccharide 
could be adsorbed on adjuvant, a desorption step using, for examplą phosphate buffer, may be reguired. The unconjugated 
polysaccharide must be separated from adsorbed and nonadsorbed conjugated polysaccharide. Adsorbed conjugate can be 
removed by centrifugation, and nonadsorbed conjugate can be eliminated chromatographicalty; by chemicai precipitation of 
the conjugate with acid or detergent precipitation or aluminum adsorption; by Emmunochemical precipitation with anti-carrier 
antibodies; by capillary electrophoresis; or by gel or membranę filtration or ultrafiltration* The amount of free polysaccharide 
then can be guantitated using the same method that was used to guantitate the total polysaccharide level if the latter is suffi- 
ctently sensitive and accurate. Quantitative tests for polysaccharide include coionmetnc methods such as the phenol-sulfuric 
acid, ordnol, and anthrone-sulfuric acid assays; and monosaccharide analysis following hydrolysis by HPAEC-PAD, HPLC-FD, or 
GC* Suitabie immunological methods include ELI5A or ratę nephelometry* 
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Results should be expressed as the percentage of unconjugated polysaccharide vs, tbe total content experimentally deten 
mined, or, if this value cannot be determined experimentdly, it may be possible to calcu [ate it from a theoretical value. 

The levei of unconjugated polysaccharide musi be measured during stability studies because deconjugation is a potential 
degradation mechanism. 


Level of Adsorption to Adjuvant 

The level of adsorption in monovalent formulated bulks most be performed as a release test if it cannot be performed on the 
finał product, If it is not a release test then the adsorption test is a marker of consistency, and the test Is performed on each 
bulk in order to establish production consistency. After consistent production has been demonstrated, the test can be omitted. 

After product centrifugatiofl, nonadsorbed conjugate is quantffied in the supematant. The adsorbed conjugate then is quan- 
tified by a surtable validated method, which can be the same test used for the total conjugate content. If the physicai or Chem¬ 
ical method used for the quantification is not specific for the conjugated form of the saccharide, the amount of free polysac¬ 
charide is subtracted from the total polysaccharide tn order to determine the quantity of adsorbed conjugate. Otherwise an 
immunologically specific method can be used (e.g., ELISA). Results can be expressed as the percentage of nonadsorbed conju- 
gate vs, the total content experimentaliy determined. If it is not possible to determine the amount of nonadsorbed conjugate 
experrmentaliy then it may be possible to calculate it from a theoretical value. The !eveł of adsorption to adjuvant musi be 
measured during stability testing. 

Sterility 

The sterility of each lot should be measured according to procedures described in (71) and 21 CFR 610.1 2. 

KEY QUALITV PARAIWETERS FOR CONJUGATE VACCłNE DRUG PRODUCT 

Description and Solubility 

Each Container in each finał fili or drug product should be inspected visuafly (manually or with automatic inspection Sys¬ 
tems), and containers that show abnormalities such as imp'oper sealing, lack of integrity, or turbidity should be dtscarded. 
Similariy, the presence of dumping or particles may indicate a product faifure* 

Polysaccharide Identity 

Polysaccharide identity tests confirm that the correct antigen was used during the manufacturing process. Polysaccharide 
identity should be confimned using a suitable immunologtcal or physicochemical method, e.g., ELISA, immunoblots, or ratę 
nephelometry. The spedfkity of the test method most be en su red by use of appropriate reagents. Acceptable specifidty must 
be demonstrated, and tests must show that the carrier protein does not substantlally interfere with the identification of the 
polysaccharide. Assays based on hydrolysis and chromatographic Identification of saccharide components (e.g., HPAEC) after 
polysaccharide hydrolysis may be acceptable. 


Polysaccharide Quantity 

Typitally, monovalent conjugate vaccines contain 10 pg of saccharide, and mu*tivalent vaccines contain between 1 and 10 
j.ig of each serotype or serogroup per single human dose. Assessment of the content of polysaccharide may be difficult be¬ 
cause of the presence of adjuvant or excipients, especially when multiple components are present. The amount of each poly¬ 
saccharide may be required in order to cafculate the free polysaccharide content and the proportion of unadsorbed conjugate, 
or this Information may be used during processing of the vaccine r s finał formula tion. Polysaccharide quantity or concentration 
must be confirmed for ail types of monovalent conjugates because it is directly related to the product dose. A variety of meth- 
ods are avaitable and suitable for use in determining the polysaccharide concentration [see discussion of polysaccharide quan- 
ti ta tion in the Key Quality Parameters for Monovalent Bulk Conjugate (Drug Substance) section above]. 

Carrier Protein Identity (if Appropriate) 

Depending on the naturę of the manufacturing process and the manufacturing Controls, if the identity of the carrier protein 
has not been confirmed at an earlier stage, it may be necessary to do so before product release. For example, an identity test 
for the carrier protein could be necessary during the manufacturing process for a muitiva!ent product for which different and- 
gens are conjugated to different carrier proteins within the same facility. Carrier protein can be identified using an immunolog- 
ical method such as an immunoblot or ELISA, or using an appropriate Chemical method such as peptide mapping. If appropri¬ 
ate, the carrieris identity can be evaluated in the same assay used to rdentify the polysaccharide. 
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Molecular Size (if Feasibie or Appropriate) 

If the molecular size distribution has not been established for the rndividuaf monovaient bulk conjugates used in the drug 
product formulation, the molecular size distribution of the conjugates must be determined in the finał fili or drug product The 
molecular ssze of the conjugate is a key Indicator of process consistency. The average molecular size and the size distribution 
should be measured using appropriate sizing methods such as SEC, HP5EC, HPSEC with static light scattering or Rl detection, 
analytical ultracentrifugation, or dynamie light scattering, The choice of the method should be based on the expected size of 
the conjugate and the availability of a chromophore orfluorophore for detection. In the case of molecular size distribution 
determinations at the finał fili or In drug products composed of multiyalent poEysaccharides, serotype-specific detection meth¬ 
ods may be requlred for the individual monovałent conjugates. Molecular size is a sensitiye indicator of conjugate stability, 
and, where possible, it should be measured d u ring stability studies. 

Proportion of Free (or Unconjugated) Polysaccharide 

To measure the level of unconjugated polysaccharide, anafysts must separate the unconjugated polysaccharide from the ad- 
sorbed and nonadsorbed conjugated polysaccharide anc interfering substances. If unconjugated polysaccharide may be adsor- 
bed to adjuyant, prior desorption with, for example, phosphate buffer is required, Methods for separation and measurement 
of conjugated and unconjugated polysaccharide are described above in Formulated and Adjuvanted Conjugate Bulks. The level 
of unconjugated polysaccharide Is a stabifity-indicating measurement because deconjugation is a potential degradatlon mech- 
anism and should be measured during stability studies. However, assessing the level of unconjugated polysaccharide and the 
stability of complex muftivalent products is technically demanding, and altemafive approaches to assessing antigen integrity 
indude molecular size, O-acetyf content, or immunoJogical measurement. Spedfic assays may provsde partia! but overlapping 
Information and should be matched to the product Free saceharide data obtained for indiyidual monovalent conjugates may 
also prove valuabłe and predictive. 

pH, Osmolarity/lsotonicity, and Excipients 

If fhe vaccine is a liquid preparation, the pl-i and osmolarity/isotonicity of each finał lot should be tested and shown to be 
within the pre-approved specifications, For a lyophilized preparation, the pH should be measured after reconstitution with the 
appropriate diluent. Resldual moisture in lyophilized products should be determined. See comments above regarding excipient 
functionałity. 

Adjuvant Quanlities (if Appropriate) 

If an adjuvant has been added to fhe conjugate bulk, its content should be determined by an appropriate method. If alumi- 
num compounds (such as aluminum hydroxide or hydrated aluminum phosphate) are used as adjuvants, the amount of alumi- 
num should not exceed 1.25 mg per single human dose or as otherwise required by the governing agency (see also 21 CFR 
610.15). 

Antimicrobial Preservative (if Appropriate) 

During product deve!opment manufacturers should consider the stability of the chosen preservative and possible interac- 
tions between the vacdne components and the preservative. If a preservative has been added to the yacctne, the content of 
preservative should be determined by an appropriate method (see Antimicrobial Agents —Content (341)). The amount of preser- 
vative in the vacdne dose should be shown neither to have any deleterious effect on the antigen nor to impair the safety of the 
product in humans. If present, the amount must be NLT the minimum amount shown to be effectlve and typicaliy should be 
NMT 120% of the amount stated on the la bel. 

Moisture Content (Lyophilized Products) 

If the vaccine is freeze-dried, the average moisture content should be determined by an appropriate method, Values should 
be within lim its established during the products stability studies, Typicaliy, the average residual moisture content should be 
IMMT 2.5%, and no viał should be found to have a residual moisture content of 3% orgreater. 

Sterility 

The sterility of each lot should be determined according to procedures described in (71) and 21 CFR 610.12, 
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Pyrogens and Endotoxins 

Endotoxin (see (85)) content or pyrogenie actiyity (see (151)) should be within approyed product specifications. 

Diluent for Reconstitution of Lyophilized Vaccines 

Manufacturers should generale data that show that adventitious microbial contamination does not grow under the reconsti¬ 
tution conditions (e.g„ with drluents that will be used for reconstitution) or under specified storage conditions, A preservative 
is not normally required for single-dose vials when the product will be used soon after reconstitution, but multidose vials do 
require preservatives. Testing in alignment with (51) is recommended to demonstrate acceptability, but testing may not be 
reguired routinely after process control and consistency have been established. 

General Safety or Abnormal Toxicity 

The generał safety or abnormal toxicity for yaccines should be established by appropriate evaluation and should be consis- 
tent with fevels found to be acteptable in vatdne lots that were used in clinica! trials. 


<1235) VACCINES FOR HUMAŃ USE—GENERAL CONSIDERATIONS 


INTRODUCTION 

Yaccines have been used for centuries to immunize individua!s against pathogenic organisms with the goai of preventEng 
the assodated disease. Yaccines are biological products that contain antigens capable of inducing a specific and active ac- 
quired immune response In the body. Antigens present in yaccines are processed by specialfzed cells in the body's immune 
system, resulting in the development of biood proteins known as antibodies (i.e,, humoral immunity) or specialized iympho- 
cytes (i.e„ cełl-mediated immunity) or both, Therefore immune responses may be antfbody media ted, celi media ted, or both. 
Thus, antigens are critical for vaccine function and generally consist of a portion of the pathogenic organism, or an attenuated 
form of the whole microorganism. In the case of DNA-based yaccines (currentiy under development), the vaccine would eon- 
tam nudeotide sequences (genetic materiał) that encode microbial antigens. 

Examples of types of Ircensed vaccines appear in Appendx 7. A current list of yaccines ticensed in the United States ts posted 
at wwwida.gov/cber/. 

Vaccines can be of various types, depending on their design and processes involved in their manufacture. Vacdnes for hu- 
man use may contain whole killed or attenuated organisms (e.g. # bacteria or viruses) or contain antigens derived from portions 
of a pathogen, either by partitioning and purification or derived using recomblnant technology (Tobie 1). Some polysaccharide 
vaccines are conjugated to a carrier In order to enhance their immune response. 

Table 1, Bacterial and Vlral Va<cine$ 

Uve attenuated whole celi or yirus* 
lnactivated/killed b 
Whole celi or 
Recomblnant proteins d 
Subunit* 

Polysacchandes 

Proteins 

_Modified toxins____ 

11 Uve attenuated bacterial or viral yaccines are weakened (attenuated) form* of a pathogen, They contain antigens that are slmllar to disease-causing microbes. 
They may be derlyed from the pathogen itself, or from a different organism that contains antigens that eross-reatl with ihe vlmlent mlcrobe (e.g., yaednia and 
yariola). 

b lnactivated bacteriaE and viral yaccines are produced by growing cells of dtsease-causing bacteria or yiruses in celi substrates and subseguently inactivating 
them to prevent replication in the recipient. 

c lnactivated/kitled whole-cetl or virus yaccines consist of the entlre mierocrgani&ms after they have been inactivated. Tbese preparatkms may or may not be 
parUafly or completeły purrfied, 

lf Recomblnant protein viral and bacterial yaccines are derjyed from host cells that have been transformed with e?cpression yectors Lhat cany genes that encode 
mtlgentc materiał from infectious agents. The e^pression cells are grown in broreactors to produce the recomblnant antkjenfc materiał. 

0 Subunit yaccines are extracts from inacLivaLed/killed yiruses or bacteria. Subunil-type yaccines generally undergo some degree of purffication. 

In addition to antigen(s), yaccines may contain severat other components, such as adjuvants that enhance the immune re¬ 
sponse to the vaccine antigen, preservatives to prevent bacterial orfungal contamination of multiple-dose vials, or other exci- 
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pients needed for pharmaceutica! manufacturing or vaccine stabilization. Residual eomponents from the manufacturing proc¬ 
ess also may be present in vacctne preparations. Examples of these categories are listed in Tahte 2. 

Table 2. Vaccine Components 

Antigens 

Whole organisms 
Compon en U/subuni is 
Recombinani proteins 
Adjuvants 

Aluminum salts 
Antimicrobiai presera U ves 
Thimerosal 
2-Phenoxyethano1 
Benzethonium diloride 
Phenol 
Stabllfzers 
Saks 

Amino acids 
Sugars 
Proteins 
Other 

Manufacturing residuals 
CeMerived residuals 
Materiais of animal origin 
Antibiotic residua h 
Inactwating cłiernical agenis 
Other 

Different vaecine antigens are often combrned \n one finał fomnulatton In order to elicit immunrty against multipie diseases 
and to reduce the number of separate administrations needed to achieve immunity to the vadous vacdne antigens* 

Despite the multipie forms vaccines may take, several common features characterize the manufacture and tesling of vac- 
cines. This chapter focuses on commonalities throughout the manufacturing process, from raw materiał qualifications to finaf 
reiease tests. 


Regulations and Standards 

Vaccines are regulated by FDA as biofogicaf products. The generał reguirements are listed in national laws and international 
guidances. For the U*S., national requirements are codified In 21 CFR, the 200 and 6G0 sections, with additional recommenda- 
tions availab!e in FDA Roints fo Cortsider and Guidance documents (www.fda.gov)* International guidances are available from 
the International Conference on Harmonization (ICH) (www.ich.org; see Appendix 2) and the World Health Organization. New 
methodotogies are continually being developed and validated and will be induded in USP as they become availabfe. Reference 
standards are available from USP and FDA* 

OVERALL MANUFACTURING PLAN 

When considering the overall plan for manufacturing a yaccine, manufacturers need to consider the following factors: 

* Physical facilities; 

* Raw materiais and process ards; 

* Actual manufacturing process, including 

a- initial process (production of virus/bacteria and recomblnant materiais); 
b. downstream processes (purification or Chemical modification, if applicable); 

* Antigen modifications such as conjugation or toxoiding; 

* Storage of process intemnediates and finał bulk; 

* In-process and finał product testing regimens and control schemes; 

* Addition of adjuvants, if applicable; 

* Formulation and filllng; 

* Gonta iner-closure system; and 

* Stability program that supports the datmg period of the product* 
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Quality Systems are needed to support the following manufacturing process development: specifications for raw materials, 
process intermediates, and finai product; change control; and failure investigations and complaints. Ali of these elements are 
important in the life cycle of the vaccine product 

The overall goal of a comprehensive manufacturing program is to consistently produce a vacdne that is safe and effective. 
Concurrently with clinical development of the vaccine, the manufacturing process is refined and the process and testing meth- 
ods are va!idated for consistency. This includes systems to control changes to the process or inputs, Manufacturers should ex- 
pect that changes will be required during the vaedne's manufacturing life cycle, and manufacturers necessarily will use data 
from development and routine manufacturing to assess the process as weil as proposed changes, The manufacturers should 
adopt systems that continualfy evaluate all aspects of manufacturing to identify unantrcipated changes in vacdne guality and 
to assess them as guickly as possible. 


Manufacturing Facilities and Systems 

Manufacturers should have a generał iayout of manufacturing facilities, including diagrams that show the following: flow of 
raw materials and process Inputs; movement of product, intermediates, waste streams, and personnel; and airflows and pres- 
surization leve!s, These diagrams assist in minimizing the rfsk of potential product contamination from various sources. These 
sources can indude cross-contamlnation from other products, contamination from different batches of the same product, and 
extraneous contamination from microorganisms and personnel. Evaluation of the fłow diagrams can assist with strategies for 
development of engineering Controls, personnel procedures, and monitoring systems to enable compliance with Cood Manu- 
facturing Practices (GMPs), Analysis of potential risks may also provide insights about what information should be recorded in 
batth documentation to facilitate consistent manufacture and also to facilitate failure investigations, Together, physical facili¬ 
ties, procedures, personnel, training, and ąuality systems make up the GMP environment in which a vaccine wili be produced, 

Manufacturing Process 

The manufacturing process includes process inputs soch as raw materials and processing aids and unit operations compris- 
ing both the initial and downstream processing steps, A process flow map for the manufacturing process is useful and assists in 
validation of the manufacturing process. This map shows alf unit operations, the inputs to each operation, and the outputs to 
subseguent manufacturing steps, Analytical testing done at relevant steps and the specifications reguired to proceed to the 
next stage of processing may be added to the map. A process map also supports a processing space to facilitate a rugged 
process, i.e,, one based on suitable characterization studies to establish boundaries within which manufacturing can occur to 
promote unchanged safety and efficacy outcomes. 

The process flow map should indude all steps from making the seed/cel! bank (described below) to formulation and filling 
of the finał product. The vałidation strategy should indude the steps that reguire validation, along with Identification of the 
process space, assodated critical process parameters (CPP), and critical ąuality attributes (CQA). The critical process parame- 
ters are those that directly affect core quality attributes needed to successfulty manufacture a batch of product. Some manu¬ 
facturers identify other processing parameters that are important for processing but do not affect critical guality attributes. 
These important but noncritical factors help identify the process development space, can contribute to the development of a 
rugged process, or can be useful when the company assesses processing deviations. The concepts of quality by design and 
exploration of the process space are relatively new to the biologics/vacdne industry but are becoming considerations for the 
overall development-pianning process. 


Manufacturing Surveil!ance 

Manufacturing surveilłance is the continual observation of how the process and the resulting product are performing. This 
section is not exhaustive; rather, the points raised here outline the types of considerations recommended for a manufacturer 
during development of a vaccine, Manufacturing surveillance includes the following: 

* Periodic review of the performance of the manufacturing process; 

* Analytical assays; 

* Stability programs; 

* Product complaints; 

* Adverse event reports; 

* Product failure invest!gations; 

* Atypical or deviation events, 

Taken as a whole, these activities allow a manufacturer to assess the State of the process and product and to evaluate which, 
if any, operations need to be modified, These same systems also provide a surveillance matrix to evaluate changes, In any of 
these programs it is also valuable to develop additional charactehzation assays that are not used for process intermediate or 
product release purposes but may be used for further evaluation when additional information is needed or desired. These addi¬ 
tional assays for characterization are often based on different underlying analytical procedures to provide different ways to 
evaluate materials. 
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Routine survetilance processes are increasingly implemented to attempt to detect changes in processes before any critical 
quality atfributes are adversely affected* Not alt vacdne processes tan be characterized to the same extent or level (e.g., a live 
yirus yaccine vs. a recombinant protein yaccine), and statistical tools are often used to determine alert or action levels in sur- 
veillance programs, Exceeding these leve!s regulres the manufacturer to evaluate the situation but does not necessarily srgnal 
product failure. 

GMP manufactunng entails facility design, process development, guafity systemy and manufacturing surveiliance. Together 
these systems help the manufacturer to contro! the production of a vaccine. As noted, many types of vacdne are marketed, 
and each has its unique features and therefore requires different plans for each of the steps mentioned in this section, 

SEED LOT SYSTEMS 

Seed lots are the stocks of spetifit strains of bacteria, yiruses, or biotechnology-engineered cells used to express yaccine anti- 
gens. AU seed lots should be documented in terms of their isolation, derivation (or construction, In the case of recombinant 
vector or engineered celis), and passage history. The purpose of a seeddot system, which typically indudes master and work- 
ing stock seeds, and assoeiated master and working celi banks, is to help ensure the consistency of vacclne manufacturing, The 
use of master and worldng seed lots provides a method to limit the replication of the seed and to minimize the possibility of 
genetic variation. 

A master seed lot is a physically homogeneous preparaEion deriyed from an odginał seed processed at one time and passag- 
ed for a limited number of times. The master seed lot is characterized for its biological, biochemical and genetic eharacteristics, 
and to ensure its purity, its freedom from adventitious agents, and its dintcal ability to produce an effective yaccine. 

Gultures from the working seed lot should have the same charactenstics as the master seed lot from which they are derived. 
For influenza yacdnes, which may be reformutated with rew virus antigens each year, certlfied seed lots can be obtained from 
national regulatory agencies. 

A working seed lot is denved from the master seed within a limited number of passages. The working seed is tested to en¬ 
sure its purity, freedom from adventitious agents, and biochemical properties, The working seed is used for production of vac~ 
cine without intervenrng passages. 

Bacterial Vaccine Seed Lot System 

In the bacterial seed fot system, a master seed is subcultured to produce a working seed one passage beyond the master 
seed, An aliguot of the working seed is then expanded to produce a vaccine Lot. The strain(s) used for the master seed lots are 
identified by historicaJ records that include Information about their origin. Information about the bacterial seed fot system 
should include source, passage history, and raw materials to which it was exposed, with specific emphasis on raw materials of 
ruminant origin, Seeds should be stored at an appropriate temperaturę in morę than one location within a facility or at a dis- 
tant site in order to decrease catastrophic risk. 

Identity tests may Include inoculation onto suitable biochemical media, Gram stains, genotype, and serofogical Identification 
with suitable specific antisera. Special fests may be added, for example, to show culture viability but also lack of yirulence. 

Purity of the bacterial strains used for seed lots is yerified by methods of suitable sensitivity to ensure that no adyentitious 
agents are present These purity tests often are performed in the presence of the seed under conditions where growth is inhibi- 
ted by the presence or the absence of specific nutrlents. Streaking can also be used to show that the cultured seed is a pure 
culture. 


Viral Vaccine Seed Lot System 

The derivation and passage history of yiral seeds should be recorded in detarl. Any manipulation of the yiral phenotype (e.g., 
cold adaptatlon, deveiopment of temperaturę sensitiyity, or attenuation of yirulence) or intentlonal genetic manipulations 
(e.g., reassortment or recombination) should be documented. 

These viraf seeds are commonly differentiated into a master viral seed and working vtra! seeds or working viral stock. Viral 
seeds should be stored at cryogenic temperatures to promote stability and in morę than one location within a facility or at a 
distant site to decrease catastrophic risk. Manufacturers should assess the following charactenstics of the vira! seed stock; 

* Growth charactenstics on the intended production celi substrate, 

* Tissue tropism; 

* Genetic markers; 

* Identity (for recombinant vectors); 

* Viability during storage, 

■ Genetic stability through production; 

* Attenuation properties; 

* Purity; 

® Absence of adyentitious agents. If attenuation or derivation is achieved by passage through different species, the viral 
seed should be assessed for absence of adyentitious agents common to those species. 
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The master viraJ seed should be extensively characterized to demonstrate the stability of genotype and phenotype for a 
number of passages beyond the level used in production. Generally, during assessment of genetic stability, a master seed urv 
dergoes a minimum of five passes beyond the passage that will prbduce the finał vacdne. 

Tests should be performed for identity (e.g,, seguencing the entire virus or a portion of it), adventitious agents, viraf pheno¬ 
type, genetic stability, and, if appllcable, agents that might be present in the seed as a result of Its passage history. Vira! phe¬ 
notype can be assessed further for tlssue tropism, attenuation properties, and temperaturę sensitMty. Not all of these tests 
may be necessary for every viral seed strain. 

In some cases the viraf seeds may have a broad host rangę and therefore may reguire neutralization of the yaccine virus 
before they are tested for adventitious agent(s), if possible, testing for adventitious agents should be done without neutraliza- 
tion in order to avoid an antiserum that may inadvertently neutralize an adventitious agent present in the seed. Sometimes it is 
not possible to effectively neutralize a viral seed, and in such cases alternative strategies can be used. For example, the test can 
be performed in a celi substrate that does not permtt reptication by the vaccine virus, However, such a substitution of the sub- 
strate celi may compromise the test's sensitivity for detection of other adventitious agents. Therefore, the tests may be supple- 
mented with use of polymerase chain reaction (PCR) assays. 

Assessment of neurovirulence may be appropriate if the virus is known to be neurotropic Manufacturers should consult with 
regulators about appropriate animal models, methods, and scoring systems for this assessment before they initiate such stud- 
tes< For viruses that are neurovirulent or may revert to neurovirulence (e.g., polioviruses), it may be necessary to assess neuro- 
vfrulence beyond the master seed. 

If the master viral seed is well characterized, the working viral seed may not require extensive characterization, For example, 
it may not be necessary to repeat testing for all the relevant viruses from the derivation history. 

Systems for Biotechnology-Engineered Vaccines 

For a vaccine produced via a biotechnology-engineered cell-expression system, a master seed lot or a master celi bank will 
be established during product development. The seed lot or celi banks should be homogenous, which is often accomplished 
by Irmiting dllutions. The seed lot or celi bank system should be characterized in a manner analogous to that used for the celt 
substrate discussed In the next section, and additionaj tests can be used to demonstrate the genetic stability of the expre$sion 
system. 

FERMENT ATION AND CELL CULTURE MEDIA 

A medium ts the materiał in which an organism is grown and amplified in guantity to produce mass materiał for vaccine 
production. Its composition is diverse and depends on the celi types that the medium supports, ranging from welhdefined 
Chemical media to chemieally undefined media that contain natural components such as sera from animal origin (see Bovtne 
Serum (1024)). Culture media should be suitable for their intended purpose and should be free from adventitlous agents and 
known undesirable components such as toxins, allergens, and similar compounds. If undefined ingredlents are necessary, the 
amount should be kept below levels that are demonstrated to be safe for the finał product, 

Fermentation Media for Bacterial Growth 

The nutrients consist of materials like proteins, sugars, inorganic tracę elements, amino adds, and vitamins needed for bac¬ 
terial growth. The protein component may be as simple as free casein {milk protein), or rt can be as complex as extracts from 
bacterial, plant, or animal sources- Any fermentation nutrients of animal origin are sourced carefully and tested for adventrtious 
agents. The composition of a medium is often customized to optimize product guality attrlbutes. Medium components that 
are known to cause allergtc reactions should be avoided. 

Media for Celi Culture for Viral Vaccines 

The types and composition of media used for isolatlon and all subseguent culture of components of viral vatdnes need to 
be recorded in detali. Chemieally deffned media without materials of animal origin are preferred. The medium should be tes¬ 
ted for sterility and sultabifity for the cells used In product production, If materials of animal origin are used, they are assessed 
for freedom from adventittous agents. If human albumin is used in a U.S.-licensed vaccine, it musi be licensed by FDA, The 
finał product should be within specified limits of residua! medium components such as serum, antibiotics, seiection agents or 
reagents added for growth enhancement. 

Media for Biotechnoiogy-Engineered Cells 

The requirement for media used for the fermentation and propagation of biotechnology-engfneered cells is the same as that 
noted above for bacterial fermentation and celi culture growth. 
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PROPAGATION AND HARVEST 

The propagation and harvest phases follow the manufacturing proeess from the initiation of celi growth in the working celi 
bank to the separatŚon of the cmde drug substance. In addition, in these manufacturing proeess steps, raw materials, media, 
and Solutions should be qualrfied for their rntended use. Batch numbers should be dearly assigned as needed, and the relation- 
ship between component harvests and batches of indivtdual drug substances should be recorded clearly. 

Propagation and Harvest for Bacterial Vaccines 

Propagation of bacteria for bacterial vacctnes is perfomned under specified conditions for the inoculum preparation and the 
fermentation phases. łn-protess monitoring and testing should be conducted for quality assurance. Ali Controls and testing 
performed after production (e.g., purity, viability, antigen yield, and phenotypic tdentity) should be documented, The first 
step of drug-substance recovery is han/esting from the bioreactor. A variety of equipment is available, and the proeess equip- 
ment used depends on the naturę of the proeess. Procedures should be established to ensure containment and prevention of 
contamination during han/esting and to monitor bioburden (indudtng acceptance criteria) orsferility. The storage conditions 
and the stability time limit for the harvest materiał should be described. For most bacterial vaccines, an inactivation step is 
necessary. Personnel involved in bacterial inactivation should consider the following: how celi culture purity is verified after in- 
activation, whether culture purity should be defined before inaotivation, choice of the inactivation agent, and validation of the 
procedure(s). 

Propagation and Harvest for Viral Vaccines 

The manufacturing of viral vacdnes using eukaryotic ce'l culture includes a two-phase production proeess. The first is the 
expansion of the celi cultures used as a substrate for viraI replication. The second phase includes the initial virus infection and 
subsequent replication and virus production. 

CELL SUBSTRATE GROWTH PHASE 

The celi substrate expansk>n proeess for viral production is the phase designed to prepare the cells in a physiologitai State 
appropriate to sustain virus growth. Celi substrates often require complex animal-derived supplements such as serum. The 
source and testing reguirements of bovine serum are subject to regulatory requirements (see Bovine Serum (1024)). 

VIRU5 PRODUCTION PHASE 

Re!ative!y few celi types have been used as substrates in U.S.-licensed viral vaccines, but these indude primary cells (e.g., 
certa in cells derived from monkey, chick, or mouse tissue), diploid celi lines (e.g., WI-38, MRC-5, or FRhL-2), and continuous 
celi lines {e.g,, Vero). Vaccine manufacturers have optlmized nutrient requirements, growth factors, and serum concentration 
to support robust growth and strong virus productMty for these celi lines. 

PURIFICATION 

The objective of the purification steps is to remove as much as possible of the impurities in the initial harvest and to maxi- 
mtze the purity of the finał vaccine product Proeess residuals may consist of materials from the culture medium and/or cellular 
components. Purification procedures should be optimtzed and validated. When applicable, viral clearance steps (viral removal 
or inactivation) should be induded and validated using relevant model viruses. Special considerations are observed depending 
on the types of vaccines and production system used, as discussed below. 

Bacterial Fermentation 

Bacterial fermentations are typically highly productive and yield large amounts of biomass. For bacterial subunit products or 
recombinant components expressed by bacteria, fermentation can produce very high concentrations of the desired active in- 
gredient, Manufacturers should initiate culture purity testing before further processing. 

LIVE BACTERIAL VACCINE5 

Live bacterial vaccines such as Baciilus Calmette-Guerin (BCG) and Salmonella typhiJylla are relatively fragile as plwma- 
ceutical products and therefore tolerate only fairly gen tle purification approaches, If osmotic and shear forces are constrained, 
then the integnty of the bacteria usually can be maintained. 
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INACTIVATED BACTERIAL VACCINES 

At present no inactiyated whole-cell bacterfal yaccines are licensed for use in the U.S. 

PURIFJED BACTERIAL ANTIGENS 

Purification of bacteriai components (e.g., proterns, toxms, and polysacchandes) generally requires celi disruption. Morę se- 
lective purification methods can be used to remove culture media and bacteriai fmpuritfes and to achieve high purity of the 
target bacteriai component. 


Biotechnołogy-Engineered Cells 

Of special concern in the purification oi recombmant-derived yaccine components is the issue of residual host celi compo¬ 
nents that could produce an adverse immunogenic response in patlents. This response could be exacerbated by the presence 
of yaccine adjuyants. 


RECOMBINANT YIRUS-LIKE PARTICLES (VLP) 

Formation of VLPs can coincidentally result in incorporation of host celi components (e.g., DNA) into the ąuaternary struc- 
ture of the mofecular assembly, resulting in a class of impurities that has a tight association with the active pharmaceutical 
ingredient. As a result, modern approaches to YLF production in sorne cases include a disassembly step that dissociates impuri¬ 
ties from the viral proteins. This procedurę is folfowed by a reassembly step that reforms the VLPs in the absence of the host 
components. Liquid-phase extractions and chroma tographic procedures can be used to provide high-purity components for 
use in yaccine products with no substantial risk of carrying over significant residual host components. 

Viral Vaccines Derived from Celi Culture 

VIRAL VACCINES DERIVED FROM CONTINUOUS CELI LINES 

!f a continuous celi linę (e.g., Vero) is used for yaccine production, a yalidated filtration step is necessary to separate virus 
from intact cells. The quantity and size of any residual host celi DNA also should be determined (see generał Information chap- 
ter Nudeic Acid-Based Techniques—Approaches for Detecting Tracę Nudeic Acids (Residual DNA Testing) <1130)). Currently, 10 ng 
of host celi DNA is permitted per dose of a parenterally adminrstered yaccine, and regulatory agencies continue to consider on 
a case-by-case basis the level of risk posed by host celi DNA for vaccines that are admmistered by other routes (e.g., nasal or 
orał). Multiple purification methods to reduce the size and amount of residual host-cell DNA present in the yaccine are desira- 
ble and include steps such as treatment with DNAse, diafiltration, ul trafił tration, and column chromatography. 

YIRAL YACCINES DERIVED FROM HUMAŃ DIPLOID CELL CULTURE 

FDA has licensed several yaccines madę using human diploid cells. The two most commonly used diploid celi lines are 
MRC'5 and WI-38, both of which are deriyed from human embryomc cells and have the norma! diploid number of human 
chrom osom es. They are wrdely used to manufacture yaccines because they have been shown to have no tumorigenic or onco- 
genic potential and have been shown to be susceptibie to a wide rangę of human yiruses. Howeyer, unlike continuous celi 
fines that can be passaged indefinitely, human diploid celi lines are capable of attaining oniy a certain number of population 
doublings, after which they experience a rapfd decltne in their abtllty to proliferate. This issue is managed by freezing multiple 
afiquots of master and working celi banks, 

VIRAL YACCINES DERIYED FROM PRIMARY CELL CULTURE 

Like diploid cells, primary cells normally are not tumorigemc or oneogenre, However, when primary cells are used to manu¬ 
facture live yaednes, the donor animals from which the primary cells are obtained are extensively tested for a yariety of patho- 
gens before belng used. For example, chicken flocks used to prepare chicken embryo kidney cells undergo extensive serologi- 
cal testing for adventitious agents before the flock can be used to prepare the cells. Some of these tests are desoribed in the 
Codę of Federal Regulations (CFR, see the sections listed in Appendix 2) and the USP generał Information chapter Virology Test 
Methods (1237). 


Vira! Yaccines Derived from Chicken Eggs 

The embryonated chicken egg is a highly productive growth substrate for certain yiruses, such as those used to make yac¬ 
cines foryellow fever and seyeral influenza yaccines. In the case of influenza yaccines, yaccine yjrus is haryested from egg allan- 
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toic fluid. In the tase of yeliow fever vacdne, the vaccine virus is harvested from embryo tissues. Thereforą residual egg or 
embryo components are special considerations in vaodne purification. 

Egg-based vacdne production, like alf biomass expansions, reąuires care and ąuality contro! of the virus seed lots and egg 
substrates to avoid contamination with other organisms. 

LIVE ATTENUATED VI RUS YACCJNES 

Viruses for live vacdnes {e.g,, yeliow fever or live influenza) are produced using Spedfic Pathogen-Free (SPF) eggs. These 
eggs are produced by chicken flocks that are regulariy screened for avian pathogens (e,g,, avian leukosis vims) and are maim 
tained using appropriate animal husbandry practices, To preserve the tnfeclivity and antigenk integrity of the vacdne viruses 
while removing egg-derived components, refatively simple, mild methods (e.g,, zonal sucrose gradient centrifugation and dia- 
filtration) are used for vacdne virus concentration, purification, and buffer exthange. 

INACTfVATED WHOLE VIRU5 YACCINES 

Viruses for inactkated vaccines can be produced using non-SPF eggs because of required Chemical inactivation steps in the 
manufacturing process. Because the vaccine virus needs to be retained intact while removing egg-derived components and 
inactfvating Chemicals, relatively mild purification and concentration methods (e.g, y zonal sucrose gradient centrifugation) are 
used, If Chemical agents are used in the process, they should be mtnimized in the finał product to below prespecified ievels, 

SPLIT VIRUS AND PURIFIED SUBUNIT YACCINES 

Viruses for Split virus and purified subunit influenza vaccines are produced tn non-SPF embryonated eggs. lnactlvation and 
purification of vaccine viruses are achieved by Chemical treatment {e.g., formaldehyde or ^-propiolactone) and zonal sucrose 
gradient centrifugation, respectively. Split virus vacdnes are prepared by disruption of vaccine virus particles using a detergent 
(e.g., sodium deoxycholate) that preserves antigenk integrity. 

INTERMEDIATES 

Intermedlates are deffned here as the unformulated active (immunogenlc) drug substances that are processed before finał 
formulatlon and can be stored for long periods of ttme before further processing. These intermediates can be stored and 
should be induded in a formal stability program. Examples of intermediates include bulk polysaccharides, purified recombL 
nant proteins (concentrates), and conjugates. 


Production of Intermediates 

Intermediates are manufactured from starting materials by one or a combinatlon of different processes (e.g., fermentation, 
cultivation, isolation, or synthesis). Subsequent steps of the procedurę involve preparation, characterization, and purification, 
eventually resulting in the drug substance* Qualrty Systems documents are adopted for production and all applicabie Informa¬ 
tion should be recorded in a controlled document (Le., a batch record). When applicabie, stability studies and release tests 
should be performed before proceeding to the next steps (see beiow). 

Tests for Intermediates 

The quality attributes of the intermedia te are commonly tested in conjunction with further Processing, Characterization be- 
yond release testing should be considered. Characterization methods can use appropriately quallfied procedures. Sorne tests 
are routinely performed before the intermediates are converted to the finał bulk, depending on individual vaccines T 

If intermediates need to be stored and/or subseguently shipped to a different location for further processing, the stability of 
these materials should be demonstrated. Stability tests can be a combinatlon of both physicochemical analysis and biologkal 
assays. 


FINAŁ BULK 

Finał bulk is the bulk drug product that contains the drug $ub$tance(s), exdpients, and other ingredients at desired concen- 
trations and is ready forftlfing into individual containers. 
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Production of Finał Bulk 

Appropriately controlled amounts of all rngredients are blended to uniformity to produce the finał bulk. The processing may 
include one or morę steps such as buffer exchange and addition of difuents, bulking agent, stabiiizing excipient$, adjuvants, 
and preservatives. Finał bulk may be prepared aseptically or processing may include a sterilization step, 

Tests for Finał Bulk 

The guality attributes of the finał bulk should be tested. Appropriate testing should be performed willi respect to identity, 
purity, potency, sterility (see Sterility Tests (71}), and antlmicrobial effectiveness (see Antimicrobial Effectiveness Testing (51)}. 
Tests demonstrating safety, łf applicable, are performed. The list includes, forexample, tests for the absence of adventitEous 
agents, mycoplasma, and other microorganisms. 

Testing is required for specific process-rdated and product-related impurities, depending on the vaccines being manufac- 
tu red. In addition, tests are reguired for the bulking agent, stabiiizing excipients, adjuvants, and/or presen/atives, if used. A3I 
the testing should be done accordlng to respective standard operating procedures (SOPs), and all tests should have spedfica- 
tions (or provisional specifications, where applicable)* 

Stability Test for Finał Bulk 

If finał bulks are stored and/or subseguently shipped to a different focation for further processing, the stabiiity of these matę- 
rials should be demonstrated. Stability tests can be a combination of both physicochemical anafysis and biological assays. Im- 
plementation of a stability program is reguired for formal stability studies, and the studies shoufd be executed according to a 
protocol that contains detailed Information about types of tests, including spedficatlons, testing intervals, and data and analy- 

SIS. 

FINAŁ CONTAINER 

A finał Container of vaccine contains the active ingredient(s) (Le*, antigen(s)) as well as additional components, such as sta- 
bilizers, adjuvants, or antimicrobial preservatives, They also may include residua I materiais from the manufacturing process. 

Excipients and Other Additives 

In addition to specific antigens, vaccines often include excipients and other additives that are intentionally added to the vac- 
cine by the manufacturer for a specific purpose* These include adjuvants, antimicrobial preservatives, and stabilizers. Vaccines 
also contain manufacturing residuals, which are tracę amounts of various components used during manufacturing* Thus, the 
combinations of these components comprise and define the complete vacdne product Manufacturers must adhere to regula- 
tfons governing permissibJe llmits of such components, as indicated in the producfs license, 

AD)UVANTS 

Adjuvants are agents incorporated into vaccine formulations to enhance and increase the immune responses generated by 
the vaccine antigens* Specifically, they can increase the amount of antibody produced, direct the immune response (Thl or 
Th2), increase the duration of antibody presence (persistence), or produce a combination of these effects* 

Aluminum compounds have iong been the most widely used adjuvants woridwide. Two methods traditionally have been 
used for combinmg aluminum adjuvant to antigen to form aluminum-adsorbed vaccines, The ffrst involves the addition of the 
antigen solution to preformed aluminum precipitate. The second involves the addition of an antigen to aluminum in solution 
and the addition of a compound that wfll coprecipitate the aluminum salt and the antigen in situ* Solutions of aluminum po- 
tassium sulfate, known as alum or aluminum chlonde, have been used together with phosphate salts as precipitating agents* A 
number of aluminum adjuvant formulations are used in vaecines. 

Tests for aluminum are based on metal detection tests described in the generał test chapter Aluminum (206), Regulations 
limit the amount of aluminum permitted in a dose of vaccire* The Codę of Federal Regulations [21 CFR 610.15(a), fngredients, 
preservatives, diluents, adjuvants] States that 'The amount of aluminum in the recommended indMdua! dose of a biological 
product shall not exceed: 

1.0.85 milligrams if determined by assay; 

2* 1.14 milligrams if determined by calculation on the basis of the amount of aluminum compound added; or 

3,1.25 milligrams determined by assay provided that the data demonstrating that the amount of aluminum used is safe and 
necessary to produce the intended effect and are submkted to and approved by the Director, CBER [Center for Biologits 
Evaluation and Research at FDA]/' 

The third cnterion above alfgns U,S, regulations with World Health Organization guidance for aluminum content in a single 
human dose of a vaccine product 
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Notę that adjuvants are not licensed by themselyes; they do not constitute a product Rather, a vaccine consfsting of specifłc 
antigen(s) and an adjuvant are licensed together as a drug pro duet. 

ANTIMICROBIAL PRESERVATIVES 

In the case of multiple-dose containers, antimicrobial preservatives are added to inhibit the growth of microorganisms that 
may be introduced from repeated puncture of multidose viafs. With cerlain exceptions, a preservative is required to be present 
in vatcines marketed in multidose containers [21 CFR 610.15{a)]. Exceptions inciude yellow-fever vaccine; measles, mumps, 
and rubella (MMR); and dried vaccines when the accompanying diluent contains a preservative, 

The microbial preservatives currently used in vaccines are thrmerosal, 2-phenoxyethanoł, benzethonium chloride, and phe- 
noL These agents must pass the appropriate antimicrobial effectiveness test, as described rn Antimicrobiai Effectiveness Testing 
(51 >. Antimicrobial test chaflenges should be conducted as part of the norma! forma! stabllity program, including at expiration 
datę. Various tests for preservatives can be found in Antimicrobial Agents—Content {341}. 

STABILIZERS 

The primary purpose of stabilizers is to protect certain yaednes from adverse conditions soch as heat or to serve as a eryo- 
pre$ervative during the lyophillzation process, usually the freezing step. The particular materials chosen for this purpose in¬ 
ciude sugars (e.g., sucrose or lactose), amino acids (e.g., glycine or glutamic acid [monosodium salt]), glycerol, and proteins 
(e.g., human serum albumin [HSA] or gelatin). Materials snoufd be customized to a specific vactine formulation and selected 
with patient safety in mind. 

When a protein is chosen as a stabilrzer, two main safety concerns arise. One stems from the source of the protein: animal or 
human origin raises the possibility of the presence of an adventitious agent. The second concern is the possibility of an allergic 
reaction in persons sensitized to that protein. This should be eva!uated as part of the dinical program during vaccine deyelop- 
ment. At present two proteins are used as stabilizers for yaednes: HSA and gelatin, FDA requires that any serum-derived albu¬ 
min used In manufacturing be U.S.-licensed HSA, FDA guldance further recommends that a statement indicating the source 
and related risks appear in the ''Warnings" section of the labeling for HSA-containing produets. 

Gelatin or processed gelatin also is used as a vaccine stabilizen The gelatin source may be either bovine or pomne. Although 
the conditions of manufacturing gelatin are harsh (i,e v the product ts subjected to extremes of heat and pH), there remains a 
concern with bovine sources about the presence of the transmissible spongiform encephalopathy (TSE) agent, because this 
agent is known to resist such conditions. Therefore, if gelatin added to a vaccine or used in manufacturing ts from a bovine 
source, the materia! should have the appropriate documentation certifying that it comes from a country or region that is in 
compliance with TSE guldance for industry. 


MANUFACTURING RE5IDUALS 

Yaednes may contain residua! amounts of any of the materials used In the manufacturing process. These materials are 
termed manufacturing restduals. As a genera! principle, it is not posstble to remove a particular substance completely, nor is it 
possible to conclusively demonstrate that a particular substance has been completely remoyed. Therefore the goal is to reduce 
these substances to an undetectable levei, using a sensitive and yalidated anaiytical methodology. Some produets are tested 
for pyrogenic substances as a manufacturing residua! (see Pyrogen Test <151»; and, if the product is freeze-dried, it should be 
tested for residual morsture (see Loss on Drying(7 31)). Resdual leve!s of manufacturing materials, including, if applicable, inac- 
trvating agents, should be justified. The release specifications of these components are required as part of the approved fi- 
cense. 


CELL-DERJVED RESIDUAL5 

Live attenuated bacterial vaccines are not usually subfect to a high degree of postexpansion purification. But killed bacterial 
component yaednes typically undergo significant purification to reduce ce!l-derived resfduals. Common cellular components 
to be reduced are proteins, nudeic acids, and polysactharides, Assays for these components are routinely conducted, if appro¬ 
priate, to ensure purity, A common residual in bacteria! yaednes madę from Gram-negatiye bacteria is Itpopolysaccharide 
(LP5), commonly known as endotoxin. Endotoxin testing is performed during the manufacturing process for any Gram-nega- 
tive bacterial yaccine. In the case of Gram-positive bacterial vaccines, the endotoxin testing should be conducted to ensure 
that no contaminants from Gram-negative bacterial growth are present. Aiso, there must be a release specification for this re- 
sidual, Two tests are currently used to detect LPS in biologica! produets, the Limulus amebocyte lysate (LAL) test (see Bacterial 
Endotoxins Test (85)) and the rabbtt pyrogen test {see Pyrogen Test (151)). The Limulus lysate that is used to test for bacterial 
endotoxin in FDA-regulated produets is itself a U.S.-licensed product. The rabbit pyrogenicity test requires the use of animals 
and is morę diffkult to perform; therefore, it is not empfoyed to the extent that the LAL test is used. 

Yiral vacctne manufacturing requires celi substratesto produce the viruses, which are then taken through purification pro- 
cesses. Generally, kitled vira! vaccines are morę highly purified than are five attenuated ones. Dependtng on the method used 
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to manufacture the vaccine, manufacturers work with FDA to develop prudent spedfications for the finał vaccine. Animal-de- 
rived host cells have been used extensively in vaccine manufacturing, particularly vfral vacdnes. For exampie, influenza and 
yelfow fever vacdnes are produced, respectively, in egg allantoic fluid and chicken embryos. Mumps, measles, and some rabies 
vaccines are produced in chick embryo celis. The labels of these products must State that residual chicken proteins may be 
present in the finał vaccine, and the label may indicate how much is presenL Further, the label also urges practitioner caution 
when vaccinating a person with known hypersensitivity to eggs. 

Two U,S.-ltcensed hepatitfs B vaccines are based on recombinant DNA-derived proteins expressed in yeast cultures. In both 
cases, the tabels notify health care professionals that yeast protein may be present in the vacdne and recommend that suitable 
precauttons should be exercised. In the case of live viral vaccines, considerations may be given to the reduction of ceiluJar re¬ 
sidual materials (e.g,, host DNA, proteins). 


MATERIALS OF ANIMAL ORIGIN 

Some raw materials and reagents, such as gelatin, caff serum (see Bovine Serum (t 024)), or trypsin for vacdne manufacturing 
raise concerns regarding the potential presence of adventitious agents, Raw materials should be soureed from countries ac- 
ceptable to FDA. Additionaily, manufacturers should test these materials when possible to minimize the risks of contamination 
with adventitious agents, Reduction of serum components {e,g., BSA) should be considered in processing. 

ANTIBIOnC RESIDUAL5 

Some antibjotics (but not penicillin) can be used in minima! amounts in the manufacturing process for viral yaccines, ac- 
cording to 21 CFR 61Q.15(c), Those that have been used irdude gentamicin, streptomycin, neomydn, and poiymyxin B, 

There is no requirement for tests of residual Ieveh of these antrbiotics in the finał vaecine* However, according to 21 CFR 
610.61 (m), the caleuiated amount expected to remain as a residual in the finał vaccine, based on the amount added and the 
dilution factor in the manufacturing process, must be stated on the product label. 

INACT!VATING CHEMICAL ACENTS 

Several Chemical agents have been used to inactivate bacteria and viruses or to detoxify toxins in vaccine production pro- 
cesses. Formaldehyde and p -propiolactone are the most ccmmonly used inactivating agents* Other less often used inactivat- 
ing agents include glutaraldehyde and hydtogen peroxide* As a manufacturing residual, the inactivating agent should be re- 
moved from the finał product as thoroughiy as possible. The upper limit for formaldehyde rs generally 0.02%, equivalentto 
OJ mg per 0,5-mL vaccine dose, The limit for p -propiolactone should be below the limit of detection. 

EVALUATING THE 5TABIUTY OF VACCINES 

The stability of vaccine products depends on the naturę of a vaccine antigen, the product formulation, and the control of 
vacdne storage prior to use. 

Vacdne products are evaiuated with programs that include real-time long-term storage under prescribed conditions. The 
use of extreme temperatures to potentially accelerate degradation may help manufacturers understand the stability of the 
product. 

Vaccine products, like all pharmaceutlcal products, should be eva!uated to defłne suitable conditions for storage (21 CFR 
610.50 and 610.53). General principles of stability testing for biological products are described in Quality of Biotechnoiogical 
Products: Stability Testing of Biotechnologicai/Bioiogical Products (1 049). Typically these concerns are fotused on the finał vaccine 
product, but evaluatrons also are needed for bulk intermediates to justify the conditions under whkh they are field. In both 
cases manufacturers define in advance the conditions to wh ch the product will be exposed (e,g., temperaturę, light, and hu- 
midity) and the time rangę during which the product will be exposed to those conditions* Stability studies should evaluate all 
storage conditions to which the product or rntermediate is likely to be exposed during production, handling, shipping, and 
storage so that appropriate time limits can be pląced on the exposure to those conditions, 

The primary criteria for defining the storage conditions for these intermediates and the finał products are generally focused 
on acceptable maintenance of potency; but, as discussed betow, there often are other attributes that need to be considered, 

Evaluation of the stability of vacdne products has three generał purposes. First, the products are shown to maintain an ac- 
eeptabfe analytica! profile throughout manufacture and use :o preserve safety and effectfveness. Second, stability studies across 
several product batches provide an effective way to characterize the inherent properties of the product. This in turn leads to 
the third use, demonstrating manufacturing consistency in the product. 

Stability Protocols 

The overall experimentai plan for evaluating the stability profile of a giyen set of product or intermedia te batches typicalfy 
includes speciflc definition of the conditions under which the sampfes will be stored and why these conditions are relevant, the 
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length of time the samples will be stored at each condltion, when samples will be tested during this time course, and the ana¬ 
lytical measurements at each time point Additlonally, these stability protocols include itemlzation of the analytical procedures 
to be used. For stability studies that oceur early tn product development, the studies may be eonducted to confirm the suitabil- 
ity of the product formulation and/or storage conditions. Later in development, stability studies are typically eonducted to pro- 
vide data supporting product dating period or intermediate hołd time, to provide morę elaborate product characterizatlon, 
and to evaluate manufacturing consistency. These latter studies define product end-expiry specifications that ailow deflnitrons 
of acceptable and unacceptable product. Unacceptable product is defined as product that is no longer acceptabie for use in 
clinical studies or for commerda! use (e.g., because of degradation or loss of potency). Stability studies should be eonducted 
over a duration suffictent to determme the point of loss of acceptable potency or other rdevant parameters. 

Analytical Measurements 

Manufacturers should consider the rigor of the analytical method(s) used to evaluate the stability of complex products and 
improve their understanding of the parameters that are crltical to immunogenicity (including stability-indicator parameters). 
Selection of the stability-indicator parameters varies with each vaceine f s unigue characteristics. 

The primary parameter that reflects stability for most vacdnes is the potency assay (see Potency Tests in Lot Release Test/ng, 
below). This assay can take many forms, depending on irdividual vaccines (e.g., an infectivity assay for a !ive virus vacdne or a 
measure of the proportion of conjugated polysaccharide for a polysaccharide-protein conjugate vacdne). The potency assay is 
generally the key analytical result predieting whether a vaccine remains suitable for use and whether it will produce the expet- 
ted dinical response. Other analytical measurements can provide important supplemental data, particularly those that have a 
elear link to the potency of the product. Examples include degradation profile, dissociation of a carrrer protein from conjuga¬ 
ted vaccines, and dissociation of an adjuvant from an antlgen complex. Additlonally, other common assays typically are per- 
formed as part of the stability study and may address physical or Chemical changes in the product that may or may not affect 
its potency (e.g., generał safety, degree of aggregation, pH, moisture, Container, preservative, and enclosure). 

Formal Evaluation of Stability Data and Product Expiry Dating 

Vaccines must remain within potency specifications at the expiration datę, provlded that the product was stored under the 
normal conditions speclfied, Manufacturers should conduct stability studies to determine those storage conditions and that 
dating period to demonstrate that the product remains within the potency specifications. Manufacturers should conduct sta¬ 
bility studies on a continuing basis. If a major manufacturing process changes, additionaf stability studies should be eonducted 
to verify that there is no adverse Impact on the stability profile, Under certain conditions such as process changes, accelerated 
stability studies could be eonducted. An accelerated study invofving temperatures both higher and lower than routine can 
evafuate the impact of temperaturę excursions on products, A simiiar evaluation should be done for product intermediates to 
establish how long a given intermediate can be held under defined conditions before it is processed further or discarded. 

NOMENCLATURE 

There are no uniform Systems for naming new vaccines, 21 CFR 299 describes the cooperation of the FDA and the U,S. 
Adopted Names Council (USAN) in naming drugs, including vaccines. USAN is a private organization sponsored by the Ameri¬ 
can Medical Association, USP, and the American Pharmacists Association. Section 262 in Ti tle 42 of the Public Health 5ervice 
Act requires that each package of the biological product be plainly marked with the proper name (name designated in the 
license 21 CFR 600.3) of the biological product contained in the package. 

LABELING 

Vacdne product labeling is regulated in compliance wi;h 21 CFR 201 and 610. Requlrements are set for Container labeling 
and package labeling. 


Container Label 


Provisions are madę for the following labeis: 

* Fuli label; 

* Partlal label; and 

* No label on the Container rtself when the contalners cannot support a label that mdudes all reguired Information and 
should be placed in a package that does include all required Information, 

The label should be affixed to the Container in a manner that allows visual inspection of the contents for the fuli length or 
drcumference of the Container, ff no package exists, the Container bears all of the Information regurred for the package label. 
The fuli Container label normally eon tai ns the following: 

* Proper name of the product; 
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* Name, address, and license number of the manufacturer; 

* Lot number or other lot Identification; 

* Expiralion datę; 

* Recommended individual dose, for mulriple-dose containers; 
■ The phrase Rx only for prescription biofogicals; and 

* Any applicable cautionary statements. 


Package label 

In addition to the Information reguired on the Container label, the package label should describe the following: 

■ Any preservatrve used and its concentration, or the words no preservative if no preservative h used and its absence is a 
safety factor; 

* Number of containers, if morę than one; or 

* Amount of product in the Container, expressed as number of doses, volume, units of potency, weight, and equivalent 
vofume (for dried product to be reconstituted); or 

* A combi na tion of the above to provide an accurate description of the contents, as applicable; 

* Recommended sto ragę temperaturę; 

* The words shake well , do not freeze , or the equivalenL as well as other instructions when indicated by the character of the 
product; 

* Recommended individual dose, for multiple-dose cortainers; 

* Recommended route of administration, or reference to such directions in an enclosed circular; 

* Presence of known sensitizing substances; 

* Type of antibiotics added during manufacture and the amount calculated to remain in the finał product; 

* lnactive ingredients, when they constitute a safety factor or are referenced to an enclosed circular; 

* Adjuvant, if present; 

* Source of the product, when this may be a factor in safe administration; 

* Identity of each mkroorganism used in manufacture and, if applicable, the production medium and the method of rnacti- 
vation or reference to an enclosed circular; 

* Minimum potency in terms of offidal standard of potency, or the words no U.S, standard of potency. 

Preser i bing Information 

Detaiied Information about a vaccine appears in its prescribing Information, commonly called the package insert. Intreasing- 
ly, vaccines are distributed with patient package fnserts wntten in lay language, Prescribing Information (21 CFR 201,56 and 
201.57) includes the following: 

* Highlights of prescribing information 

* Product names, other required Information 

■ Boxed warning 

■ Recent major changes 

a. tndications and usage 

b. Dosage and administration 

c. Dosage forms and strengths 

d. Contraindications 

e. Warnings and precautions 
f* Adverse reactions 

g. Drug interactions 

h. Lise in specific populations (e,g„ pregnancy, nursing mothers, pediatrie, geriatrie) 

i. Drug abuse and dependence 

j. Overdosage 

k. Description 

i. Clrnical pharmacology 

m. Noridinical toxicology 

n. Clinicat studies 

o. References 

p. How supplied/storage and handling 

q. Patient counseling information 


General Chapters 




General Chapters 


1918 (1235) Vaccines for Humań Use—General Considerations / General Information 


USP 40 


LOT RELEASE TESTING 

General Principles 

Manufacturers perform all appropriate tests for the licensed specifications for the product, according to 21 CFR 61 OJ and 
610.2, Samples of each licensed iot and protocols containing the manufacturers 1 test results are submitted to FDA. After FDA 
evaluates the protocol to ensure that the product specifications are met, and after satisfactory confirmatory testing, FDA ap* 
proves the release of the lot if al! tests meet the standards of safety, purity, and potency established for the parttcular vaccine 
product After approval is granted, the manufacturer distributes and markets the product 

Gutdeltnes are available regarding alternatives to lot release and a surveMlance system. Ali of these variations are subject to 
the regułations in 21 CFR 610.2 that allow FDA to require that samples of any lot of licensed product (e.g., vaccine), together 
with the protocols showrng results of applicable tests, be sent to FDA. 

Common Tests 

The tests common to all lots of all products indude tests for potency, generał safety, sterility, purity, identity, and constitu- 
ent materials. The manufacturer completes these tests for conformity with standards applicable to each product. The results of 
all tests are considered, except when a test has been invaNdated as a result of causes unrelated to the product (21 CFR 61 OJ). 

POTENCY TESTS (VACCfNE-SPECIFIC) 

The basie definltion and requirements for vaccine potency and potency assays are provided in 21 CFR 600.3 and 610.10, A 
vaccine potency assay shouid rndicate the therapeutic activity of the drug product as indicated by appropriate laboratory tests 
or by adeguately developed and controlled clinical data, Potency may be expressed in terms of units by reference to a stand¬ 
ard. Product potency tests vary with vaccine product types (e.g,, virai, bacterial, live attenuated, inactivated, or polysacchar¬ 
ide). As a result, potency assays for vacdnes span a variety of approaches to the expression of potency. In vitro potency tests 
for live vims may include plaque formation assays, endpolnt diiution assays (e.g,, the tissue culture infective dose [TCID^J, vi- 
rns neutralizatron assays, or quantitative polymerase chain reaction [PCR] assays). Quantitative colony formation assays are 
used for live attenuated bacterial vaccines. Animal challenge tests for immunogenicity assays of potency, such as those for 
diphtheria and tetanus (U.S. Department of Health, Education, and Welfare, 1953; see AppendLx 2), or rabies and anthrax show 
in vivo response, Antigenicity assays use enzyme-linked immunosorbent assays (ELISA), e.g., with hepatitis A or ratę nephelom- 
etry and rocket immunoelectrophoresis (e.g., with pneumococcal polysaccharides). The potency tests for bacterial vaccines, 
such as the meningococcal polysaccharides, pneumococcal polysaccharides, or Haemophilus b protein conjugafe vaccines use 
Chemical and physical Chemical assays. In the case of pure polysaccharide vaccines, the concentration or quantity of the vac- 
cine component (polysaccharide) and its guality (e.g., size) have been shown to be indicative of human immune response. 

Assay precision and reproducibility vary with the different methodologies that are used in potency assays, ranging from the 
high accuracy and precision of Chemical tests at one end cf the spectrum to bioassays at the other end. The generał test chap- 
ter Design and Analysis of Biologicot Assays (111) provides guidance for bioassays and applies to vaccine potency assays. Other 
tests shouid be validated as deschbed in the generał information chapter Yalidatbn of CompendialProcedures { 1225). 

RELEASE TESTS 

Official release of vaccines by the vaccine regulatory authority may be based on either the bulk or the finał Container, Jt is 
highly desirabie to perform potency tests on the finał Container. However, under certain circumstances this may not be practi- 
cal or even possible: thus, a case-by-case approach would be regurred. The choice of whether to test the bulk or the finał Con¬ 
tainer derives from a number of considerations, such as the quantity of vaccine availab!e for tests at the different manufactur- 
Ing stages. For certain vacdnes, both bulk and finał Container receive official release. The potency test is generally required for 
the finał Container. If it is not feasible to perform the potency test on the finał drug product, the test is performed on the bulk 
materiał. 


GENERAL SAFETY 

For biologicaf products that are intended for admtnistration to humans, manufacturers perform a generał safety test in order 
to detect any extraneous toxic contaminants, Procedures and exceptions are specified in 21 CFR 610.11. 

STERILITY 

A sterility test of each lot of each product is conducted according to procedures described in Sterility Tests (71) and 21 CFR 
610,12 for both bulk and finał Container materiał. 
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BACTERIAL ENDOTOXfNS 

Each lot of finał containers of a vactine intended for use by injection is tested for bactehal endotoxins, as indicated in Bacterh 
al Endotoxins Test (85), 


PU RITY 

Vaccines need to be free of extraneous materiał. Approved vatcine ficense applicatlons indicate extraneous materials that are 
unavoidabie in the manufacturing process for a spedftc product. The appficatlon may indicate test resutts and alfowabJe Jimits 
for such materials, according to procedures described in 21 CFR 610/13. 

RESIDUAL MOISTURE 

Each lot of dried product is tested for residual moisture [see 21 CFR 610.1 3 (a), foss on Drying {? 31), and FDA‘s Guideline for 
the Determination of Residual Moisture in Dried Biological Products (see Appendix 2)}. 

PYROGENS 

Each lot of finał containers of a vaccine intended for use by injection is tested for pyrogenic substances, as indicated in Pyro- 
gen Test (151) and 21 CFR 610.13 (b), 

IDENTITY 

The contents of a finał Container of each filling of each lot are tested for identity after labelrng is completed. Identlty is estab- 
lished by physical or Chemical characteristics of the vacdne, inspection by macroscopic or microscopic methods, spedfie cul- 
tural tests, or in vivo or in vitro immunological tests. In large part, identity tests are performed to distinguish the subject vac- 
cine from other materials manufactured at the same site (21 CFR 610,14), 

CONSTITUENT MATERIALS 

Ingredients, preservatives, diluents, adjuvants, extraneous protein, celi culture-produced vaccines, and antibrotics are tested 
according to 21 CFR 610.15. 


Permissible Combinations 

Formulatlons that combine several vacdnes must be licensed as combinations (21 CFR 610.17). The potency of each vaccine 
in the combination ts individually tested and must meet the spedfications in the context of the finał combined product; other 
appropriate quality tests apply as welL For vaednes that are physically combined in dinical locations just before administration 
to a patient, prescribing information should describe spectfic procedures to follow in those settings. 

Quality 

In generał, guality eon troi systems for vaccine manufacture are identical to those routinely employed for production of other 
pharmaceuticals. These include raw materia! testing and release, manufacturing, process-control documentation, and aseptk 
Processing, Manufacturers formalfy assign responstbilky to designated staff for maintaining the continued safety, purity, and 
potency of the product and for ensuring compliance with applicabie product and establishment standards, along with compli- 
ance with current CMPs. Analysts use reference standards and valrdated methods to determine actlve ingredients, residuals, 
and tmpurities. Manufacturers determine product safety in a variety of ways that may include the use of expenmental animals, 
procedures to demonstrate product sterility, and tests to ensure product potency. The compiexity of the guality control Sys¬ 
tems for vaccines lies in the variety of methods used to produce and control production. Lot release testing proceeds accord¬ 
ing to 21 CFR 610.2 and involves evaluating lots for safety, purity, and potency before release. Manufacturers follow FDA and 
applicabie International standards for testing and validation ł The basie considerations for validation are induded in Yotidathn 
of Compendial Procedures (1225), in addition to guidance documents issued by FDA and the International Conference on Har- 
monization (ICH) (see Appendix 2). 
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Alternative Tests 

Modification of test methods or manufacturing processes as licensed may be permitted if the regulatory authority can be 
assured that the modifications cause no reduction in safety, purity, potency, and effectiveness of the bioiogical product It may 
be necessary for the manufacturer to file the proposed changes prior to implementation (21 CFR 601.1 2 and 21 CFR 610.9). 

CLOSSARY 

Acceptance criteria: The product spedfications and acceptance or rejection criteria, with an associated sampling plan, nec¬ 
essary for making a decision to accept or reject a lot or batch (or any other convenrent subgroups of manufactured units). 
Active ingredient: Any component intended to furnish pharmacologicaf activity or other direct effect in the diagnosis, cure, 
mitigation, treatment, or prevention of disease, or to affect the structure or any function of the body of man or other animals. 
The term includes those components that may undergo Chemical change in the manufacture of the drug product and may be 
present in the drug product in a modified form intended to furnish the specified actMty or effect 

Adventitious agent: A microorganism (e.g., bacteria, fungi, mycoplasma, spiroplasma, mycobacteria, rickeftsia, viruses, pro- 
tozoa, para sit es, TSE agent) that is inadvertently introduced into the production of a bioiogical product. 

Batch: A specific guantity of a drug or other materiał intended to have uniform character and quality, within specified limits, 
and produced according to a single manufacturing order during the same cycle of manufacture. 

Bioiogical product: Any virus, therapeutic serum, toxin, antśtoxin, or analogous product applicable to the prevention, treat- 
ment or cure of dlseases or injuries of man. 

Celi bank: Vials of cells of uniform composition (not necessarily clonal) derived from a single tissue or celi, aliquoted into 
appropriate storage containers, and stored under appropriate conditions. 

Celi linę: Cells that have been propagated in culture sińce establishment of a phmary culture and have survived through cri- 
sis and senescence. Such surviving cells are immortal and wilf not senesce. Diploid celi strains have been estabfished from pri- 
mary cultures and expanded into celi banks, but have not passed through crisis and are not immortal. 

Characterization: Determination of the properties of a substance, 

Component: Any ingredient intended for use in the manufacture of a drug product, including those that may not appear in 
such drug product, 

Container (also finał Container): The immediate unit, bottle, vial, ampule, tubę, or other receptacle containing the product 
as distributed for sale, barter, or exchange. 

Control: Having responsibility for maintarning the continued safety, purity, and potency of the product and for compliance 
with applicable product and establishment standards, and for compliance with current good manufacturing practices, 

Control cells: Cells that are split off from the production culture and maintamed in parallel under the same conditions and 
using the same reagents (e.g., culture medium) to perform quality control tests on cells that have not been exposed to the 
vacdne virus (which may interfere with some tests), 

Dating period: The period beyond which the product cannot be expected beyond reasonable doubt toyield its specific re- 
sults, 

Diploid: Having the expected number of chromosomes for a species (i.e., two of each autosomal chromosome and two sex 
chromosomes), 

Drug product: A finished dosage form (e.g., solution, suspension) that contains an active drug ingredient generally in associ- 
ation with inactive ingredients. 

End-of-production cells: Cells harvested at the end of a production run or cells eultured from the master celi bank or work- 
ing celi bank to a passage level or population doubling level comparable to or beyond the highest level reached in production. 
End-of-production passage level: The maximal passage level achieved during manufacturing at finai vaccine harvest Cells 
may be evaluated at this level or beyond. 

Endogenous virus: A vlrus whose genome is present in an integrated form in a celi substrate by heredrty. Endogenous viral 
sequences may or may not encode for an intact or infectious virus. 

Expiration datę: The calendar month and year, and where applicable, the day and hour, that the dating period ends. 

Filling: A group of finał containers identical in afl respects, which have been filled with the same product from the same bufk 
lot without any change that will affect the mtegrity of the filling assembly. 

Finał bulk: The stage of vaccine production directly prior to filling of individual vials. 

Free of and freedom from: For a substance to be considered free of a contaminant, an assay must demonstrate that a de- 
fined ąuantity of the substance is negative for that contaminant to a defined leve) of sensitivity. The level of assay sensitivity is 
defined by the choice of assay and can be determined experimentaliy using standardized reagents. Altematively, a valrdated 
process that is known to remove a contaminant to a defined level may be used to demonstrate freedom from that contami¬ 
nant. 

Harvest: Collection of materiał at the end of vaccine vims propagation in celi culture, from which vaccine will be prepared, 
This materia! may be the culture supernatant, the cells themselves (often in disrupted form), or some combtnation thereof. 
lnactive ingredient: Any component other than an active ingredient. 

In-process materiał: Any materia! fabricated, compounded, blended, or derived by Chemical reaction that is produced for, 
and used in, the preparation of the drug product. 
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Intermediates; Unformulated active ingredients that are processed before finał formulation and can be stored for long peri- 
ods of time before further proeesslng. 

Label: Any written, printed, or graphic matter on the Container or package or any such matter clearly vislble through the 
immediate carton, receptade, or wrapper* 

Latent virus: A virus that is present in a celi, without evidence of active replication, but with the potential to reactivate, Is 
considered to be microbioiogically latent- 

Lot: A batch, or a specific identified portion of a batch, having uniform character and quality within spedfied limits; or, in the 
case of a drug product produced by continuous process, rt is a specific identified amount produced in a unit of time or guanti- 
ty in a manner that assures its having uniform character and quality within specified limits. 

Lot number, eon troi number, or batch number: Any distinctive combination of letters, numbers, or symbois, or any com- 
bination of them, from which the compiete history of the manufacture, proeessing, patking, holding, and dlstributfon of a 
batch or lot of drug product or other materiał can be detemined. 

Manufacture: Alf steps in the propagation or manufacture and preparation of products, Indudes, but is not limited to, filling, 
testing, labeling, packaging, quality eon troi, and storage by the manufacturer. 

Manufacturer: Any legał person or entky engaged in the manufacture of a product subject to license under the Public 
Health Servfce (PHS) Act Manufacturer also indudes any legaf person or entity who is an applicant for a license where the 
applicant assumes responsibility for compliance with the applicable product and establishment standards. 

Master celi bank: A bank of a celi substrate from which all $ubsequent celi banks used for vaccine production will be de- 
rived. The master celi bank represents a characterized colfectlon of cefls derived from a single tissue or celi. 

Master virus seed: A viral seed of a selected vaccine virus from which all futurę vaccine production will be derived, eśther 
directly, or via working virus seeds. 

Oncogenicity: The property of certain biological agents (e.g., vtruses) or materials (e.g., nudeic acids) that are capabie of 
immortalizing cefls and endowing them with the capacity to form tumors. Oncogenicity is distinct from tumorigenidty. 
Package: The immediate carton, receptade, or wrapper, including all labeling matter therein and thereon, and the conlents 
of the one or morę endosed containers. If no package is used, the Container shall be deemed to be the package. 

Passage level: The number of times, sińce establishment from a primary celi culture, a culture has been split or reseeded. 
Population doubling (evel: The number of times, sińce establishment from a primary celi culture, a culture has doubled in 
number of cells. 

Potency: The therapeutic activity of the drug product as indicated by appropriate laboratory tests or by adeguately devel- 
oped and controlled clinical data. Potency may be expressed in terms of units by reference to a standard, 

Primary ceils: Cells placed into culture imrnediately after an embryo, tissue, or organ is removed from an ani mai or human 
and homogenized, minced, or otherwise separated into a suspension of cells. Primary cefls may be maintained in medium, but 
are not passaged (split). 

Process: A manufacturing step that is performed on the product itself which may affect its safety, purity, or potency, in con¬ 
tra st to such manufacturing steps which do not affect intrinsically the safety, purity, or potency of the product. 

Proper name: The name, designated in the license, to be used on each package of the product, 

Purity: Refatlve freedom from extraneous matter in the fintshed product, whether or not harmful to the recipient or deleteri- 
ous to the product. Purity indudes buf is not limited to relative freedom from residual moisture or other volatile substances 
and pyrogenic substances. 

Qualificatton: Determination of the suitabElity of a materie! for manufacturing based on its characterization. 

Safety: The relative freedom from harmful effect to persons affected, dlrectly or indirectly, by a product when prudently ad- 
ministered, taking into consideration the character of the product in relation to the condition of the recipient at the time. 
Specifkation: The guality standard (Le,, tests, anaiytical procedures, acceptance criteria) provided in an approved applica- 
tion to confirm the q u ality of products, intermediates, raw materials, reagents, components, In-process materials, Container- 
closure systems, and other materials used in the production of a product. 

Standards: Speeifications and procedures applicable to an establishment or to the manufacture or refease of products, which 
are prescribed in this subchapter or estabfished in the bfologics license application and designed to ensure the continued safe¬ 
ty, purity, and potency of such products. 

Sterility: Freedom from viable contamlnating microorganisms, as determined by tests prescribed by the FDA. 

Tumorigenic: A property of certain celi types to form tumors when inoculated into animals (generałly a syngeneic, an immu- 
nosuppressed allogeneic, or an immunosuppressed xenogeneic host). These tumors may be at the Injection site or a different 
site and may also metastasize to other sites. 

Tumarigenicity: The process by which immortalized cells form tumors when inoculated into animals. Tumorigenidty is dis¬ 
tinct from oncogenicity. 

Unacceptable product: Product that is no longer acceptable for use in clinical studies or for commereial use (e.g., because 
of degradation or loss of potency). 

Yalidation: The performance characteristics of an anaiytical procedurę, based on the demonstration that the procedurę is 
suitable for its intended purpose or use. Validation of a process is the determination of the extent to which a process meets the 
reguirements for the vanous performance characteristics anc the demonstration that the process uniform ly performs to de- 
fined characteristics. Yalidation is generally performed in accordance with Validation ofCompendial Procedures (1225) and the 
relevant ICH guidelines* 
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Viral clearance: The combination of the physical removal of virai particles and the reduction of viraJ infectiMty through inac- 
tiyation. 

Vims seed or viral seed: A live virai preparation of uniform composition (not necessanly clona!) derrved from a single culture 
process, a3iquoted into appropriate storage containers, and sto red under appropriate conditions. 

Working celi bank: A celi bank derived by propagation of cells from the master celi bank under defined conditions and used 
to initiate production celi cultures on a lot-by-lot basis, 

Working virus seed: A viral seed denved by propagation of virus from the master vlrus seed under defined conditions and 
used to Initiate production celi cultures lot-by-lot 


APPENDICES 

Appendix 1: Types of Vaccines Currently Licensed in the U.S. (examples) 

* Bacterial, !śve attenuated (e.g., Salmonella typhi) 

* Bacterial, polysaccharide (e.g., meningococcal, pneumococcal) 

* Baeterial, polysacchande-protein conjugate (e.g., meningococcaf, pneumococcaf) 

* Baeterial, toxoid (e.g., diphtheria, tetanus) 

* Baeterial, extracts (e.g., pertussis, anthrax) 

* Viral, live attenuated (e.g., influenza, measles, mumps, rubella) 

* Viral, whole inactivated (e.g., rables) 

* Viral, subuntt (e,g., influenza, hepatjtis B, human papiUomavtrus) 

Appendix 2: Selected Regulatory Documents 

* 21 CFR 201. 

* 21 CFR 299. 

® 21 CFR 600. 

* 21 CFR 610, 

* Section 262 in Tllfe 42 of fhe Public Health Sen/iee Act 

* Center for Biofogics Evaluation and Research (CBER), U.S. Food and Drug AdminisEration (FDA). Guidance forlndustry — 
Revlsed Preventive Measures to Reduce the Possible Riskaf Transmission of CreutzfeldGjakob Dlsease (CJD) and Variant Creutz- 
feldt-jakob Dlsease (vC)D) by Blood and Blood Products (January 2002). http;//www, fda.gov/cber/gdln5/tjdvcjd.pdf 

* Center for Bidogics Evaluation and Research (CBER), J.S. Food and Drug Adminlstration (FDA). Guidellne for the Determi- 
nation of Residua! Moisture in Dńed Biological Products (January 1990). http://www.fda.gov/cber/gdlns/moisture.pdf 

0 Center for Biologics Evaluation and Research (CBER), U.S. Food and Drug Admlnistration (FDA). Guidance on Alternatives 
to Lot Release for Licensed Biological Products , Federaf Register 1993;58(1 37): 38771-38773. http://www.fda.gov/cber/ 
gdlns/altmtviot071 493.pdf 

* Center for Biologics Evafuation and Research (CBER), U.S. Food and Drug Administration (FDA). Guidance For Industry— 
Charactenzatfon and Qualification of Celi Substrates and Other Biological Storting Materials Used in the Production of Viral Vac- 
cines for the Prevention and Treatment of Infectious Diseases (September 2006). http://www.fda.gov/cber/gdlns/vaccsub- 
strates.pdf 

* FDA periodically issues or updates Guidance for Industry and posts these documents at http://www.fda.gov/cber/guide- 
lines.htm 

o Department of Health, Education, and Welfare (now the National Institutes of Health). Minimum Requirements for immune 
Serum Globulin (Human). 3rd rev. Bethesda, MD: Department of Health, Education, and Welfare, 1953. 

® International Conferenee on Harmonization (tCH). Q2(R1). Vaiidatk)n of Analytical Procedures: Text and Methodology. Gen- 
eva, Switzerland: ICH, 2005. http://wwwjch.org/LOB/media/MEDIA417.pdf 
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INTRODUCTION 

This chapter describes virology test methods applicable to the development of biological product drugs, such as recombh 
nant proteins, subunit vaccines, therapeutic monoclonal antibodies, and growth hormones. 5everal topics are exduded from 
the scope of this chapter: 

* Blood- and plasma-denved products as well as whole blood and plasma products used directly in transplantatron or infu- 
sion. However, the basie principles, strategies, and testrng methods for en su ring virus-free products are applicable. 
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• Methodologies for the safety testing of live viral yaccines. 

* Spedfic methods for viral dearance studies, which are described in the OSP generał Information chapter Viraf Safety Evalu- 
otion of Biotechnalogy Products Derived from Celi Lines of Humań or Animai Origin <1050). 

Virology test methods have historically been employed in the clinical settings of disease diagnosis, intervention, and eontain* 
ment; but the development of biological (bfologics and biotechnology-derived) products and therapies for human or animai 
use has created the need for sensitiye virai detection assays for use in the GMP production and testing of biological products. 
This need ts not iimited to the production of viral yaccines, but also applies to the development and manufacture of recombh 
nant proteins, celi and gene therapies, and other products. 

Sensitive yfrology test methods for quality control of biological products are necessary for $everal reasons. The production of 
biological products often requires a variety of raw materia s and Processing reagents of animai origin that have varying poten¬ 
tial for introdudng viral contaminants, The production of diological products may allow the replkation of adyentitious agents 
during processing, and therefore these materials must be prescreened to avoid the opportunity for contamination of the prod¬ 
uct. Another point to consider regarding screening these materials is that the product may not be compatible with processing 
methods used to eliminate or inactivate these adventitious agents. Because of the naturę of the biological products, the pro¬ 
duction process needs to include appropriate testing regimens that monitor the possible introduction of adyentitious agents 
and/or viral agents into the systems used. For these reasons, sensitiye viral detection methods are required not only for the 
release testing of biological drug products, but also during the intermediate stages of processing, process deyelopment, and 
routine manufacture, Important stages for consideratton include the deyelopment of celi substrates and banks, raw materials of 
animai origin, process intermediates, and critical excipients when derived from animai tissues. Thrs strategy should be aug- 
mented with virai dearance and inactivation studies whenever possible. 

For products intended to contain live yiruses {e,g,, infectious oncolytic yiruses and live viral vector products used for gene 
therapy), the celi- and animal-based infectjvity methods discussed in this chapter may be useful only folłowing neutrałrzalion 
of the spedfic viraf entity contained in the product for any product that is intended to contain tive yiruses (e.g,, infectious on¬ 
colytic yiruses and live viral yector products used for gene therapy). Altematiyely, selection of appropriate indicator celi lines or 
animai models in which the spedfic viral entity is known not to repficate can be considered. It should also be expected that 
assay Systems based on detection of viral partides or viral components will indicate the presence of the viral entity itself in sucli 
products, but may not indicate the viability of the virus, The remainder of the chapter is divided into three sections discussing 
assays for the fhree to pies: (1) Detection of Viable Viruses, (2) Detection of Viral Components , and (3) Detection of Antibodies to 
Viral Antigens. The chapter covers the classit virology methods that are strll routinely used, as wefl as modern molecular and 
immunological approaches, The methods described in these sections may possess different sensitiyćties to diverse yiruses; they 
are therefore intended to complement each other to provide a science-based foundation for the detection of adyentitious yiru¬ 
ses. Multiple methods may be used in complementary fashion to improye the pathogen safety margin of a product Identifica¬ 
tion of yiruses detected m celi-based assays on the basis of cytopathk effects often depends on the use of molecular and im¬ 
munological analyses; these analyses are therefore re(evant both to viral detection and to subseguent viral Identification, The 
chapter provides an overview of the detection and analysisof the most important groups of yiruses as well as the most com- 
monly used tedinigues. Tests spedfic to indiyidual yaccines or biological products are excluded, because they are expected to 
be induded in monographs for such products. 

Methods that are well established with little yariatron in practice are described in morę detail, whereas methods that are 
morę flexible are described in generał terms, both in the performance of the tests and in considerations for acceptance. Rele- 
vant regulatory references are given in the Appendix, Refevant USP generał chapters should be consulted with regard to btoas- 
say design, data analysis, interpretation, and assay yalidation, 

DETECTION OF VIABLE VIRUSES 

infectious virus particles contaminating biologics and bictechnology-derived products are of great safety contem, because 
they have the potential for causing serious, possibly life-threatening, infectious in the patients treated, This is particularly true if 
the patients are immunoeompromised. Although compiete assurance of viral safety for finished biological products can never 
be realized, a slgnificant safety margin can be established tirough virai detection methods applied to unprocessed bulk and 
raw materials before purification in combination with purification processes that demonstrate the ability to inactivate or re- 
move potential viral contaminants present at leve!s too Iow to detect. (See Vira! Safety Evaluation of Biotechnoiogy Products De- 
rived from Celi Lines of Humor? or Animai Origin (1050) for information on viral dearance and inactivation methods,) For celi and 
gene therapy products that lack extensive purification steps, finał products may be directly tested for the presence of relevant 
contaminating yiruses. This section describes two broad systems for the detection of infectious yirus: celi cuiture-based infec- 
tivity assays and in vivo mfectivity assays, These systems may possess complementary sensitrvities for yiruses, and as a result, 
both methods may be used as limit tests for celi bank and raw materiał characterization and for lot release testing of biologics 
and biotechnology-dertyed products. Considerations for optimizing sampte preparation for these tests are discussed, followed 
by a description of the morę tommonly employed detection assays. Rnally, to ensure the reliability of expenmentaf results, 
quality control issues in generał and detection limit estimatlon in partieufar are discussed. 
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Sample SelectJon of and Preparation for Celi- and Animal-Based Virus Detection Assays 

The requirements for selection, preparation, and storage of test sampies for viral detection methods (celi- and animal-based) 
are dictated by the lability of the viruses being detected. The ability of a virus to remain infectious in the absence of a host celi 
is highEy variable. Virus rnfectivity also may differ in sensitivlty to repeated freezing and thawing cydes. 

Sample preparation typically involves storage of test sampies at Iow temperatures (ideally -60° or beJow) as soon as practica- 
ble upon collection. When intended for use in a viral screening assay, aliquots of sampies should be prepared to avoid multiple 
freezing and thawing, Sampies intended for vira! infectivity assays are typically shipped with sufficient dry ice to last several 
days morę than the expected time required for transit When received at the testing laboratory, the sample should be exam- 
ined to verify that it is strll frozen, and appropriate documentation should be completed. For any storage or hofd condition, 
the impact of the condition on viral viability should be empiricalfy assessed and sufficient cold chain management ensured. 

Typie a i sample types for vi rai detection assays are described below. 

CELL LYSATES 

Test sampies derived from celi substrates (master and working celi banks, end-of-production celi sampies) are prepared in a 
manner that aliows sampling of both the celis (for cell-associated viruses) and the conditioned medium (for virus shed into the 
medium). To achieve this, a culture of the cells Is sampled. A celi suspension of ~10 ? cells per ml in conditioned medium is 
prepared and frozen (idealJy at -60° or below). Because this medium does not contain cryopreservative, the majority of the 
cells will łyse upon thawing of the sample, releasing the cell-associated virus. Low-speed centrifugation will remove larger cel- 
lular debris and yietd a supernatant that may be inoeufated directly onto detector cells in cell-based viral infectivity assays. A 
simllar sample is prepared for in vivo viraf adventitious agent testing, In this case, however, the test sample is thawed and in- 
jected wlthout clarification into the various animal systems via the various described routes. 

BIOTECHNOLOGY BULK HARVEST (UNPROCESSED BULK HARVE$T) SAMPLES 

Routine lot testing of bulk harvest sampies is mandatory for most types of biologics (see Viral Safety Evaluation of Biotechnolo- 
gy Products Derived from Celi Lines of Humań or Animal Origin (1050)). The sampling must be done at the unprocessed bulk 
harvest stage, because downstream purification processes may remove or inactivate any viru$es that might contaminate the 
starting materials. The harvest sample from the bioreactor should be collected and stored without further manipulation, as 
soon as practicable, at-60° or below. To prevent multiple freeze and thaw cycles, individual aliguots should be prepared for 
each indivldual assay to be performed. Additional aliquots should be retained in case repeaf testing is required. Depending on 
the naturę of fhe manufacturing process, the bulk harvest sampies may contain varying quantities of the produetton substrate 
cetls. Because the bulk han/est does not contain cryopreservatives, the majority of the cells present will łyse upon thawing of 
the sample, releasing the cell-associated vtrus. Low-speed centrifugation to clarify the sample will result in a supernatant that 
may be inocuiated directly onto detector cells in cell-based vira! infectlvlty assays. There may be instances where the test sam¬ 
ple is cytotoxic to the detector cells of the cell-based assays and procedura! modificatlons may be reguired to deal with this. A 
stmilar sample is prepared for in v\vo vtral safety testing. In this case, however, the test sample is thawed and injected without 
clarification into the various animal systems vja the various described routes. 

RAW MATERIALS OF ANIMAL ORIGIN 

Ingredlents of animal origin used in the manufacture of biological products for human or veterinary use musi be tested for 
species-specific viruses of concern as described in 9 CFR 11 3.53 (see also the USP generał information chapter Bovine Serum 
(1024), being prepared for futurę publicatron). The raw materials may be stored under a varlety of conditions, as appropriate 
to the raw materiał. Sample preparation and method of application to the test system depend on the naturę of the sample. 

The possibility that animal-derived raw materials may contain bacterial or fungal contaminants should be considered. In sonie 
cases, it may be necessary to treat the sampies with antibiotics or to filter the sampies (0.22 or 0.45 micron porę size) prior to 
inoculation in order to prevent bacterial or fungaf outgrowth in the test system. Animal sera are typically reteived frozen and 
are thawed and incorporated into the growth medium at an appropriate concentration (typically 15%, v/v) as a means of ex- 
posing the detector cells. Powdered trypsin (not less than Sgrams, as per 9 CFR 11 3.53) Is suspended In a suitable diluent, 
such as phosphate-buffered salinę, and is then subjected to high-speed centrifugation to pellet any virions that may be 
present The concentrated pellet is resuspended in phosphate-buffered salinę, and the resufting materia! is used to inoculate 
appropriate detector cells. Medium addltives, such as bovine thrombin, may be incorporated into the growth medium at a 
predetermined multipfe of the nominał concentration to be used In the manufacturing process. The resuJting growth medium 
containing the additives is then used as a means of exposing the detector cells to the test materiał. The exact multipfe to be 
used in such testing may be limlted by such factors as solubility in growth medium or cytotoxidty to the detector cells. These 
factors should be assessed in advance of testing. The printiple of using higher concentrations in the detection method than 
during processing should be followed, withln the bounds of indicator celi toxicity, as a means to inerease sensitivity to detec¬ 
tion. 
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WHOLE CELLS 

Intact viable cells are used as the test sarnple in certain viral detection assays. Betause the test celts may attach and prolłfer- 
ate in the culture vessel along with the detector cells, assays using this type of sarnple are referred to as cocultivation assays. 
The requirements for the specific assay may vary in relative proportions of detector and test cells, viabifity of the test cells, or 
the confluency of test cells at the time of collection. 

Celi Culture-Based Viral Detection Methods 

To ensure the absence of adventitious viral agents, cel] cuiture-based viral detection assays are used for a variety of purpo- 
ses, induding but not limited to clinical diagnostic procedures; evaluation of raw materiafs and celi substrates; assessments of 
the vira! identity, the purity, and the potency of vlrus seed stocks; and lot release testing of unprocessed bulk harvests during 
biologics production. An important distinction between cel!-based assays and direct detection assays (see the section Detection 
of Viral Components) is that the former will detect only replicating virus, whereas the latter will detect vtral antigens, viral ge¬ 
nomie materiał, and the like, which may or may not be indicative of the presence of replicating virus. Simitarly, detection of 
circulating antibodies directed against viraf antigens (discussed in the section Detection of Antibodies to Virai Antigens), may be 
indicative of either a current or a past infection of an animaf and does not necessarily indicate that the anrmal Is currently har- 
boring an infection. 

Infectious viruses detected in cells or in ceJI-derived materials fali into two broad categories, based on the expectations of the 
analyst. Endogenous viruses are those normaliy detected in the cells as a result of the integrafion of the viral genomie materiał 
into the host celi DNA. Exogenous vrruses are those not normaliy present in the cells but found as a result of a vtral infection of 
the cells. 

The underlying assumption for all cell-based viral detection methods is the ability of viruses to replicate in an appropnaie 
host celi. Viruses lack the cellular machinery required for producing their own genomie materiał and structural proteins, and 
they must therefore enter and subordinate a host celi for this purpose, Cell-based viral infectlvity assays use indicator (detector) 
cells that serve as host cells for viable vlrions present in testsamples. 

Cell-based infectivity assays may be placed rn three broad categories on the basis of types of viruses to be detected: (1) ret- 
roviraI assays, (2) virus-specific assays, and (3) viral screening assays. The types of endpoints used to detect the viruses may 
differ by category. Although screening assays are typlcaEly not optimized for single virai entities, the virus-spedftc assays and 
titration assays, as well as some of the retroviral assays, may be optimized to some extent for specific viruses, Accurate titration 
of stock viruses that are used as positive Controls or are used to determine the detection limit of an assay is crlticaL 

The regulatory guidance underlying the various viral safety tests depends on the naturę of the samples to be evaluated, and 
analysts are referred for morę detali to documentation relevant to their own regulatory environments. 

General Requirements for Celi Culture-Based Assays 

DETECTOR CELLS AND THE CONCEPT OF VIRAL HOST RANCE 

The rangę of viruses detectable using a cell-based infectlvity assay depends on a number of facto rs, induding the type of 
host celE(s) used as the indicator (detector) cultures and the detection endpoints used in the assay, Viruses differ in their abili- 
tles to infect specific host celi types. Most viruses exhibit at least some degree of host cel! tropism (i.e v abifity to infect a specif¬ 
ic spedes or tissue type), This attribute is typically due to a reguirement for interaction of a vtnon with a specific celi mem¬ 
branę receptor during the process of infection of the host celi. A celi susceptible to infection and capable of production of 
progeny by a given virus is referred to as permissive for that virus; cells not supporting viral proltferation are referred to as 
nonpermissive , or re stricte d, for that virus. As a conseguence of the differences in host celi tropism, assays intended to screen for 
a wide rangę of viruses must inefude multiple detector celi types. For the same reasons, design of a cell-based infectivity assay 
for a specific virus must include a detector celi known to be permissive for that virus. 

VIRUS SUSCEPTIBIUTY OF COMMON CELL LINES 

For most endpoint assays used to determine whether a host celi is infected with a virus, a monolayer culture is preferable to 
a semiadherent or suspension culture. For instance, cytopathic effect and hemadsorption are visualized microscopicafly. Cells 
that are not adherent have little morphofogy to evaluate y and hemadsorption cannot be properly evaiuated in a suspension 
culture. For this reason, some regulatory documents pertaining to cell-based virus infectivity assays stipuiate the use of mono- 
laye r d etecto r c u I tu res. 

A list of commonly employed indicator celi lines and their application in viral screening assays Is provided in Tobie 1. Regard- 
ing the vlral tropism of these ceils, "Points to Consider in the Characterization of Celi Lines Used to Produte Brologicals^ 

(1993) and ICH's Q5A (Rl) guidelines (for these references, see Appendtx) require that human diploid cells such as MRC-5 and 
WI-38, which are permissive for a rangę of viruses of human concern, and monolayer cultures of the same spedes as that of 
the celi substrate used to produce the product are inciuded in the viral screening test for biologics destined for use in humans. 
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Table 1, Indicator (Detector) CelB LEnes Used forAdventjtjgu$ Viral Streening Assays 


Celi Linę 1 

Origin 

Endpoint(s) h 

Target virus{es) 

Celt tines with TelatMy broad vira! tropism: 

BHK-21 

Syrian hamster 

CPE, HAd, HA 

Insect-borne viruses (arboviruses) 

Vera 

African green monkey 

CPE, HAd, HA 

Viruses infectious to humans, primates 

For processes invotving human celt substrates: 

Hela 

Human 

CPE, HAd, HA 

VEru$e$ infectious to humans 

MRC-5 

Human 

CPE, HAd, HA 

Vimses infectious to humans 

For processes mvoMng Chinese hamster cel! substrates: 

CHO-KI 

Chinese hamster 

CFE, HAd, HA 

Vimses infectious to Chinese hamsters 

For processes imoMng mouse celi substrates: 

MEF 

Mouse 

CPE, HAd, HA 

Viruses infectious to mouse celJs 

NIH/3T3 

Mouse 

CPE, HAd, HA 

Viru5es infectious to mouse ceils 

For processes involving bovine cel! substrotes or bovine raw rnaterials : c 

MD8K 

Bovine 

CPE, HAd, HA 

Bovine viruses 

BT 

Bovine 

CPE, HAd, HA 

Bovine viruses 

EBTr 

Bovine 

CPE, HAd, HA 

Bovine viruses 


a Examples of cdi linę* used for vira| screenmg assays are shown. MRC-5 and Vero, or tells wrth similar host ranges, are used in all assays, Depending on the celi 
substrate used to manufacture a biologie, additional cdi lines are also used in the screening assay, In addition, a bovine cdi might be fnduded if bovine serum 
was used in the manufacturing process. 

b CPE, cytopathic effect; HAd, hemadsorption; HA, hemagglutination (optional), 

c Indusion of a bovine celi in a virus screen shoufd not be construed as a replacement for or atternatń/e to a raw rnaterials test, Raw rnaterials testing is dnven in 
the LLS. by 9 CFR T13.47 and 113,52, and celi lines used for this testing are described in Table 2, 


A [ist of commonly empEoyed indicator celi fines and their applicattan in raw rnaterials testing assays rs provided in Table Z 

_ Tabie 2. indicator (Detector) CeBI Lines Used m Raw Materiał Testing _ 


Celi Line a 

Assay Type 

Endpoint($) b 

Animal Origin of Raw Materiał 

Vero 

Isolation/detection 

CPE, HAd, IFA 

All sources 

BT 

Isolation/detection 

CPE, HAd, IFA 

Bovine; all sources (BVDV) C 

EBTr 

Isolation/detection 

CPE, HAd, IFA 

Bovine; all sources (BVDV) C 

MDBK 

isolation/detection 

CPE, HAd, IFA 

Bovine; all sources (BVDV) C 

PT-1 

Isolation/detection 

CPE, HAd, IFA 

Porcine 

PK-1 

isolation/detection 

CPE, HAd, IFA 

Pordne 

MDCK 

Isolation/detection 

CPE, HAd, IFA 

Canine 

GT 

Isolation/detection 

CPE, HAd, IFA 

Caprine 


a The requfremenL (9 CFR 11 3.47 and 11 3.52) for evafuating raw rnaterials of animal origin is Lo use (1) Vero cells, (2) a bovine celi for deLecting BVDV, and (3) 
a celi linę of the same speefes of origin as the raw materiał for detecting viruses of concern from that spedes. Examples are glven of some celi ifnes that are used 
in the industry. 

b CPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescent antibody staining, 
c As per 9 CFR 11 3.47, raw rnaterials of any animal origin are to be tested for bovine viral dlarrhea virus (BVDV), 

There may be very specific requirement5 for detector cells for certa in viruses. For instanee, assays intended to detect infec- 
ttous HIV use human peripheral blood lymphocytes and invofve a p24 antigen capture enzyme immunoassay endpoint. A lisi 
of commonly employed Indicator celt fines and their applkalion in the detection of specific vimses is provided in Table 3 * 


Table 3. Indicator (Deteetor) Celi Lines Used for Detection of Specific Virus(es) 


Celi Linę 1 

Assay Type 

lndpoint(s) b 

Target Virus 

324K 

Isolation/deiection 

CPE, HAd, IFA 

Murtne minutę virus 

A9 

Isolation/detection 

CPE, HAd, IFA 

Murine minutę virus 

BHK-21 

Isolation/detection 

CPE, HAd 

Arboviruses c 

MRC-5 d 

Isolation/detection 

CPE 

Human cytomegalovims 


a Examples of celi tines used for optimfdng the detection of specific viruses or virus types are shown, In many cases, the assay methodologies inust also be 
optimized for detection of the target viruses, 

b CPE, cytopathic effect; HAd, hemadsorption; IFA, immunofluorescent antibody stalning, 
c Insect-bome viruses as a group are referred to as arboviruses, This term has no taxonomic significance. 
d Other human dipfoid celi lines such as WI-38 are also suitable. Assay duration must be 28 days at a minimum. 
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GROWTH REQUIREMENT5 FOR DETECTOR CELLS 

Viral proliferation within a permissive host celi may be dependent on the ratę of host celi proliferation. This is espedally true 
for viruses that display cdl-cyde dependence for generation of viral progeny. For most detection assays, detector cultures are 
seeded at a density intended to achieve a celi monolayer in exponential growth. This corresponds to a celi confiuency of 50% 
or less {optima! celt denslties may depend on the assay type and the detector celi to be used) at the time of inoculation of the 
cultures with virus or test sam ple. For the same reasons, the assay design may include provision for detector celi subculture 
(the collection of cells from the original culture and seeding of a predetermined fraction of these into a new fiask). Alternative- 
ly, a passage may be performed, consisting of collection of condittoned medium from the original culture and inoculation of 
this materiał onto a secondary detector celi culture that is in log-phase growth. The frequency of subcufture/passage required 
in an assay is determined largeiy by the ratę of growth of :he detector celi. Incorporation of these steps into detection assay 
designs helps to ensure that the conditions remain optfmal for amplificatlon of vira1 progeny within the host cells. 

NEED FOR DETECTOR CELL IDENTIFICATION AND BANKING 

Detector celis used for cell-based viral detection assays are a critical reagent for ensurmg viral safety, viral potency, viral iden- 
tity, and viral clearance capacity in purification schemes, In many cases this testfng is intended to support GMP processes; 
therefore, the detector celi banks may need to be prepared and ąualified in much the same manner as other critical reagents. 
The details of the viral safety evaluation methods are described in Vlral Safety EvaluQtion of Biotechnology Products Derived from 
Celi Lines of Humań or Animat Origin (1050). Regardless of specific compliance reguirements, periodic Identification and qualtfi- 
cation of the detector celi banks to be used subsequently for viral infectrvity assays is good practice. The following should be 
regarded as mini mai quality contro! testing for such detec:or celi banks: sterility, mycopfasma and viral screening, and celi 
identity by DNAfingerprinting, karyology, or isoenzyme analysis. In addition, specific assays for bovine and porcine viruses 
may be required if bovine or porcine raw materials were used in preparation of the banks. Bovine Serum <1024) and refevant 
serum-type specific ancillary materials monographs should be consulted when serum products are used in celi growth media. 

Endpoints for Detection of Viral Infection 

The various endpoints used to identify infection of a detector celi with a virus include the following: 

• Visual observation of cytopathic effects 

■ Hemagglutination or hemadsorption of erythrocytes 

* Immunofluorescent stafning 

• Cocultivation with other types of detector cells 

* Quantitatsve polymerase chain reaction (qPCR) for drrect detection of viral genomie sequences 

• Electron microscopic analysis of viral pellets or fixed cells for visual obsen/ation of viral particles 

* Biochemical endpoints such as reverse transcriptase assays, which detect virus-spedfic enzymatte activity 

These various endpoints are used in a complementary fashion, because a given virus may not cause a positive response in 
each endpoint. For Instance, some viruses can grow to hlgi titers without producing visibłe cytopathic effects and so must be 
detected using other endpoints. Polymerase chain reaction (PCR) and electron microscopic analysis per se are not capable of 
distinguishing viable from nonviable viruses. However, when used in conjunction with celi culture growth kinetics, these ap- 
proathes can be powerful orthogonal detection methods to demonstrate the inerease of viral replication and therefore viable 
virus. The failure to observe vrral particles in electron microscopic analysis of fixed cells should not be considered absolute 
proof of the absence of infectious virus in the cells. In a generał sense, the same is true for each of the detection endpoints 
discussed above. Each endpoint has a detection limit below which a virus may be present but not detected. 

VIRAL CrrOPATHIC EFFECTS 

Visually observab!e manifestations of the infection of susceptible host celis with certain types of viruses are collectively ref er- 
red to as vira! cytopathic effects (CPE). Although CPE may be considered an indirect detection of viral infection, in the conlext 
of specific host cells they can have distinctive morphoJogical manifestations. These may include the appearance of inclusion 
bodies, abnormal cel! morphology, changes in culture confiuency, celi death and celi lysis, and others. The naturę of the CPE 
observed may depend on the host celi and the infecting virus. In addition, for a virus that normally causes CPE, there may exist 
variants that do not cause CPE. CPE can be differentiated from eytotoxic effect by the tendency of the former to exhibit pro- 
gression irreversibly with time, whereas the latter may be reversibie, In some cases structural proteins of vimses may cause cy¬ 
tologie effects similar to the cytopathic effects of the infectious virus. Differentiating the cytotoxic effect of such proteins from 
the cytopathic effect of infectious virus may require observation of the culture over time to determine whether the effect pro- 
gresses or the cells appear to recover. Aiternativefy, cell-free passage of the original culture onto fresh detector cells can be 
used to differentiate these two apparently similar manifestations. The cytotoxicity associated with the structural proteins In the 
absence of infectious vrrus wouJd not be expected to pass to the secondary culture. 
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Giemsa staining may optimize the ability of the operators to visualize certain inciusion bodies (clusters of vrral parfides) that 
are characteristic of vira! cytopathrc effect and is reguired by 9 CFR 113.53 in assays used to demonstrate that bovine, porcine, 
eguine, and ovine raw materials are free of species-specifk: vlruses. 

DETECTION OF HEMAGGLUTINATING V!RUSES 

A characteristic of certain viruses (referred to as hemagglutinating viruses) h that one or morę of their viraJ proteins cause 
hemagglutination of one or morę types of erythrocytes. Hemagglutination is an interaction between viral proteins or hemog- 
glutinins and erythrocytes, leading to adhesion of the erythrocytes to surfaces, ceils, and each other, This property forms the 
basls of two endpoint procedures that are employed in cell-based viral infectivity assays: hemadsorption and hemagglutination. 

Hemadsorption is performed by adding a suspension of one or morę erythrocyte types directly to the monolayer culture of 
detector cells. If v3rai proteins of a hemagglutinating virus are expressed from infected celi membranes, the susceptible eryth¬ 
rocytes will bind tightly to the celi membranes, Noninfected cells do not display this hinding; therefore, the techniąue can be 
used to visuaiize a focus of infected cells against a background of uninfected cells. For this reason, this particuiar endpcint may 
display greater detection sensitivity than other assay endpcints, such as cytopathic effect or hemagglutination. In the ad- 
vanced stages of infection, binding of erythrocytes to cells, to each other, and to open plastlc surfaces in the culture vessel 
may be observed. 

The hemagglutination procedurę is performed on the conditioned medium and is essentially an eva!uation for free virus or 
viral hemagglutinins in sofution, An aliguot of the conditioned medium from a detector culture is combined, in a rmcrowell 
piąte having v-bottomed wells, with one or morę types of erythrocytes. After an appropriate amount of time the plates are 
evaluated, Absence of hemagglutination is reflected by a wefl-defined pellet (button) of erythrocytes sedimenting to the bot- 
tom of the welj. In comparison, hemagglutination is reflected by the absence of a button, or by a button with irregular shape, 
Scoring the latter represents an opportunity for operator subjectivity. In adciition, this endpoint can be considered the least 
sensitive in detection assays, because it is dependent on achieving a sufficient concentration of viral hemagglutinins in sofu- 
tion. For these reasons, hemadsorption is typically viewed as the morę useful and reliable of the techniques for detecting he¬ 
magglutinating vjruses. 

The responses obtained in detection assays using hemadsorption and hemagglutination endpoints are highly dependent on 
the vims being assayed, as well as on the types of erythrocytes used. Many of the viruses of concern to the biotechnology 
industry do not cause hemadsorption and hemagglutination, or their hemagglutinins react with red blood cel] types not com- 
monly used in detection assays. 

DETECTION BY IMMUNOFLUORESCENT ANTIBODY (IFA) STAININC 

Certain cell-based viral detection assays are intended to detect specific viral entities and are required for raw materials tests 
derived from bovine~, porcine-, eguine-, and ovine-derived materials (9 CFR 113-53). In order to achieve this, the assays must 
be optimized with respect to host celi selection, study design, and sample preparation. SpedfEcity of detection is afso conferred 
through use of IFA staining technigues. Primary anthera or monoclonal antibodies direcled against the vrral antigens of interesl 
are used, either in direct staining applications or in conjuncdon with a fluórochrome-conjugaLed secondary antiserum. The im- 
munostained detector celi monolayers are then visualized with an epEffuorescence microscope to reveal the presence of reac- 
tive infected cells. 


Design of Cell-Based Viral Assays 

VI RAI DETECTION ASSAYS 

Detector celi cultures are seeded and allowed to incubate for the appropriate amount of time. Viral samples may be inoeula- 
ted directly In to the medium of the mitotic phase of celi culture, but morę typically the medium is removed from the over- 
night detector celi culture and is replaced with the test sample. For the latter method, the test sample must therefore be ap- 
proximate!y isotonic, and cytotox3c agents such as selection agents must be maintained within levels tolerabfe to the detector 
celi. For test samples comprised of ltve cells, the sample must be subjected to freeze-thaw before inoculation in order to łyse 
the sample celfs. If the cells are not fysed, a cocultlvatlon 3nvolving the detector and sample cells will result The latter is part of 
the design for cocultwation assays. But for most of the cell-based infectiwty assays such a cocultivation is not intended and 
could adversely impact the sensitlvity of the assay, The test sample is typically allowed to adsorb to the detector celi monolay- 
ers for an appropriate amount of time. Et Is then removed and replaced with the growth medium suitable for the detector celi. 
Once inoculated, the detection assay involves incubation of the detector cells for a prescribed amount of time, with periodic 
refeeding as necessary. Endpoint evaluations as described above are performed according to the study design, Yariations of 
the given procedurę may be used for exposing detector cells to raw materials. For raw materials, detector celi exposure may 
consrst of incorporation of the test materials into the growth medium used to maintain the detector cells throughout the as¬ 
say. 
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VIRAL TITRAT10N ASSAYS 

Viral titration assays are designed to generate quantitatEve information about the vims of interest. These assays do not quan- 
tify absolute numbers of vEral particles; rather, the resuto are expressed in terms of infectious units* An infectious unit is the 
amount of virus regulred to establish a productive infection, and seyerat categones of titration assays are used. They vary on 
the basis of the endpoint used to demonstrate infection and indude viral plaque titration or plaque-forming units (units: PFU 
per ml); 50% tissue culture infectious dose (units: TCID 50 per mL); and 50% fiuorescent antibody infectious dose (units: FA3D 50 
per mL), The amount of a hemagglutinating virus tn a sample can also be expressed in terms of hemaggEutinating liter (units: 
endpoint dilution, i.e,, the greatest dilution of the sample which stEII resufts in a positive hemagglutination, or HA, response)* 

Regardfess of the endpoint used, a typical titration assay design consists of a seguence of sample dilutions based on 0,5 log T0 
or 1 log 10 increments, The various dilutions of the sample are then applied to an appropriate number of replicate permissive 
detector cetl monoJayers. After a suitable incubation time, the monolayers are scored directly for cytopathic effect (TCiD 50 as¬ 
say), fixed and processed for immunostaining and scored for reactive cells (FAID 50 assay), or oyerlaid with aga rosę and prc- 
cessed for płague generafion PFU assay, TCID 50 and FAID 50 titers are typically calculated using published formulas, such as 
Spearman-Karber and Reed-Muench. Assay Controls for such quantitative assessments should routinely indude a reference 
sample of known potency, 

Detection of Retroviru$e$ 

Retrovlruses represent a spedal case for celi-based viral detection assay because of the occurrence of retroviral infection in 
the absence of responses to the typical endpoints discussed. In order to detect retroviruses, sdentists can employ a number of 
different endpoints. A list of commonly employed indicatorcell lines and associated endpoints, and their appllcation in retrovi- 
rus detection assays, is provided in Tobie 4. 

Table 4, Indicator (Detector) Celi Lines Used in Retroyirus 


Infediyit y Tesling 


Celi Linę 

Assay Type 

Endpoint(s ) 1 

Target Virus 

SC-7 /XC 

Isolation/direct detection 

Plaques (XC); RT 

Ecotropie murine retrovirus 

Balb/C 

Isolation/direct detection 

Plagues (XC); RT 

B-Tropic murine retrovirus 

NEH/3TB 

fsolation/direct detection 

Plaques (XC); RT 

N-Tropic murine retrovirus 

MErtk Lung 

Isofation 

RT; mink S+L- 

Xenotropic, amphotropic murine retrovirus 

Mink 5+L- 

Dlrect detection 

Foci 

Kenotropic, amphotropic murine retrovirus 

Feline S-i-L— 

Direct detection 

Fod 

Xenotropic, amphotropic murine retrovirus, gib- 
bon ape ieukemta virus (CALV) H and RD-1feflne 
retro viru5 

Mus dunni 

Isolation, coojltivatJon 

RT;S+L- 

Murine retroviruses and retrovrruses infectious to 
humans 

QT6 b 

Isolation, cocultivation 

RT 

Avian retroviruses 

RD 

IsoJation, cocultivation 

RT; S+L- 

Retroviruses infectious to humans 

MRC-5 

isolation, oocultivatton 

RT; S+L- 

Retroviruses infectious to humans 

Wl 38 

Isolation, cocultivation 

RT; S+L- 

Retroviruses infectious to humans 

293 

Isolation, cocultivation 

RT; S+L- 

Retroviruses infectious to humans 

A549 

isolation, cocultivation 

RT; S+L- 

Retroviruses infectious to humans 

Raj] 

Isolation, cocuitivatron 

RT 

Retroviruses infectious to humans 

Humań PBMC 

Isolation, cocultivation 

RT, KIV p24 El A 

HIV and other human retroviruses 


J The endpoint assays indude the fotlowing; RT, reverse transcriptase; PERT, product enhaneed reverse transcriptase (induding aJso product enhanced reverse 
transcrtptase and reahtime quantitaUve product enhanced reverse transcnptase assays); and E1A, enzyme immunoassay, 
b A guail celi; primary fibroblast cultures of chicken or turkey origin aro also sometimes used. 


Retroviral infection Es dependent on the presence of receptors on the host celi membranes. The presence of such receptors 
confers host celi tropism* 


DESIGN FOR RETROVIRUS INFECTMTY ASSAYS 

Two types of infectivity assays are used, depending on the naturę of the test materiał. For materials other than intact cells, 
the test materia! is inoculated onto one or morę of a variety of detector cells, and the latter are then passaged as required to 
amplify any virus present, Because of the naturę of retroviral repllcation, cytopathic effects typically do not occur d u ring infec¬ 
tion, although there are some exceptions* Before the first subculture and atthe end of the finał passage, one or morę endpoint 
assays are employed to detect the presence of a retroyirus* For test materia Is in the form of intact cells, detector cells are see- 
ded and subseguently Enocufated with the test cells, resulting in a cocultivation. The cultures are passaged five or morę times. 
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Before the first subculture and at the end of the finał passage, one or morę endpoint assays are employed to detect the pres¬ 
ence of a retrovirus. 


ENDPOINT ASSAYS FOR RETROYIRUS DETECTION 

Endpoint assays may be classified as direct, which lead to distlnct morphotogical changes in the detector cells; or indirect, as 
measured by the detection of biochemical, molecular, or immunologital markers for infection. 

XC-PIaque Assay—The XC-plaque assay was developed as a direct means of detect] ng infectioLis murine retroviruses, De¬ 
tection of the retrovirus is accompllshed by UV-irradrating the detector cells used to amplify the virus and oyerlaying the irradf- 
ated detector cells with a specific rat celi (XC). The presence of infectious murine retroviruses in the detector cells is reflected 
by the formation of distinctive syncytia in the XC monolayer, which are easily visLialized when the cultures are fixed and 
stained with a suitable dye such as crystaJ violet. 

The N/B tropism of an ecotropic murine virus may be determined by inotulating Bafb/c and NIH Swiss detector cells with 
the isolate, performing one or two passages on each celi Jine, and companng the XC-plaque titer post pasśage to that deter¬ 
mined for the initial isolate. 

Mink and Feline 5+L- Focus Assays—The S-t-L- focus endpoint was deveioped to facilitate direct detection of infectious 
murine xenotroprc and amphotropic viruses. The test sam ple may be inoculated directly into cultures of the 5+L- cells, or, 
alternatively, may be amplified first by inoculation into mink lung, human, or Mus dunni detector cells, CelJ-free supernatants 
from the detector celi cultures are used to moculate the S+L- cells. The latter are infected with a sarcoma virus that is replica- 
tron-defective, requiring the presence of a helper leukemia virus to render it capable of causing transformation of the host celi. 
The presence of infectious retrovirus virus in the detector cultures is reflected by the formation of charactenstic focaf areas of 
celi transformation in the S+l- cells caused by the rescued sarcoma virus. 

Detection of Retroviral Reverse Transcriptase—Assays designed to measure reverse transcriptase (RT) activity are useful as 
an indirect detection method, because the enzyme is indicative of the presence of all retroviruses, whether infectious or not. 
The RT enzyme is encoded for in the retraviraf genome and is used by the virus to transcribe genetic information in viral ge¬ 
nomie RN A into proyiral DNA. 

Radiolabeled Nudeotlde Incorporation Assay—The earliest methods for measuring RT activity were based on the measure- 
ment of * 2 P- or ł H-labded nucleotide incorporation into the complementary cDNA product, using an appropriate RNA tern- 
piąte, Incorporation of radiolabeled nucleotide at levels higher than a predetermined threshold is interpreted as evidence of 
the presence of retroviral RT activity. The contributions of cellular DNA polymerases can be ruled out through use of a dual 
template assay (having both RNA and DNA templates) or inclusion of activated calf thymus DNA. 

Pmduct-Enhanced Reverse Transcriptase (PERT) or Ćfuantitatiye PERT (Q-PERT )—Pofymerase chain reaction amplification has 
been used to inerease the sensitivity of RT activity measurement. RT activity is detected by PCR amplification of complementa¬ 
ry DNA, newly synthesized from an RNA template by reverse transcriptase. The assay may be performed with a gei endpoint 
(PERT) or as a quantitative assay (O-PERT), This method has inereasingiy gained acceptance by regulatory agenties. For morę 
details on PCR-based techniques, see the USP generał information chapter Nudeic Acid Based Technique$—Amplification (1127). 

ELECTRON MICROSCOPY 

Transmission electron microscopy (TEM) may be used tc detect and enumerate virai particles within cells. In addition, the 
technique allows for differendation of types A, B, C, and D retroviruses based on morphological considerations and can be 
used to tocalize viral particles within the cefl. As a technique for Identification of viruses (including RNA and DNA viruses in 
generał), TEM of sectioned celis Is extremely valuab[e. The cells, typically sampled during the Jog phase of growth, are pelleted 
by low-speed centnfugation, and the celi peflet is fixed with a suitable fixative. The fixed celi pellet is embedded, sectioned, 
stained, and observed with TEM, Size (diameter) of the particles, morphology, presence or absence of surface features such as 
envelopes and spikes, and location within the celi can be determined with this technigue, Such information is important for 
the identification of a virus. However, faiSure to observe virai particles with this method does not conclusively demonstrate the 
Jack of virat contaminatfon in the sample. 

Biological fluids may atso be evaluated by TEM, primarrly to determine particie size and concentration. The cell-free superna- 
tant is subjected to ultracentrifugation to pellet any virus present. The resulting pellet is fixed with a suitable fixative, A prede¬ 
termined number of grid spaces containing representative areas of thin sections of the pellet are eyaluated for particles. The 
enumeration results obtained may show a high degree of variability, and faifure to observe particles does not imply that nonę 
were present in the sample. Molecular (quantitative PCR and quantitative PERT) endpoints have also been used as alternative 
methods for estimation of viral particie Joad in samples. 

ANTIGEN-CAPTURE ENZYME IMMUNOASSAY 

Spedfic viral proteins (e.g., HIV p24 antigen or avian leucosrs viral enve!ope proteins) may be detected as a means of de ter- 
mining the presence of a retrovirus. Viral antigens are captured by specific antibodies coated onto microtiter piąte weils and 
are detected by the addition of a second labeled antibody and appropriate substrate. 
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Assays Designed to Detect Specific Viruses 

Additionai methodologres have been developed to allow detection of specific yiruses or groups of vimses. These types of 
assays are often used for raw materiał eyaluation. in some cases, these specific assays were developed because the target yiru¬ 
ses do not eause endpoint responses in the viral screening assays. In eontrast to screening assays, specific virus assays are typi- 
caliy optimized for detection of the target vlrus or viruses. This optimization takes into account the fabifity of the viru$, the host 
rangę, the possible endpoint responses elicited, and any speciaf requirements of the target virus. The use of well-characterized 
yiruses as positive Controls in such assays proyides assurance that the methodofogies are suitable for the target virus or yiruses. 
Spiklng of the test sample matrix with the positive control virus enables the investigator to assess the potential for matmc inter- 
ference and to assess the limit of detection for the method. Such considerations are not appJicabfe to screening assays. Specific 
yfrus testing for bovine- and pordne-derlved raw materials is discussed befow. Eyaluation of caprine, ovine, eguine, taninę, 
and fetine raw materials is also stipulated in 9 CFR section 11 3.47. This section shouid be consulted with respect to the yiruses 
of concern, and 9 CFR 11 3.52 shouid be consulted for methodology. A list of commonJy employed indicator celi lines and 
their application in raw materials testing assays is provided in Table 2. A list of commonly employed indicator celi lines and 
their application in detection of specific yiruses is also proyided (see Table 3). 

DETECTION OF BOYINE VIRUS CONTAM1NATION 

Raw materials of bovine origin include such commonly employed medium components as feta! bovine and calf serum, se¬ 
rum albumin, collagen, thrombin, and trypsin. Bach of these additives represents a route of entry for adyentitious viral contam- 
inants into a celi culture or manufacturing process. Reguirements for eyaluation of such materials ensure the absence of con- 
taminating yiruses. 

For the details on testing for bovine serum and its derivatives, see futurę generał chapter 8ovtne Serum {1024). 

DETECTION OF PORCINE VIRAI CONTAMiNANTS 

Raw materials of porcine origin include trypsin as we!l as other celi culture reagents. The specific porcine yiruses of concern 
In the United States are stipulated in 9 CFR 113.47 and include porcine parvovirus, porcine adenoyirus, transmissible gastroen- 
teritis virus, and porcine hemagglutinating encephalitis vlrus. In addition, porcine raw materials must also be evaluated for the 
presence of bovine viral diarrhea virus (BVDV), reovirus, and rabies virus. Porcine tissues intended for xenotransplantation into 
humans also are routineiy evaluated for the porcine endogenous retrovirus (PERV). The host cells typically used in the detec¬ 
tion of porcine yiruses are porcine testicle or porcine kidney, a bovrne celi, and Vero cells. The methodology described in 9 CFR 
113.52 is analogous to that for eyaluation of boyrne raw materials and includes provision for muitiple subcuitures, for Ciemsa 
staining of fixed cells, for hemadsorption testing, and for use of specific immunostaining of fixed cells. 

CELL-BASED DETECTION OF MURINE MINUTĘ VIRUS 

Murtne minutę virus (MMV) is a mouse parvovirus that has been detected in blologics manufacturing involving Chinese 
hamster celi substrates. As with other parvoviruses, MMV represents a special case in that the virus is difficult to rnactiyate us- 
ing typical cleaning agents and is capable of survtving for prolonged periods of time on surfaces. Cell-based assays for MMV 
involye detector celi lines that are especially susceptible to this virus, such as 324K (a human celi) and A9 (a murine celi). Opti¬ 
mization for detection of a parvovirus also includes provision for detector celt subcuitures to remain in log-phase division for a 
significant portion of the incubation period. Endpoints for detection of MMV include one or morę of the foflowing: cytopathic 
effect, hemagglutination of mouse and guinea pig erythrocytes, immunostaining, and polymerase chain reaction. 

CELL-BASED DETECTION OF INSECT-BORNE VIRUSES 

insect-bome yiruses include both yiruses infectious only for insect cells (e.g., baculovirus) and those transmitted to mam ma- 
lian cells via insect yectors (arboviruses), Detection of the fcrmer may be accomplished using an insect celi as a detector celi. 

Suitable substrates might include cells of Spodoptera , Trichoplusia, Drosophila, mosguito, or other insect origin. Such ceils are 
typically cultured at lower temperatures (25 D to 28 p ) reladve to mammalian cells, and many of these cultures are suspenslon or 
semiadherent at best. Endpoints may include cytopathic effect, electron microscopy, and PCR. 

Of morę relevanee to patient safety ts the detection of arboviruses (insect-bome yiruses infectious to animais and humans). 
This may be accomplished using a suitable mammalian detector celi. The Syrian hamster kidney celi (BHK-21) is a celi linę that 
has shown susceptibility to a wide rangę of arboyiruses. This celi linę grows in a monolayer culture, and the endpoints that 
may be used include cytopathic effect, hemadsorption and hemagglutination, and PCR. 
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CELL-BASED DETECTION OF HUMAŃ CYTOMECALOVIRUS 

Humań cytomega!ovirus (CMV) is a slow-growing virus of special concern for biologies produced using human celi sub- 
strates. It may be detected in cell-based assays using human diploid detector ceHs such as WI-38 or MRC-5, provided that suffh 
ciently Eong durations of incubation are employed (28 or rrore days), The endpoints incfude cytopathic effects and i m mu nos- 
taining and/or PCR. 

In Vivo Methods 

Intact: and susceptible animais may serve as potential host organisms for detecting viruses iń test samples. In this case, viral 
profiferation in the tissues of the host animal may be reffected as adverse Health effects (including death) that tan be moni- 
tored and recorded, VI rai detecfion assays based on intact animais are śntended to complement in vitro assays, because some 
vrruses that do not cause a response in the in vitro assays may be detectable in the animal systems (and vice versa). Virai safety 
studies employlng live animais must be performed In accordance with applicable regiona] guidelines for the ethical use of ani- 
maEs, using laboratones that are accredited for the housing of the animais. 

IN VIVO VIRAL SCREEN 

The in vivo vlral screen Is used primarily for celi bank, virai seed stock, and viral vaccine testlng and is considered to comple¬ 
ment the in vitro virus screening assay. Multiple animal species, as well as muEtiple injection routes, are employed to provide a 
broad rangę of host tissues and possible responses. A fist of commonly used host animais, routes of inoculatron, and target 
vimses are shown in Table 5. 


Tabie S. In Vivo Vfral Screening Assay s 


Kost Animal! 

Roote of Inocuiation 

Target Vims 

Suckling mouse 

Intraperitoneal injection 

Arboviruses 

Intracranial injection 

Coxsackie A and B 

Per os injection 

Herpes simpJe?c Type 1 and 2 


Togaviruses 


Junin 


Herpes B 

Adult mouse 

Intraperitoneal injection 

Rhabdoviruses 

Entracraniai injection 

Toga vi ruses 

Per 05 injection 

Lymphocytic chofiomeningitis virus (LCMV) 

Guinea pig 

Intraperitoneal injection 

Rhabdoviruses 

Intracranial injection 

LCMV 


Lassa 


junin 


Marburg 


Ebola 


Vaccinta vi ruses 

Embryonated hens 1 eggs 

Allan to ic 

Arbavimses 

Yo]k sac 

Eguine encephalomyelitis vfmses 

Chorio-allantoic membranę 

Herpes vi ruses 


Influenza 


Mumps 


Newcastle disease 


Paralnffuenza Types 1 and 2 


Ra bies 


Vaccinia 


Varfo!a 


LymphogranuEoma venereum 


Ornithosis 


Fol łowi ng injection of the test sam ple, each ammaf model Is monitored for an appropriate period of time that allows for the 
obsen/ation of clinical signs of viral infeetiom Any abnormallty is Investigated to determine the cause of the effect. 

The suckling mice are observed for an appropriate period of time, Pooled homogenates from any surviving animais are then 
passaged into additiona! litters of suckling mice. The Eatter are observed for an additionał period of time. 
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The gwinea pigs are observed for dinicai signs of viral infection and for injection s\te lesions, Necropsy for gross tubercular 
fesions is performed for certain types of test samples. 

AIJantoic fluids from eggs can be tested for hemagglutination of chicken, guinea pig, and human type-0 erythrocytes. Addi- 
tional fluids are pooied for each treatment group (test artlde and control), and these are passaged (inoculated) into a new 
group of embryonated eggs, Following an approprEate inaibation period (typically measured En days), the aflantoic fluids are 
agaln tested for hemaggfutination of chicken, guinea plg, and human type-0 erythrocytes. Following injection by the yolk sac 
route, the eggs are incubated for at Jeast 9 days and are assessed for vEability, The yolk sacs are then harvested and pooled for 
each group (test artide and contro!), and a 10% solution of the resulting materiał is inocuiated by the same route into a new 
group of embryonated eggs. The eggs are agatn incubated for an approprEate period of tlme (days) and are assessed for vlabil- 

ity- 

1N VIVG ASSAYS INTENDED TO DETECT SPECIFIC VtRUSES 

Some in vivo assays are designed to detect, if not spedfic viruses, at Eeast spedfic sets of viruses. The antibody production 
assays use the production of a humoral immune response in susceptibie host animals inoculated with test samples. Viral anti- 
body-free animaJs of the yarious species are injected with the test sam ple. At the end of an appropriate incubation period, one 
or morę of a variety of endpoint assays may be performed to detect the generation of a humoral antibody response in the 
animal sera. Production in the anlmal of antibodies directed against a spedfic virus provides evtdence of the presence of virai 
antigen or Enfectious virus in the test sampie. This type of assay is typically used to ensure that rodent celi banks and viral seed 
stocks are free of adventitious vimses. Three antibody production assays, along with the route of injection and target viruses, 
are summartzed In Table 6 ♦ 


Table 6. In Vivo Antibody Production Assays 


Antibody Production Assay 

Route of Injection 

Target Virus 

Mouse antibody production (MAP) assay 

Intranasal 

Ectromelia 

Intraperitoneal 

Hantaan 

Intracranial 

Mouse K 


La eta te dehydrogenase eievating virus 


Lymphocytic choriomeningitis virus (LCMV)* 


Murine minutę virus 


Mouse adenovirus 


Mouse cytomegakwirus 


Mouse encephalomyelitEs vlru$ type II 

Mouse antibody production (MAP) assay 


Mouse hepatitis virus 


Epizootie diarrhea of infant mice 


Pneumonia virus of mice 


Polyomavirus 


Reovirus type 3 


Sendai 


Mouse thymic virus 

Hamster antibody production (HAP) assay 

Intranasal 

Lymphocytic choriomeningitis virus (ICMV) + 

intraperitoneaf 

PaIyomavirus 

Intracranial 

ReowErus Type 3 


Sendai 


Simian virus S 


Intranasal 

Hantaan 

Intraperitoneal 

Ktlham rat virus 

Intracranial 

Mouse encephaEomyelitis vjrus type II 


Poiyornavrrus 

Rat antibody production (RAP) assay 


Reovirus type 3 



Sendai 



Too!an's Hi virus 



Rat corGnavirus/siatodacryoadenitis virus 


* A group of test sample-rnjetted mice is challenged with a known lethal dose of authentk LCMV. If this group of mice does not die from the challenge dose, a 
second group with twice the number of mice is used for a repeal challenge if there are survivors in this group, the test sampie is considered positive for LCMV„ 
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Considerations for Va(idation, Matrix Oualifkation, and Quality Control of Celi* and Animal-Based 

Test Systems 

VEral detection assays used to ensure the viral safety of human and animaJ therapeutlcs are expeeted to have undergone 
va!Edation. The approach to the validation depends on the naturę of the assay and associated regulatory compliance level. 

Any assay should be sufficiently developed that it can be performed with an appropnate set of predetermined system suita- 
bility and aeceptance criteria. These criteria usuaily include the use of relevant negative and posttive Controls but may also in¬ 
clude requirements for linearity and meeting of a predetermined detection limit. The results consfitutlng a positive or negative 
response in the assay should be establlshed prior to execution of the validation. An assay used under CMP compliance is ex- 
pected to have been va3idated according to appropnate guidetines. 

An assay used to ensure the safety of a com merdał fy marketed biological product must be further characterized for suita bili- 
ty in the presence of the specific product matrix. The matrix quallfication study should address the potentiaJ for specific inter- 
ference wfth the viral detection endpoints used in the assay, and typlcally invoJves spiktng of one or morę model viruses into 
the product matrix at levels approaching the limit of detection to ensure the absence of interference. 

For quantitative detection assays, the detection limit should be probed. This usuaily involves spiking of the model virus(es) at 
decreasing amounts into medium or the product matrix. The Jowest spiking leve! of the virus reliably detected is used as an 
approximation of the actual limit of detection of the assay, Experimental error for these cefl culture-based assays is usualiy ex- 
pected to be in the rangę of 0.5 to 1 Iog 10 . The determination of a detection limit is fess meanlngful for limit tests and viral 
screening assays in generał. For the latter, knowfedge of the detection limit for one virus does not imply a similar limit for an- 
other virus. Since screening assays are not optimized for a specific vtrus, the limit of detection for the assay can vary greatfy 
from one virus to another, 

Animahbased viral detection systems are generally not siibject to the reguirements for validation, matrix quallfication, use of 
positive Controls, and determination of detection limit that regulatory agencies expect of cell-based and biochemical tests. The 
use of animals for safety testing is subject to the regional guidelines for the ethical use of animals, and the kinds of activities 
listed above generally are not constdered appropriate use of animals* However, negative control animals are included in these 
assays, and retrospective validation or gap analysis based on historie incidence of system suita bility failures or positive findrngs 
Es sometlmes posstbJe. 

DETECTiON OF V!RAL COMPONENTS 

Direct detection of viral components can provide a direct measurement of viral !eve!s in a sampfe preparation. It has also 
become primarily important for detection or Identification of viruses in biological products or in the raw materia Is used in their 
manufacture. Systems capable of identifying components unigue to specific phases associated with viraf latency and replica- 
tion are now available. During interaction with their host cells, viru$es may incorporate modified host molecules during the 
production of new intact virus partlcles, or they may Induce discernable changes in host celi makeup or function. 

Most immunological methods and reagents currently available detect the constituents of intact vlrions. It is the relative 
abundance of these proteins that makes them most amenable to the development of antibody-baseb reagents. Abundance 
also makes them optimaI targets for detection of the virus. Recently devefoped targeting and detection reagents are aimed at 
minor viral components that may be found only during specific phases of replication. These allow a morę detailed analysis of 
the stage of viral infection. The basie methodology for the detection of viral antlgens is welt established, but morę recent Inno- 
vations in materia Is and reagent development have broadened its appiication. 

Deveiopments in the targeting and detection of viral nucteic acid components have led to enzyme-based systems for the 
amplification of nucleic acids in vitro and in situ (see NudeicAcld-Bosed Techniąues—Amplifkation (1127)). The potentiaJ specif- 
icity of this detection method allows the examination of biological systems with a high degree of confidence for the presence 
or absence of a specific targeted virus. A wide vanety of reagents, technology platforms, and methodologies are available. The 
a im of this section is to eiaborate on the most common practlces and platforms used in the detection of viral components. 

Sampie Selection and Preparation for the Detection of Viral Components 

This subsection addresses generał considerations for various types of test samples and the most common assay targets (viral 
proteins and nucleic acids). The targ et proteins may have varying leveis of posttranslational modification (e.g., glycosylation, 
phosphorylation), and the target nucleic acids may be either RNA or DNA, single or double stranded. Therefore, Et is important 
to have a basie understanding of the physicochemical naturę of the vlrus under study so that the sampie handling procedures 
support the detection of the target component For detailed considerations regarding the extraction of nudeic acids, see the 
USP generał Information chapter Nudeic Acid-Based Techniques—Extraction / Detection , and Sequendng (1126). 
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Types of Samples 

CELLULAR 

When vira1 components are assodated with intact cells, samples musi be generated either as wbole celi lysates or as subcel- 
fular fractions. Maintaming the temperaturę of the test samples at or near freezing (0° to 4°) during processing and limiting 
the time tbat samples are held rn an unfrozen State will reduce the potential for loss of target antigens and nudeic acids due to 
cytosolic enzymes (proteases, nucleases) present in the celi lysates. Reagents that can inactfvate or limit the activity of such 
enzymes may be used to prevent degradation of the target components, especially when exceptionally la bile samples must be 
handfed at room temperaturę. Centnfugation of intact cells allows for some additional manipulatton of the sample matrix. The 
growth medium can be discarded and the cells suspended in a buffer form ula ted to enhance the recovery and detection of the 
targeted viral component Collection and storage parameters should also account for the presence of cellular DNA. This can 
increase the viscosity of the sample, rendering it dffficult to pipet. 

TISSUE CULTURE SUPERNATANT 

Depending on the stage of the infection and the type of virus involved, the conditioned medium may represent a preferred 
test sample. An advantage is that the presence of cellular debris can usually be reduced through use of a Jow-speed centrifuga- 
tion (darification) step. The main disadvantage is the potentially Iow concentration of the analyte, and therefore concentration 
of the sample may be required. 

PROCESS INTERMEDfATE (UNPROCESSED BULK HARVEST) 

In generał, viral safety lot release testing is done at the bulk harvest stage prtor to any purifkation. This ts true regardless of 
whether the assay detects infectious virus or viral components. The presence of host celi DNA may need to be assessed in the 
case of biologics manufactured in animal celfs. 

Sample Stabifity and Matrix Effect 

Sample stability is a key element in the successful detection of viral components. Protein structure can be altered by numer- 
ous environmental factors, including pH, ionic strength, $olvent$, detergents, temperaturę, and free radicals. In addrtion, eom- 
plex biological matnces freguently contain proteolytic enzymes that can aiter or destroy key antigenrc features of a protein or 
peptide. Sample collection, storage, and handling must allow matntenance of the antigenic features targeted by reagent anti- 
bodies. 

Conformational changes affecting the opportunity for antigen detection are diffituft to address. Depending on the reagents 
required for detection, conformational changes may be required for antigen detection. For examp!e, if antibodies are pro- 
duced for an antigen detection system ustng native viral antigen, then unmasking and maintaimng the conformation of the 
antigen throughout the sample preparation is essential. Conversely, if peptide fragments are used to produce antibody, then a 
denaturation step may be requtred to allow for effectlve antigen detection. 

Condibons assodated with sample preparation must be investigated in a combinatoria! fashion whereby one parameter or 
component is varied while all others remain fixed. In this way, the formulaffon of lysis and processing buffers can be optimized 
for pH, ionic strength, and types of detergents and denaturants. The sample preparation steps must condition the targeted 
antigen in order to obtain the form most readily recognizec by the reagent antibody. 

The stabifity of nucleic acids in test samples is largely affected by nudease activities present in the sample and the degree of 
protection provided by the intact structure of the virus particie. Encapsidated nudeic acids are particularly stable as Jong as the 
integrity of the capsid is maintained. Viral capsids are vulnerabie to proteolytic digestron. Virus partkles stored at ambient tem¬ 
peraturę as part of a complex biological matrix are especially susceptible to degradation by proteases. Storage at refrjgerated 
tempera tu res (2* to 8°) for short periods of fime or at temperatures below freezing can be used to limit proteolytic activity. 
When samples are stored at frozen temperatures, freeze-thaw cydes should be limited. Under conditions where an indivrdual 
sample must be accessed multiple times, preparation of aliquots is advisable. 

SAMPLE COLLECTION 

In a biotechnology setting, sample collection is dictated by sampllng plans that are estabfished to meet regulatory require- 
ments. Nudeic acid testing in association with an amplification step has the potential of detecting a virus at the earlier stages 
of infection. The use of nucleic acid amplification methods reduces the dependence on timing and the amount of materiał 
required, because the amplification process effectively boosts assay sensitivity by increasing the amount of target relative to 
background. 
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General aspects of nudeic add sampfe preparation and stability are discussed in Nudeic Add-Bosed Techniques — Extraction , 
Detection, and Seąuendng (1126)* The following section speoifically addresses the unlgue aspects of viral sample selection and 
preparation. 


SAM PLE STORAGE 

Conditions for sample storage should be consistent with maintaining the antigenic properties of targeted viral proteins 
and/or preserving the nudeic acid content of the sample, The duration and temperaturę of storage is drctated also by cyde 
times associated with testing. 


IMMUNE COMPLEX DISRUPTION 

The masking of antigen epitopes may occur when other proteins assodate at or near the epitope targeted by reagent anti¬ 
bodies, For viral antigens this may occur when the antigen comprises the structural component of the virus. Such viral anti- 
gens are likely to retain strong affinities for other viral proteins or the ability to exist in multimeric form under normal condh 
tions for detection. Another obstacle for epitope recognilion is the naturally occurring immune complex when reagent anti- 
bodies have been developed to detect native protein in a blood plasma matrix. Immune complexes consisting of viral antigens 
and host antibodies are normal in such physfologic samples. The stronger the host immune response, the morę fikely masking 
of antigen due to immune complex formation will occur. Methods aimed at the preparation of blood and plasma samples for 
detection should address the presenee of preexisting immune complexes and incorporate steps designed to disrupt such com- 
plexes to improve the opportunrty for viral antigen detection. 

Detection of Viral Antigens 

Viral capsid proteins are eommon targets for antigenic detection methods. Structural proteins that make up the framework 
of the vira! core are often some of the most abundant vfra! proteins produced during viral replication. In nonenveloped viruses, 
the core structural proteins are likely to provide the dominant antigenic features. When the virus is enve!oped, proteins associ¬ 
ated with the em/elope often provide key antigenic features. This section examines methods commonly used to detect viral 
antigens and addresses consideratlons aimed at optimizing formation of the appropriate immune complex. 

ASSAYS USED FOR THE DETECTION OF VIRAL ANTIGENS 

Immunologie methodologies used to detect viral antigens are based on the specificity and affmity of the antibody and viral 
antigen interaction. Of the various platforms available, one commonly employed in vira! safety testing is immunofluorescent 
antibody staming. This lends some degree of viral specificity to the cell-based methods described in the first part of this chap- 
ter. Other technigues include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay, and Western blotting. The 
principles and generał methods for these assays will be described in the USP generał information chapters Immunological Test 
Methods—General Consideratlons (1102), Immunological Test Methods—Reagent Development (1103), Immunological Test Meth¬ 
ods—tmmunoossay Methodologies (1104), and Immunological Test Methods—Assay Design , Quality Controi and Data Analysis 
(1105), being prepared for futurę publication. The following sections will generally address aspects specifrc to their use in virol- 
ogy. 

Immunofluorescence Assay—The immunofluorescence assay (also referred to as immunofluorescent antibody staining) is 
used to detect vlral proteins expressed in various celfular tompartments. Since the technique can detect viral antigens within 
single cells, it confers a high degree of sensitivity and enables infeetion to be detected at a very early stage. The technigue is 
often employed as a detection endpoint for cell-based viral infectivity assays to provide addftional sensith/ity and specificity 
(see tests for raw matenais as described in 9 CFR 113.53). In addition, the techniąue is employed for verifying the identity of 
viral stocks and is useful as a means of identifying viruses detected in vira! screening assays, 

Enzyme-Linked Immunosorbent Assay (ELISA)—EUSA is best suited for detection of sofuble antibodies and antigens in a 
variety of test samples. Sensitivity, guantification, robustness, ease of experimentation, and readily avaiiable inexpensive re- 
agenfs make it adaptable to a high throughput environment. For viral antigen detection, a sandwich ELISA assay is commonly 
used. A viral antigen specific antibody (preferably a monoclonal antibody with high affinity) is first immobilized onto a solid 
phase. The test sample is then incubated for a predetermined period under appropriate conditions. After washing, a second 
antibody that recognizes the vira( antigen is incubated. The second antibody is linked to either an enzyme or a chromomeric 
reagent that emits signal with an appropriate substrate and can be recorded with an appropriate instrument. The assay can be 
performed in a quaiitative or a quantitative manner. For a qualitative ELISA assay, sufficient replicates of both positive and neg- 
ative controi samples are required in order to determine the appropriate cut-off value and the assay acceptance oiteria. A 
mean value of a test sample that is equal to or greater than the cut-off value is considered positive. For a quantitative ELISA 
assay, an additional standard curve with a positive reference standard materiał of known guantity must be established. The 
number of replicates should be adequate to determine the assay variation and linearity. The quantity of test sample can be 
calculated against the standard curve. 
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Radioimmunoassay (R1A)—The radioimmunoassay is a versatile quantitative immunoassay that can be used to detect sub- 
stances induding viral antigens and antibodies. It even can be applied to nonprotein molecuies as long as an antibody that 
specifically binds the test substance is avai labie. Radioimmunoassays can be customized in different formats to suit specific test 
requirements. Many of the considerations taken into account with other immunological assays are appficable to the RIA. In 
generał, radioimmunoassays can be divided into two major categories: solution (homologous) and solid-phase radioimmuno¬ 
assays. Both methods have been successfully used to detect and quantify a variety of viral antigens or components of viru$es, 
such as hepatitis A, B, and C; human and murine retroviruses; adenovirus; avian C-type virus; rubelia virus; and respiratory syn- 
cytial virus. 

Western Blotting (Immunobloting)—Western blotting, also known as rmmunoblotting, is used to identrfy specific anti- 
gens in the presence of other, potentially cross-reacttve antigens. In this ease, the spedficity requ?red is obtained by eombining 
the antigen-antibody reaction with some form of separation (typicafly electrophoresis), Depending on the visualrzation meth¬ 
ods employed (mełuding drgital methods such as densitometry), this method can be quite sensitive and even semiquantitative, 
One advantage of this approach is that in addition to detecting the antigen using an immunological approach, data on the 
approximate mass of the target protein may be obtained. A potentia! caveat is that most test proteins are denałured during 
this procedurę and that antibody that depends on epitope conformation may not recogntze the linear epitopes. 

Detection of Viral Nucleic Acids 

The detection of viral nucleic acids prwides another route for the determination of virat foads and for estabfishing the iden Li¬ 
ty of a eontaminant. Nucleic acids, like protein antigens, are essential components of vimses, and detectable quantities are 
usually indicative of viral presence. Detection assays can be designed and developed in some cases to parse viremia into pha- 
$es, especially when the differentiation of nucleic acids along functional forms and configu rations can provide elear insight into 
vira] actiyity. Assays can be designed to determine whether viral DNA has been integrated into the host genome or stlll is en- 
capsidated. Early viremia may be detected as viral mRNA transcripts prior to the accumulation of detectable viral particles. Nu¬ 
cleic acids may be the only detectable viral component of viruses that do not replicate well in tissue culture systems. Such 
systems may fail to produce maturę vtrus particles, but the detection of viral transcripts can provide insight into whether the 
virus has the abilrty to infect the celi, Nucleic acid testing represents the most useful endpoint for the detection of certain viru* 
ses failing to cause responses using typical endpoints. 

SAMPLE PREPARATION: SPECIAL CONSIDERATIONS FOR NUCLEIC ACID TESTING 

The degradation of nucleic acids in samples can be limited through proper handling and storage practices and even en- 
hanced by closely iinking sample collection and preparation steps, In addition to preparing nucleic acids for further processing, 
denaturation is an important step toward stabilizing nucleic acids where storage temperatures extend above 0°. 

Denaturation and Dissodation of Virions (Viral Lysis)—Chaotropic detergents and salts can be important agents for dis- 
rupting and removing viral proteins that make up the viral capsid. Their addition can provide a useful first step when concen- 
tratton of virions is not necessary or even possible. In sufficient quantity they rapidly denature the entire contents of a biologi- 
cal sample, essentially fixing nucleic add content through the inactivation of nucleases and other proteins that may affect sam¬ 
ple stability. Saturated Solutions containing guanidium salts, such as guanidine hydrochioride or guanidine isothiocyanate, are 
commonly used for the dissodation of viral nucleic acids from protein components. These Solutions may be used alone or in 
combination with ionic detergents and other denaturants such as phenol. The main advantage of guanidinium salts is that 
they are readily removed during the concentration of viral nucleic acids using ethanol or isopropanoL Urea may also be used 
as a mild denaluring agent, although it does not perform as effectively as guanidine in its ability to disrupt virus particles. 

Deproteinrzation—The removai of proteins during the processing of samples for the detection of viral nucleic acids is help- 
ful in ensuring the reproducibiiity and robustness of assays, particularly those that rely on amplification to detect exceplionatly 
Iow guantities of nudefc acids. Several strategles may be used to fadlitate deproteinization of Lhe sample; they are discussed in 
Nucleic Add-Based Techniques — Extraction, Detection, and Sequencing (1126). 

Recovery of Viral Nucleic Acids—Separation and recovery of extracted viral nucleic acid are important steps in the testing 
of nucleic acids. Nucleic acid yield and purity obtained at this step are critical determinanta of assay robustness. Poor nucleic 
acid recovery and limited purifreation may inhibit amplification and detection reaction resulting in poor assay sensitmty. The 
deve!opment of high-yiefd, high-purity recovery steps is an important goa] in the optimization of nucleic acid detection meth¬ 
ods. Detalls on the generał aspects of extraction and detection of nucleic acids are discussed in Nucleic Add-Bosed Techniques — 
EKtraction, Detection, and Sequencing (1126). However, if nc inhibitory components are identified in the system, direct testing 
on an aiiquot of a sample may inerease the assay sensitivity. 

fsotatlon of Vlral DNA—fntegrated viral genomes must be recovered and processed along with the genome of the host 
celi, The viral genome is analyzed within the context of the host genome, and therefore similarities be twe en virus and host 
genomes must be accounted for to ensure that assay results are specific for the virus and do not simply reflect the presence of 
cross-reacting host genome sequences, Virai genomes that exist as episomai entities require similar consideration, but there 
may be opportunities during sample preparation to limit the amount of host nucleic add present in the preparation. Sedimen- 
tation gradients or siiica-based separation chromatography can sometimes be used to enrich episomai nucleic acids through 
size-related exclusion or partitioning of processed nucleic acids. 
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The recovery of encapsidated viraf genomes may allow for Jarger amounts of materiał, espedally if the target viru5 has accu- 
muiated in large guandties in the system being monitored. When the amount of materiał available for recovery is Iow or the 
Processing of targe amounts of the materiał is impractlcal, the process of isolating and condftioning the virus partides, and 
subsequently the encapsidated genome, must be compatlble with the assay system that will be used, Portions of the viral ge- 
nome may need to be amplified, or the genome itseif may be captured in an elaborate process that allows detection through 
the generation of an amplified signal. A standard method for isolating vrra! genomes may need to be modified appropriately to 
ensure that materials used in the preparation do not interfere with steps conducted later in the process* 

Viral genomes that consist of RNA are typically converted to a DNA intermediate that is easier to handle and storę. Methods 
aimed at the isolation of viral genomes consisting of RNA, however, reguire similar considerations conceming the localizatton 
of the genome: replicating RNA viral genomes may be recovered as part of a preparation of host total RNA or even mRNA rf 
the genome contains polyA seguences. RNA lends itseif morę effectively to hybrid capture methods during isolation, and hy- 
brid capture can be used to enrich RNA preparations spedfically for RNA viral genomes. RNA genomes tan be extracted from 
virus particles in much the way that DNA viral genomes are extracted* RNA genomes are converted to complementary (tDNA) 
sequentes using retroviral RT. Storage is of greater toncem for naked viral RNAs. Storage of RNA usually reguires temperatures 
beiow -20°. 


Detection of Viral Genome Versus Viral Transcripts 

Viral genomes exist as either DNA or RNA, or sometimes both: in the case of retrovimses the integrated genome is DNA, 
whereas the entapsidated form is RNA. The ability to differentiate among the various forms of viral nudeic acids can help to 
efucidate the course of specific viral infections. Assays for nucleic add activity can differentiate readily between integrated and 
encapsidated genomes when the form of the viral nucleic add varies between States, as in the case of retrovimses. Incorpora* 
tion of specific nucleases into the assay methodoJogy can be used to reduce or efimmate one form over the other. If viral ge¬ 
nomes are known to integrate at specific sites within the host genome, primers and probes can be developed around the inte* 
gra tion site and incorporate significant elements of both host and vtral genomes. Some viral mRNAs contain splice sites, and 
the differentiatron of spticed nudeic acld seąuences from unspliced seguences creates a unrgue mechanism for deterrnining 
the status of nudeic add localization and infection. 

C H AR ACTE RIZ ATI O N OF DNA VIRAL GENOMES 

Methods for the recovery and preparation of viral genomes for characterization depend on the State of the vira! genome. If 
the genome has been incorporated into a cellular compartment, the recovery and preparation strategy must take into account 
the cellular components that make up the sample matrix. If the vjral genome targeted for analysis is the encapsidated form, 
the methods must focus on recovery of the virus particie and must include additional steps aimed at extracting the nudeic 
acid from the individua! particles. Identification and characterization of viral genomes require specific complementary nucleic 
add probes and primers whose sequence wilf be dictated by available information about the seguence of the targeted viral 
nucleic acids and the type of assay that will be used. Determination of the seguence of the viral nucfeic acid of interest usually 
provides the most unambiguous means for characterization. However, a n urn ber of methods can be used as simple indicators 
for the presence or absence of specific seguence^based characteristks* For exampfe, melting curve profiles using short oligonu- 
cleotide seguences can be used to establish whether a specific viral genotype is present 

IDENTIFICATION AND GENOTYPE ANALYSIS 

Nucleic acid testing is often used to identrfy viral isolates obtained from viral screening assays or to provide identtty for viral 
stocks* Methods used for the identification of viral genomes are not untque to other applications in the field of molecular biof- 
ogy. Typically, an amplification step is reguired in order te achieve guanttties for analysis* Amplified seguenemg of the arnpli- 
cons or application of a standard hybridization technigue may be employed for morę detail as to the naturę of the amplified 
signal, For morę details, refer to Nucleic Acid-Based Techniques—Amplification (1127)* 

HYBRIDIZATION TECHNIQUES 

A variety of hybridization techniques are used to detect viral nucleic acid $equentes, including Southern biot, Northern biot, 
DNAse/RNase protection, in situ hybridization, microarray technology, and other technigues. The description of these meth¬ 
ods, wh ich is weII beyond the scope of this chapter, can be found in Nudeic Atid-Based Technkjues — Extractłon / Detection , and 
Seguendng (1126). 


DETECTION OF ANTIBODIES TO VIRAL ANTtCENS 

A variety of methods are available for detection and guantlfication of antibodies to viral agents, including neutralization, 
complement fixation, and immunoassays based on enzyme- or fluorescently labeled reagents. Although many details of the 
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immunologlcal methods mentioned above are beyond the scope of the chapter, thls section addresses specific application as- 
pects of viral antibody detection, including preparation and storage of test samples, common assay methods and platforms 
avaiiable, and specific examples of how these assays may be used to measure antibodies to specific viral agents. 

Viral Structure Relative to Antigenic Composition and Selection of Antibody Assay 

Mammafian viruses vary considerably In their nudeic add content and thus the number of antigenic, virus-specifit proteins 
produced. 

Many viral proteins or glycoproteins are higlily antigenic and induce a potent humoral tmmune response during natural in- 
fection, whether in humans or in animal modefs. In most cases, the immune system responds when the virus and its antigens 
appear in the extraceflular fluid or on the infected celi membranes. The degree to which viral antigens are expressed is gov- 
emed by the intracellular replication and protein synthesis of viruses in host organ tissues and by the several possible types of 
virus-host celi interaction. Antibodies produced as a result of natura! vrrai infection are likely to represent the broadest re¬ 
sponse to antigens in their native State. 

When selecting, developing, or evaluating an assay method for measurement of antibodies to virai proteins, the analyst 
must take into account the source of the antibodies and the method by which they were obtained or prepared. Details will be 
presented in Immunological Test Methods—Reagent Development <1103) and Immunologkaf Test Methods—Immunoossay Meth - 
odologies (1104)* 

General Considerations Regarding Sample Preparation for Antibody Detection of Viral Antigens 

Antibodies are relative!y stable, but care must be taken to ensure the integrity of the test antibodies during sample prepara¬ 
tion and storage. Serologie tests may be devefoped to measure antibodies to viral agents in unfractionated biological fluids* 
The possibility for matrix interference with the antibody detection method should be considered. 

In generał, biological test samples should be darified by centrifugation or filtration, depending on their intended use. Serum 
samples should not be hemolyzed, lipemic, or icteric* In some cases the specimen should also be heat-treated to inactivate 
endogenous complement and other components* 

Test samples should be processed as soon as possible. When ft is necessary to storę samples, most test samples should be 
stored at -20 0 for short-term storage and below -80° for long-term storage. For aII samples, the stability of the materiał needs 
to be assessed experi men taiły* Aliguots of appropriate volume should be prepared in accordance with test procedures to avoid 
u n n e cessa ry f reeze- th a w cyc I es, 

Antibody Methods 

This section discusses the primary methods for detecting antibodies directed against virai antigens. The assay methods often 
include a variety of alternative formats for the detection of antibody. Only the morę common ly used formats for antibody de¬ 
tection are discussed in this section* Some methods, ind ud i ng fluorescent antibody assays and enzyme immunoassays, are 
wldely applicable to the detection of antibodies to many different viral agents; others are limited to selected viruses having 
certain properties (e.g., hemagglutinins). 

IMMUNOFLUORESCENCE MICROSCOPY FOR ANTIBODY DETECTION 

When fluorescein isothiocyanate (FITC) is chemically coupled to an antibody molecule, the resulting FITC-labefed antibody 
can be used as a secondary antibody probe to detect the presence of a primary, virus-speciflc antibody bound to a virus-mfec- 
ted celi on a microscope slide (indirect immunofluorescence)* 

The indirect immunofluorescence or indirect fluorescent antibody (IFA) assay is one of the most basie and useful methods for 
detection of antibodies to viruses. The assay can be used to detect both virus-specific IgC- and IgM-class antibodies* When the 
assay is used to detect IgM antibodies, it usualty requires the physical removal or inactivation/binding of IgC-class antibodies. 

In the absence of this step, the presence of IgM-specifk antibody may be masked by excess IgG-specific antibody competing 
for primary binding sites on the substrate surface* IFA assays may be qualitative or quantitatrve. 

The IFA for antibody to viral agents requires the use of vlrus-infected cells expressing viral antigens in cellular membranes. 
Viral stocks are prepared, titered, and used to infect permissive cells in tissue culture. The cells are harvested at appropriate 
limes, washed, and spotted onto multiwell microscope slides at an appropriate density* Control slides are also prepared with 
noninfected cells* The slides are allowed to air-dry and then tixed in cold acetone. The fixed slides can Łhen be stored under 
appropriate conditions for extended time periods* The stability of the viraf antigens over time should be confirmed* 

The test article to be examined for the presence of vtrus-specific antibodies can be applied to the slide, followed by an ap- 
propriate secondary antibody conjugated with a fluorescent lag that can be visualized under a fluorescent microscope. IgG- or 
IgM-specific antibodies can be distinguished by using the aporopriately prepared secondary antibody* 

Reading and correctly interpreting endpoints of IFA slides for antibody detection requires an experienced analyst, particularly 
when ceilular location and fluorescent-stalning patterns are critica! for a specific viru$. Such interpretation reguires the use of 
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appropriate Controls and scoring or intensity of fluorescerce. This is highly dependent on the ąuality of reagents, the eonsis- 
tency of the fluorescent microscopy and light source being used, and the experience of the anafyst. 

ENZYME IMMUNOASSAY FOR ANTIBODY DETECTION 

The El A and variations of It are the most widely used methods for the detection of viral antibodies in serum and other bio- 
logtcal products. The most commonly used El A for antibody detection is referred to as a noncompetitive solid phase E]A for 
antibody detection. The typical config uration of an EIA fo- antibody invo!ves coating tubes or microwell pfates with viral anti- 
gen(s), the addition of test serum or product to the tubes or wells, the binding of specific antibody in serum or product to 
antigen, and the detection of bound antibody by addition of a second antibody with binding affinity to the primary antibody, 
which is labeled to allow for its detection. 

The assays can be specific to IgG- or IgM- ciass antibody or may detect totai antibody. Assays for IgM may achieve improved 
specificity when performed as IgM-capture assays. These assays involve the use of plates or wells coated with anti-IgM antibody 
to capture totai IgM in serum or product as a first step. Sub$equentfy, viral antigen Is added; it binds to the piąte only if virus* 
specific IgM antibody has initially been taptured, and it isdetected by addition of a second iabeled antibody specific to viral 
antigen. The assay is most often performed as a qualitative measure of the presence of an antibody for a specific virus. Sufft- 
cient replicates of both positive and negative controł samples are required in order to determine the appropriate cut-off value 
and the assay acceptance criteria, A mean value of a test sam ple equaf to or greater than the cut-off value is considered posi- 
tive. 

COMPLEMENT FIXATiON TEST 

Complement fixation has selective value in allowing for simultaneous assay of antibodies to a wide variety of vtral agents, 

The procedurę invoives multiple variables consisting of two pairs of antigen-antibody reactions. The first reaction, between a 
known virus antigen and a specific antibody in the test sample, takes place in the presence of a predetermmed amount of 
exogenous complement. The complement is removed by the antigen-antibody comp!ex. The second antigen-antibody reac¬ 
tion consists of sheep red blood celis (SRBCs) and hemolysin (antibody against SRBC). When this indicator system is added to 
the reaction mixture, the sensitized SRBCs will łyse only «n the presence of free complement. The extent of lysis of SRBCs is 
inversely correlated with the amount of the antibody in the test artide. 

The experimental procedurę involves the optimal titration of concentrations of hemolytlc serum, complement, and viral anti¬ 
gen, using chessboard format If used as the test sample, human serum should be inactivated at 56° for BO minutes to inacti- 
vate the endogenous complement activity. A ntimber of important Controls must be run along with the test, and results musi 
be within limits before the test can be properly interpreted These include the sensitivity of SRBCs to lysis and complement 
concentration used. The relative amount of vjrus-spedfic antibody present can be determined by tesbng serial dilutbns of the 
serum or product. The complement-fixing titerls the reciprocal of the highest dilution that prevents 50% hemolysis. 

NEUTRALIZATION FOR ANTIBODY DETECTION 

Neutralization for the measurement of antibodies to viral agents is still one of the most valuable assays avai!able because of 
its high specificity and its ability to detect neutralizing antibodies. Neutralization is defined as the loss of viraf infectivity 
through the binding of specific antibodies to virai coat proteins {or envelope glycoprotems) on the surface of the infectious 
vira! particie. The assay may be used to measure the presence of antibodies to a known virus in a serum or product sample, or 
converse!y to identify an unknown virus by using a serum or product sample containing known antibodies. 

Before performing a neutralization assay to measure the presence of antibodies in serum or product, a known virus must first 
be grown and titrated in the test system in which the neutralization assay will be performed. For viruses prepared in celi cul- 
ture, this usually involves inoculating susceptlble cultures with relatively Iow multiplicity of infection (MOI; <1 PFU per celi) and 
harvesting the infected celis when about 50% to 75% cytopathic effect (CPE) is demonstrated. The virus preparation is then 
titrated by preparing serial muitifold dilutions and inoculating replicate tubes or piąte cultures with a fixed volume of the virus 
preparation. The endpoint of the titration is the dilution of the virus that wili infect 50% of the celi cultures inoculated. This 
endpolnt is said to contain one 50% tissue culture infective dose (TCID SQ ) in the vo!ume used. If the test system involves ani- 
mal lethality, the end point is referred as one 50% lethal dose (LD S0 ), The amount of virus used in the neutralization assay to 
follow is typical ly standardized to contain 100 TCID 5Q or LD stł . 

The test or host system used in neutralization assays is chosen on the basis of the specific virus to be tested and its ability to 
replicate in the system. The commonly used host systems include celi culture, embryonated chicken eggs, and mice. Celi cul¬ 
ture is usually the preferred test system, because the viruses used in the neutralization assay usually readily replicate and pro- 
duce CPE. Susceptible host celis are grown in monolayers in dishes or multiwel! piąte cultures. After the virus/neutralizing se¬ 
rum mixture is added, the cultures are overlaid with agar-containing medium to restrict spread of CPE and allow development 
of vfrai plaques. The prevention of p!aque deveiopment is indieatwe of the presence of neutralizing antibody. Alternatively, 
neutralization can be performed in tubę monolayer cultures or even m suspension tissue culture. Embryonated eggs may be 
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used when the viru$ to be used or tested does not produce plaques in tissue culture systems, The route of inoculation and the 
endpoint depend on the virus. 

Neutralization assays may be set up in various ways, depending on the specifie virus of interest and the serum or product to 
be tested for neutralizing activity« In generał, a fixed amount of infectious virus is preincubated with undiluted and serial dilu¬ 
tions of serum or product to be tested for neutralizing activity and separately with preimmune serum or control product; this 
approach is referred to as the constant vtru$-varying serum method. Following preincubation, the mixtures are separately injec- 
ted or added to the test system. Reduction in infectivity between test and control serum or product is scored in various ways, 
depending on the test system. The endpoint of the assay is generałly defined as the highest drlution of the serum or product 
that neutralizes one-half of the initial vtral inocuEum, as calculated by Reed-Muench or the SpearmarvKarber method, 

The titer of neutralizing antibody in the test serum or product is the reciprocal of the highest dilution that completefy inhib- 
its CPE or other virus effect in the test system, This dilution is said to contain 1 neutralizing antibody unit per unit volume used 
in the titration. When a serum or product known to contain neutralizing antibody is used in an assay to determine the identity 
of an unknown virus, 20 neutralizing antibody units in a fixed volume are generally used in the assay. Positive and negative 
contro! sera must give expected reactivity in the assay. 

HEMAGCLUTiNATION INHfBITfON (HAl) 

A number of enveloped viruses, including the influenza and parainfluenza viruses, acguire protein receptor* capable of bind- 
ing RBCs (hemagglutinins) of various animal species on their surface as they bud through infected celi plasma membranes dur- 
ing virai maturation. In addition, some nonenveloped viruses such as adenoviruses and certain enteroviruses have hemaggluti- 
nln proteins in their outer capsid. This property allows for detection of a specifie viru$ in a sample if a known specifie antibody 
to the virus is available. Alternatively, the presence of antibody specifie to the virus can be detected and quantitated by its 
ability to inhibit hemagglutination. This is the prindpie of the hemagglutination inhibition (HAl) test, 

The HAl test for antibody is performed by maksng serial dilutions of the specimen to be tested and mixing the dilutions with 
a fixed amount of the virus or specifie viraf hemaggiutinin protein in a tubę or microtitration piąte format. Indicator RBCs from 
the appropriate animal species are added, the suspensron is mixed, and the tubes or plates are allowed to stand fora predeter- 
mined period. If specifie antibody ts present, the virus will bind and the RBCs wili not agglutinate; they will settle to the bot- 
tom of the tubę or piąte and form an RBC "button", If specifie antibody is absent, the RBCs will be agglutinated by the virus 
and form a diffuse film. The titer of the serum or product h the reciprocal of the dilution that completely inhibits agglutination* 

HAl is very useful for subtyping influenza virus isolates. A number of factors contribute to the potential variability of the HAl 
test. Certain serum samples and products may contain nonspecific inhibitors of RBC agglutinins, which may yield false-positive 
results. A number of procedures have been developed to remove such inhibitors, including adsorption and heat inaeth/ation 
procedures. Specimens may also contain RBC agglutinins other than specifie antibody, and these may contribute to false-nega- 
tive results. Appropriate preparation and titration of reagents, including RBCs and viraf hemaggiutinin stocks and suspenstons, 
is critical. In addition, Controls for nonspecific agglutination or inhibitors of agglutination must be included in every assay* 

WESTERN BIOT (OR IMMUNOBLOT) ASSAY FOR ANTIBODY DETECTION 

The immunoblot, or Western biot, assay is a technigue for the simultaneous detection of antibodies to vanous protein anti- 
gens of a given virus* The term recombinont immunoblot assay (RIBA) is applicable when the starting protein mixtures are re* 
combinant proteins obtained from prokaryotic or eukaryotic expression systems instead of crude or partially purified virus from 
infected cells* The method is often used diagnostically as a supplementary or confirmatory test in situations where an initial 
assay for antibody lacks sufficient specrficity or is known to be prone to false-positive results. This is especially important when 
the test is being used to diagnose an infection of clinical significance such as HIV or HCV Infection. 

A number of commerdał immunoblot kits are availabie, particularfy for viruses such as HIV and H0V; several have regulatory 
approva! for diagnostic use. Alternatively, viral antigen preparations may be produced in-house or purchased, along with other 
reagents required for the assays* Careful control and/or sourcing of these reagents are critical to ensurrng that compliance re- 
quirements are maintamed. 

For selected viral agents, there are generally accepted interpretive standard* for the analysis of reactivity or positive results in 
an immunoblot assay* However, the presence of nonspecific bands may be due to antibody reactmty to cellular protein anti- 
gens caused by autoimmune diseases and/or the use of crude virus-infected celi proteins as antigen in the assay. Indeterminate 
reactions may also occur if only a limited number of specifie antibody bands are observed. 

Appropriate positive and negative control sera must be included in each assay and reactivity must be scored for both the 
presence and the intensity of expected protein bands. 

Application of the Antibody Detection Methods to Specifie Viruses 

Humań blood-borne pathogens that may be present in infectious form In human donated blood used directly in the produc- 
tion of biofogical products are a concern because they may present a risk of transmission to others. Testing for vtrus-specific 
antibodies in donated blood serves as a screening procedurę for the efimination of suspect units* Al terna tive!y, the viruses may 
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represent important agents for which human vacdnes have been or are being developed. Thus the ability to detect virus-spe- 
cific antibodies in an rmmunized individuai or animal model may be important for demonstratmg the efficacy of the yaccine. 
Currently, in the United States, a number of FDA-approved screening or definitive tests may be condueted on donated units of 
blood for evidence of the presence of agents of infectious diseases, incłuding hepatitis B and C viruses, human immunodefi- 
ciency virus, and West Nile virus. In addition, plasma sent for fractionation before produclion of p!asma-derived products is 
required to be tested for hepatitis A virus (HAV) and human parvovirus B-19. 

CLOSSARY 

Acceptance Criteria: Antidpated results, which may be numerka! lirnits, ranges, or other characterization for the tests de- 
scribed. They estabiish the standards to which a drug substance or drug product shoufd conform in order to be considered 
acceptable for its intended use. 

Adyentitious Agent: Acguired accidental contaminant in a celi linę such as viruses and toxins; the agent is often infectious* 
Amplkon: A segment of DNA generated by the PCR prccess whose sequence is defined by forward and reverse primers. 
Antibody: An infection-fighting protein molecule that binds, neutralizes, and helps destroy foreign mkroorganisms or toxins. 
Also known as immunoglobulins, antibodies are produced by the immune system in response to antigens. 

Antigen: Any agent tliat induces the production of an antibody and reacts spedfically with it. 

Assay Vafidation: A forma!, archived demonstration of the analytical performance of an assay that provides justification for 
use of the assay for an intended purpose and a rangę of acceptable potency values. 

Bioassay: Analytical method that uses living animals, cel s, tissues, or organisms as test subjects. 

Bioiogics: Products such as antitoxins, antiyenins, blood blood derivatives, immune serums, immunologie diagnostic aids, 
toxoids, vaccines, and related articles that are produced under license in aocordance with the terms of the federal Public 
Health Servke Act (58 Stat 682) approved July 1,1944, as amended, have long been known as "bioiogics.” However, in Table 
III, Part F, of the Act, the term "biologkal products" is applied to the group of licensed products as a whole. For Pharmacopeial 
purposes, the term "bioiogics" refers to those products that must be licensed under the Act and comply with Food and Drug 
Regulations—Codę of Federal Regulations, Title 21 Parts 600-680, pertaining to federal contro! of these products (other than 
certain diagnostic aśds), as administered by the Center for Biolog ics Evaluation and Research or, in the case of the relevant 
diagnostic aids, by the Center for Devites and Radioiogica! Health of the federal Food and Drug Administration. [Definition 
from Bioiogics (1041), USP-NF vol* 30 (2007), p. 414.] 

Biotechnology-Derived Product: Macromolecufar article derived from biotechnology processes such as recombinant DNA 
(rDNA) technology, hybridoma technology, and the like. 

Bulk Harvest: 5ee Unprocesseć Bulk Harvest 
Capsid: The outer protein shell of a virus particie. 

Celi Bank: A defined population of cells, such as an immortalized celi iine, grown by a defined process and cryopreserved in 
a defined process and within a defined passage number rangę, The assumption is that each vial from a celi bank is comparable 
and that when thawed and added to a manufacturing vessel (or an analytical assay), it will perform in a consistent way. 
Chaotropic: A reagent that causes moleeular stmeture to be disrupted; in partkular, those formed by noncovaient forces 
such as hydrogen bonding, van der Waafs interactions, and the hydrophobic effect 

CompJement: A group of proteins in the blood that work in concert with other immune system proteins and cells (such as 
antibodies) in attaching foreign substances. 

cDNA: Complementary DNA. Two strands of nuclek acid that can hybridize by specific base patring between the nudeoti- 
des. 

Confluency: Refers to the point when 100% of the surface area of the vessel is covered in cells. 

Cryopreservative: Reagent used to keep a celi alive in deep-frozen condition (usually tn liquid nltrogen). 

Cytopathk: Damaging to cells, causing them to exhibit signs of dlsease or celi death. 

EU5A: Enzyme-linked immunosorbent assay. A biochemical technique used to detect the presence of an antibody or an anti¬ 
gen In a sample. 

Endpoint Assay: An analytical method that measures the amount of accumulated product at the end of the assay. 

Epitope: A moleeular region on the surface of an antigen that is recognized by an antibody and can combine with the specif¬ 
ic antibody produced by such a response; also called a determinant or an artttgenic determinant. 

Glycoprotein: Protein that contains sugar side chains added as a posttranslationa! process; the presence of sugar side chains 
often affects activity, antigenicity, and in vivo stability. 

Host Celi Tropism: The rangę of susceptible cells that a particular micraorganism can infect. 

ICH: The International Conference on Harmonization of Technical Requirements for Registration of Pharmaceutkals for Hu¬ 
man Use. 

Limit of Detection (LOD): The lowest concentration of an analyte in a sample that can be detected, not guantitated, !t is a 
limit test that specifies whether or not an analyte is above or below a certain vaiue. It is expressed as a concentration at a 
specified signako-noise ratio, usually 2 or 3. 

Mycoplasma: Parasttic microorganism that infects mammalian cells, possessing some charactenstics of both bacteria and vi- 
rus es. Prokaryotk microorganisms belong to the family Mycopiosmalaceae, with no celi walls. They may gro w attached or dose 
to celi surfaces in the cytoplasm and subtly change the properties of the cells. 
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Passage: An operational procedurę used to feed cultured tells, usually by providmg fresli medium and dilution of cells in a 
new culture yessel. The number of such operations is referred to as the passage number. It is not the same as celi generation 
number, which is stricdy related to celI doubling time. 

qPCR: Quantitative polymerase chain reaction. A modification of the polymerase Chain reaction used to rneasure the guantity 
of DNA, complementary DNA, or ribonudeic acid present in a sample. Like other forms of polymerase chain reaction, the 
process is used to amplrfy DNA samples via the enzyme DNA polymerase. 

Raw Materials: Ali components used to manufacture a drug substance or drug product; regulated by 21 CFR 211. 

RT-PCR: Reverse franscriptase polymerase chain reaction A yariation of the PCR technique in which cDNA is madę from RNA 
via reverse transcription. The cDNA is then amplified using standard PCR protocols. 

Serotype: The kind of microorganism as characterized by testrng for recogmzable antigens on the surfaee of cells of the ml- 
croorganism. 

Spiking: Adding a known amount of analyte from a laboratory standard acting as a tracer to check a method for recovery or 
accuracy. 

Syncytrum: A multinucleated mass of cytoplasm that is not separated into individual cells. 

System Suitability: The checking of a system to ensure system performance before or during the analysis of unknowns. Pa¬ 
ram eters such as piąte count, tai ling factors, resolution, and reproducibitity are determined and compared against the speeifi- 
cations set for the method. These parameters are measured during the analysis of a system suitability sample, which is a mix- 
ture of main components and expected by-products. 

TCfD^: 50% tissue culture infeetive dose. The Jevel of dilution of a virus at which half of a senes of laboratory wells contain 
active, growing virus. 

Unprocessed Bulk Harvest: The pooled harvests of celi culture fluids that constitute a homogeneous mixture for manufac¬ 
ture into a unique lot of product. 
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INTRODUCTION 

An overview of vaccines for human use is presented in Vacdne$ for Haman Use—General C onsiderations (1235). Bacterial vac* 
cines can be derived from whole cells, either killed or attenuated in their ability to cause disease, or from some component(s) 
of the intact celi that are important for virulence or damage to the host. Another subset of bacterial yaccines, derived from 
toxins, is the toxoids. Bacterial vacdne products can be mixtures of components from different species, from different strains 
or different serotypes of the same species, or from different components from cells of the same specles. 

The simpiest bacterial yaccines consist of the purified cell-surface ca psu lar polysaccharides (CPS) from organisms such as 
Salmonella enterka serovar Ty phi, yarious menmgococcal serogroups, or pneumococcal serotypes that cause meningitis, otJtis 
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media, acute respiratory infections, and pneumonia. Although the typhoid yaccine consists of a single polysaccharide, the me- 
ningococcal yaccines contain as many as four serogroup-spedfic CP5, and the pneumocoeca! vacdne contains 23 serotypes. 

The immunological response to meningococcal and pneumocoeca] poiysaccharides, and to the capsular polysaccharide 
from Haemophilus infłuenzae type b (Hib), is improved by covalent attachment of the CPS or an otigosaccharide derived from it 
to a suitable carrier protein. The immunological response to these glycoconjugate yaccines is elicited via immunologie path- 
ways different from those induced by purified poiysaccharides, creates a T-cell-dependent response, and establishes immuno¬ 
logical memory. The carrier proteins are typically bacterial toxoids or bacterial outer membrana protein vesicles but may also 
be from other sources. For these products, anti-CPS antibodies appear to be suffident to protect against disease, although the 
glycoconjugate yaccines also may reduce carriage of the organisms In the nasopharynx. Due to the complexity of their manu- 
facturing processes, glycoconjugate vaccine products tend to contain fewer serotype or serogroup components than do the 
related punfied polysaccharide yaccines. 

Many bacterial pathogens, including those that cause dtphtheria and tetanus, produce toxins that kill tissue, immunological 
neutralrzation of these toxins is sufficient to prevent disease. These subunit yaccines consist of chemicatly detoxified toxins 
(toxoids) purified from cuiture supernatant and are capable of eliciting neutralizing antibodies against the native toxin.Other 
types of purified subunit and purifkation processes may be deveioped, 

Although earlier pertussis yaccines consrsted of myrlad chemically inactiyated whole-cell and toxin components, current 
acellular products contain various combjnations of specific purified proteins, sometimes toxolded (e.g., flmbriae and other celi- 
surface protein components). Compared to oider products, these yaccines apparently produce protection by a different modę 
of action but have a lower inddence of adverse events. A combination of diphtheria and tetanus toxoids and an acellular per¬ 
tussis vaccine form the core components of many polyvalent pediatrie and adult combination yaccines. To these may also be 
added an Hib glycoconjugate, hepatitis B, and/or inactiyated poliovirus immunogens, 

Uve attenuated bacterial yaccines are currentfy limited to Bacillus Calmette-Guerin (BCG), which protects against tuberculo- 
sis when administered through the skin, and the 5. typh/Ty21a construct, which is an orał yaccine against typhoid fever. 

The tmmune response against these bacterial polysaccharide and protein antigens can be inereased by mclusion of adju- 
yants. The primary adjuvant licensed in the United States is based on afuminum salts such as alummum hydroxide and alumt- 
num phosphate, although deyelopment and characterization of new adjuvants is an active area of research, 

RAW MATERIALS 

Raw materials can directly affect the Identity, strength, purity, and guality of bacterial yaccines. A consistent manufacturing 
process criticalJy depends on use of consistent raw materials (e,g., during seed banking, fermentation, harvest, purification, 
and formulation; see Voccines for Humon Use—General Consideratiom (1235)). Raw materials for bacterial growth media typi¬ 
cally consist of both well-defined Chemical entities (e.g,, amino adds, carbohydrates, yitamins, minerals) and morę complex 
components (e.g., protein hydrolysates, yeast extracts, peptones). Manufacturers should consider the source of each of these 
raw materials to ensure that they come from reliable vendors who adhere to cGMP quality standards and can assure a long- 
tenm supply. Manufacturers should communicate with raw materiał yendors in order to avoid any changes in the sourcmg or 
manufacture of components and to avoid supply shortages. Withoutsuch Communications, the consistency of the fermenta* 
tion process and the supply of the yaccine can be adyersely affected. Consistent raw materials are particularly critlcal for morę 
complex fermentation components such as yeast extract or peptones for which changes may be difficult to detect but are like- 
ly to have a direct effect on fermentation. 

Accurate records of the composition and source of the cuiture medium used in seed banking and routine fermentation 
should be maintained and also document refease criteria for raw materials or components. Manufacturers should d eter minę if 
any of their raw materials are derived from animal origin, ff additives from animal sources are added to the cuiture medium, 
they should be certified to be free from contaminants and adventitious agents such as those that cause bovine spongiform 
encephalopathy or transmissibie spongiform encephalopathy. Vendors/manufacturers shouJd provide Information about the 
identity and source of additives and should test for adventitious agents. Use of antibiotics should be mlnimal or should be avoi- 
ded to ensure that no unwanted antibiotics are included in the drug product, unless they are intentionally used in manufactur¬ 
ing (e.g,, as selective markers). 

As manufacturers scalę up fermentation to pilot produetton (i.e., within tenfold of finał manufacturing scalę), they also 
should ensure, to the extent possible, the avaifability of multiple sources for alf raw materials. This will ensure that supply or 
business instabilities at one vendor do not become the fimitmg factor in yaccine manufacture. 

CELL BANKS 

Source and Histoty 

The source of cells used in celi banks should be documented. The original isolate should rnclude, when possible, the age, 
sex, and spedes of the donor; the donor's medical history: and, if avai!able, cuiture history including methods used for the 
isolation of the substrate bacteria. 

The source of cells from which the strain was derived is to be stated, and releyant references from the sdentific literaturę 
should be dted, The source should generate a sufficient amount of antigen(s) to meet the medical need. Information obtained 
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direetly from the source laboratory fs preferred, When this is not avatlabJe, literaturę references can be used to provide bacterial 
classlfieation (i,e,, genus, spedes, and strain designation) and spedfic phenotypic and/or genotypie trait. For microbial-expres- 
sion Systems such as £. coli or S, pneumonlae , the manufacturer should describe the method used to prepare the DNA coding 
for the protein, intludlng the celi and origin of the source nucleic acki Ali propagations earried out with the original isolate 
should be documented and should include, as applicable, the method used for subouJture, any use of anima!-derived materiał, 
record of subcultivations, and storage conditions. Constituents of the culture medium must be described, in particułar, materi- 
als of human or animal origin such as serum, enzymes, hydrolysates, or other living cells. 

For microbial-expression systems, the steps in the assembly of the expression construct must be described in detali, This de- 
scriptlon should include the source and function of the component parts of the expression construct (e.g., origins of repllca- 
tion, antibiotic reslstance genes, promoters, enhancers, and whether or not the protein is syntheslzed as a fusion protein), 
Manufacturers should provide restriction endonuclease digestion maps that illustrate the sites used in preparing the expressfon 
construct and sites used in Identification of DNA fragmentu 

A compiete nudeotide sequence analysis of the expre$sion construct's coding region for the protein of interest should be 
performed. The sequence analysis should be provided and should include a compiete annotation designating all of the impor- 
tant seguence features. The copy number and physical State of the expression construct should be determined. 

Cel! Bank Lineage and Genealogy 

A flow chart can be used to demonstrate the preparatior of the celi bank lineage from the original source, through prelimi- 
nary celi banks (or process deve!opment celi banks, as applicable), to the Master Celi Bank (MCB) and production Working Celi 
Banks (WCB). 

Manufacturers should describe their strategy for providing a continued supply of cellsfrom their celi bank(s), induding the 
lot size and anticipated use ratę of the celi bank(s) for production, the expected intervals between generation of new celi 
bank(s), and the crlteria for qualtfication of celi bank(s), If multiple WCBs were used for clinical trials, process validation, or 
commercial supplies, flow charts can help illustrate the common source (i.e., MCB) from which the WCB were derived. 

Once an MCB is produced, a celi bank system should be generated to prevent unwanted drift that might ensue from repea- 
ted subcultures or multiple generations. The system should ensure that an adequate supply of equivalent cells exists over the 
entire life span of the product. Ordinarily, the celi bank system consists of two tiers: an MCB and a series of WCB derived from 
the MCB. When additional tiers of WCBs are prepared, manufacturers should clearly identify the generation that wili be used 
for WCB, 


Celi Bank Manufacture 

Generally, the MCB is madę from a preliminary celi bank derived from the original source or direetly from an initial clone, 
Manufacturers generally prepare cells for banking by expanding cultures in a progressively greater number of vessels or In łarg- 
er vessefs until a pool of cells is obtained, if manufacturers use morę than one vessel, they can ensure the uniform composition 
of the contents by combining the cells from all of the culture vessels. 

For microbial-expression systems, a single host celi that contalns the expression construct is propagated to generate the 
MCB, Manufacturers should document the celi cloning history and method of transferrlng the expression construct into the 
host celi, They also should compietefy describe methods and crlteria used to amplify the expression construct and to select the 
celi clone for production, 

The process for WCB used in clinical trials and for commercial supply should be similar to the MCB process. A WCB is de- 
rived from one or morę containers of the MCB and is typically used to direetly provide cells for the manufaeturing process, 
Additional WCB are generated from the MCB as needed. 

Preferably the MCB and WCB should be prepared In a similar manner, bul the MCB and WCB may differ m certain respeets 
(e,g„ culture components and culture conditions), Similarly, the culture conditions used to prepare the MCB and WCB may 
differ from those used for the production process or between clinical trial materials or commercial supply, The preparation pro- 
eedures for all celi culture processes must be described, and details of process changes must be documented. Comparability of 
product quality must be demonstrated when process changes occur between WCBs. 

Celi banks should be madę under cGMP because they are expected to last for the lifetime of the product The facifity should 
be operated to minimtze the chance of microbial contamination and have in place procedures to prevent cross-contamination 
with other materials, Critical equlpment used in the preparation of celi banks should be qualified, Manufacturers should estab- 
lish the celi bank in a suitably controfled environment to protect both the cel! bank and personnel handling it During the es¬ 
tablishment of the celi bank, no other living infectious materiał (e.g., viruses, celi Jines, or celi strains) can be handled simulta- 
neously in the same area. 


Celi Bank Validation 

The celi banking process should be considered a unit operation and should be validated. The process begins with the MCB 
vial and the celi bank process validated for preparing WCB, The suitabllity of WCB for infended use should be further demon- 
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strated by the conststency and quality of successive product batches, Qualified banks should be used for process validation of 
fermentation, drug substance, etc. If tliis is not possible, then manufacturers should perform a small-scale demonstration of 
the appropriateness of the celi bank. The basie principles of process validation apply, ineluding use of validated analytical 
methods and stability evaluation, 

Manufacturers should describe the methods used to preserve celi banks, ineluding the cryoprotectant and media used. Stor- 
age containers (e.g., vials, ampules, and other appropriate vessels) and closure systems should be described. Contalner-closure 
systems should incorporate materials and designs that withstand storage and retrievai without breakage or leakage and are 
physically and chemtcally compatible with the stored materiał. 

Celi Bank Testing 

A newly prepared celi bank {MCB or WCB) should be evaluated by a series of appropriate release and characterization tests 
on an aliquot of the celi bank or on cultures derived from it, as appropriate. The amount of testing required for an MCB may 
influence that required for subsequent WCBs, and the extent of testing both may influence the testing needed for production 
celi cultures. Manufacturers should evaluate all celi banks, ineluding bacterial cultures or recombinant bacterial expressbn Sys¬ 
tems, for identity, culture purity, and viability. Additionally, manufacturers should evaluate the genetic stability and consistent 
productivity of all celi lines. 

To confirm identity, manufacturers should perform appropriate tests to determine that the banked cells are what they are 
represented to be. Either phenotypic or genotypie characteristics can be used In identity testing to classify bacterial strains to 
species level, and when applicable, supplementary serolocical tests can be performed. For most microbial cells and transfected 
cells, analysis of growth on sefective media is usually adeqjate to confirm host celi Identity. Where a variety of strains can be 
used, biological characterization methods soch as phage typing should be considered as supplementary tests. Expression of 
the desired product is also considered adequate to confirm the identity of the microbial expression system. 

It must also be demonstrated that celi banks are biologically pure (Le., free from adventitious microbial agents). Testing for 
adventitious agents should include tests for bacteria, fungi, mycopiasmas and viruses, as applicable* 

Additionally, all celi banks should be tested to confirm the yiability of the cells. Viable ceil counts or growth tests should be 
performed to demonstrate that the celi culture has sufficient viability and Is surtable for its subsequent intended use. 

Evafuation of genetic stability and persistence of productivity is a reflection of how many doublings the cells can tolerate 
without compromising their genetic integrity (e*g., plasmid retention) and productivity (e,g P , mass of product per celi). Such 
testing is critical to ensure that the celi linę performs reliably in the fuli course of the production process from the initial MCB 
stage through the longest production intended. As part of this evaluation, manufacturers should document the number of pas- 
sages from the odginał source, the number of subcultivations from the original source to the MCB, from the MCB fo the WCB, 
and from the WCB to the finał bulk. The earliest and latest culture States (e.g., MCB and end production) should be eva!uated 
to ensure that the desired characteristics persist. Such a demonstration of celi linę stability is commonly performed once for 
each product marketing application. 

Characterization tests may be useful for demonstrating that the celi bank is composed of cells with the Intended phenotyp- 
ic/genotypic characteristics. Such tests can include cellular and colony morphology (i.e., use of selective and/or differential me¬ 
dia), biochemical profiles (enzymatic activity or substrate utiiization), tmmunological identity, characteristic growth, and antibi- 
otic susceptibility. 

Additionally, for recombinant bacterial expression celi lines (e.g., F. colt) molecular characterization testing can Include DNA 
sequendng of the target gene sequence along with the flartking regions, expression construct retention, and plasmid copy 
number. Anafysis of the expression construct at the nuclelc acid leve! should be performed with consideration that this verifies 
only the coding sequence of a recombinant gene. Restriction endonuclease mapping or other suitable techniques should be 
used to analyze the expression construct for insertions or deletions and for the number of integration sites. For extrachromoso- 
mal expression systems, the percent of host cells that retain the expression construct should be determined under selected and 
nonselected growth conditions. for cells with chromosomal copies of the expressfon construct, the nucleotide sequence en- 
coding the product could be verifled by redoning and seguencing of chromosomal copies. 

Much of this testing should be conducted on the MCB if possible, which will preclude the need to repeat much of the test¬ 
ing on each WCB or production lot, although sometlmes redundant testing (on both MCB and WCB) may be desirable. 

Limited identity testing is generalfy performed on each WCB if extensive identity testing was performed on the MCB. For 
recombinant products, the identity of the WCB should beassessed by restriction endonuclease mapping of the expression 
construct for copy number and for insertions or deletions. In addition, where appropriate, the WCB should be identified by 
phenotypic characterization (e.g., auxotrophy, antibiotic resistance). 

For each lot of WCB derived from the MCB, manufacturers should routinely test for contaminants that may have been intro- 
duced from the culture medium during preparation. Purity tests like those performed on the MCB to test for adventitious 
agents may be performed on the WCB. 

Characteristics of the recombinant protein product can also be applied (see below) as another means of defining the ultl- 
mate output of the cel! linę. 

In the event that a new MCB is needed, the testing performed on a new MCB should be the same as that performed on the 
original MCB unless justified. If a new MCB is to be generated by expression construct transfer into host cells followed by clo- 
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nal seleetion, then acceptance criteria for both the new clone and the protein produced by the clone should be described and 
justified. 


Celi Bank Storage 

In both MCB and WCB of the same product, similar containers (such as cryovials) are generally used and are treated identl- 
cally during storage, 

The location, identity, and detailed inventory of jndivśdual ampules of cells should be thoroughly documented with proce- 
dures that allow the celi bank containers to be traced. Labellng should clearly indicate the biological name of the components, 
uniąue Container number, lot or batch number if applicable, and the type of bank (such as MCB or WCB). The labei most 
withstand storage and retrieval without loss of integrity or Information. 

Celi banks should be estabfished, stored, and used in a way that minimizes the risk of contamination or cross-contamination 
by other celi types that may be present in storage, Once issued, banked materials cannot be returned to the controlled storage 
area. Access to banked materiał must be controlled by a strict inventory-control system with limited access by authorized indi- 
viduals only. 

Bacterial celi banks should be stored in either the Jiquid or vapor phase of liguid nitrogen or in mechanical freezers (generally 
<-60 e ). Storage conditions (generally <-60°) may be acceotable when supported by data that demonstrate that a minimum 
level of celi viability is maintained and is adequate for production use. Storage temperaturę and other critical storage condi- 
tions should be maintained within validated limits. Temperatures must be continuousfy monrtored and recorded, preferably on 
an alarm system. Shipping containers used to transport cryopreserved celi banks to offsite storage facilities or manufacturing 
facilities must be vafidated, and shipping qualification must be performed before use, 

Because of morę freguent usage of WCBs and to protect the MCB, the WCB should be stored separately from the MCB, Celi 
banks may afso be stored in two or morę widely sępa ratę areas within the production facility, as well as at a distant sEte in 
order to avoid loss of the celi bank (e,g., caused by equipment malfunctions or disaster at the site). When stored in different 
locations, the celi banks must be stored under the same conditions, 

As part of a disaster recovery plan, the manufacturer should document the steps and timeline needed to restart production 
of new celi banks and/or contingency pfans for continued manufacturing production. 

Storage Stabillty 

MCB and WCB should be placed in a stability program, Evidence for banked celi stability under defifted storage conditions 
usually is generated during production of clinkai triai materia! or commercial materiał from the banked cells. Data from the 
determination of celi vrability when the preserved cells are reconstituted for production of clinicai tria! suppłies can verify that 
the revived cells have survived the preservation process. Data from the preparation of clinicai materials are used to demon¬ 
strate that the revived cells can be used to prepare the desired product, 

Enough MCB materiał for the lifetime of the product should be put on stability (enough WCB should be put on stability to 
support the lifetime of the WCB). This can be a large volume because the product lifetime can be quite long (e.g., 50 years). 
During the preparation of the MCB, the lot size should be large enough to aflow adeguate inventory to support the fifetime of 
the stability study as well as production for the life of the product, Time points for such a long-term study might include 0, 6, 
and 12 months, and then perhaps every 1 to 3 years thereafter. Typically, no expiration dating is used for celi banks because 
stability studies are used to tonfirm the suitability of the materia I. Creater reliance is placed on the successful (and typka!) 
culture of the celfs themsdves. The proposed monitoring should be documented in pre~approved protocols. The time points 
can be reduced (e.g., increase the time between time points) if data indicate stability, In addition, time points can be added if 
sufficient materiał is available and the data suggest that morę monitoring is needed. The stability plan depends on the use ratę 
in manufacturing* 


FERMENTATION 

Production of the drug substance for a bacterial vaccine reguires a fermentation process that is consistent and suffidently 
productive to support commercial production. The approacb to achieving this has become fairly standardized and provides a 
relativeiy high probability of success for early batch production to support a development program, it is still a significant chal¬ 
lenge to achieve sufficient productivity to support commercial manufacture of a licensed product. Directly following any fer* 
mentation process is the harvest process, whlch serves as a transition step between biomass expansron and downstream proc* 
ess steps. For purposes of this chapter, harvest wili be considered as an extension of the fermentation process. 

Fermentation Starting Materials: Celi Inoeulum 

The celi inoeulum for the fermentation process is the single most important component for establishing a reproducible fer¬ 
mentation process. In early development before finalizing fermentation conditions, manufacturers typfealfy must generate an 
interim source of this inoeulum, a Process DeveJopment Celi Bank (PDCB), The origin of the PDCB should be a clona! isolate of 
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the original transfected or isolated strain that demonstrates surtable growth properties and produces the antigen of interest in 
sufficient quantity and quality for the intended purpose. The use of a clonal isoiate ensures Lhat the genetlc startmg point for 
eaeh batch is the same and that subtle vanatfons in process conditions will not inadvertently allow one population versus am 
other to dominate the culture, That is, the PDCB is used for fermentation deve!opment to ensure that variatlons in the fermem 
tation conditions can be Interpreted without the overlay of cornpetition between popufations of transfectants. 

Initial development of the fermentation process, preferably with the PDCB, typically precedes produetion of the MCB and 
WCB, Best practice is to derive these celi banks from the same clonal isoiate as the PDCB in order to reduce the need for a 
second cycle of fermentation development when the WCB is deployed. Substitution of a WCB for the PDCB at the finał stages 
of fermentation deve!opment Is common practice, but ca - e must be taken to constrain such expehments to optimtzation of 
the fermentation process. Morę detafl is found in the celi oanks section above* 

Fermentation Hardware 

The biomass produetion process typically begins with a smallwolume inoculum in an initial fermentation volume that is 20- 
to 100-fold larger than the initial inoculum volume* This initial passage is often followed by one or morę mtermediate fermen- 
tations that expand the produetion volume by 20“ to 100-fold at each step until the produetion fermentation volume (typically 
500-3000 L) is reached. Routine manufacture at these scales requires welhcontrolled fermentation conditions and physical fa- 
cilities Lhat meet the economic and cCMP needs for a successful product. 

Bacterial fermentations have traditionałJy been carhed out in glass, glass-lined, or passivated stainless steef fermenters that 
comply with cGMP requirements, partkularly when ustng large fermenters (e.g*, those with >1000 L working volume) because 
of containment issues with such large volumes of Iiquid. Traditronal fermentation systems reąuire hard-piped control systems 
that meet the need for clean-in-place and steam-in-place capability. The bioburden and complexity of the facility are inereased 
if the fermentation operations must accommodate multiple product lines as wdL 

Smaller fermentation batches are increasingly performed in disposable bioreactors such as single-use bags with completely 
disposable product contact surfaces, including sensors and probes. These systems are becoming readily available, are less ex- 
pensive, and are morę flexłble than fixed eguipment and meet the needs of the competitive business and evolvtng cGMP ex- 
pectations and reguirements, A notę of caution is warranted, though, because this disposable technology can lead to changes 
in the materiał of product contact surfaces* Such changes then regulre re-evaiuation and sometimes revalidation of the manu- 
facturing process for late-stage development and commerdal products. Thus the reduced cleaning burden may bring an in- 
crease in the need for extractability and leachability studłes* 

Harvest Hardware 

Harvest of the fermentation product can focus on recovery of either the wet celi mass from which the product wili be extrac- 
ted or the fermentation broth from which the product wili be directly purified. In the former case, centrifugal separation is 
typically employed. Productiomscałe centrifuges can be either closed operations with a fixed volume of input and manuał re- 
covery of the petlef or continuousTlow operations that automatically eject and recover the clarified supernatant and/or the 
accumulated pellet. Although centrifuges are efficient in harvesting a fermentation product, shear forces can have sfgnificant 
effects on the product stream (e,g., lysed cells, sheared molecules fn solution). Alternadve!y, and particularly when the product 
is secreted into the solution rather than retained in the cells, membranę flitration systems may be used to ctarify the product 
stream for subseguent purificatiom Tangentiahflow and depth filtration systems can be effeclive means of recovering soluble 
product with less concern about shear forces. 

In ałl cases, monitoring the processmg of the fermentaton output and solids removal from the liquid matrix can be srmple 
but effective means to monitor process consistency and comparability* Off-ltne tools such as high performance liquid chroma- 
tography (HPLC), sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), or Western biot analyses can track 
product integrrty issues such as aggregation or proteolysis. 

Process Development 

A productive, robust fermentation process is the result of careful consideration of a broad collection of vanables, considered 
alone as weli as in conjunction with product design and downstream processing. Fermentation process variabies include 
Chemical inputs (e.g v carbon sources, mi nera Is, vitamtns, tracę ełements, antifoam, and gases), physical inputs (e.g., tempera¬ 
turę, mixing, and pH), and biological processes (e*g v nutrient utilization rates, metabolite levels, and inductors [quantity/type/ 
addition duration]). 


Product Requirements 

A criticai consideration in process deveiopment is anticipating how much of the product will be needed. Too little product 
caused by operating at too smali a scalę Imposes supply constraints and often postjicensure urgency to scalę up the process. In 
contrast, too much product results in excess inventory, explrlng lots, infreguent manufacturlng (Itself a problem), and generał- 
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\y poor economics, A elear market evaluatlon Is needed before one designs the manufacturing process or commits to a process 
for scale-up or -down, 

Process Design 

If one has a reasonably defined production need and ar initial estimate of product yield, one can extrapolate the scalę of the 
fermentation from the volume (yield), production frequeney, and the expected productivity. Commerdał fermentation of bac- 
terial cultures is routinely carried out in va)umes as large as 3000 L, but larger volumes are also in use, A few large lots per year 
can be advantageous for a very robust process but may be Irmited by downstream process capabilities and/or the stability of 
the fermentation product as a production intermediate. An additional consideration may be the diffieufty in generating 
enough lots to ensure Chat the fermentation process is indeed robust Failure of a large lot carries important financial and in- 
ventory risks. 

A large number of lots can impose logistical problems if turn-around time is too tight or coordination of downstream events 
becomes too complex. Logistics includes quality control testing, which depends on the number rather than the size of lots, 
Production that involves a large number of smaller lots can also require blending of multiple intermediate lots in order to pro- 
duce a finał drug product lot. This can cause challenges if product-related problems occur and may en taił root-cause rnvestiga- 
Łions. in generał, appropriate fermentation sizing results in a process that has a turn-around time of less than a week, that can 
be accommodated with one or a few purifkation runs, and that results in one to several fills of finał product after each purifka¬ 
tion cyde. 

Early Development Constderations 

During early deve!opment of a biological product, the most important fermentation constderations are an appropriate, well- 
defined MCB and a fermentation process that is reasonably productive, reproducible, and scalable, The iatter is often underes- 
timated when one considers the physicai, Chemical, and biological control of the process as process volumes change by orders 
of magnitude. 

The mechanics of the fermentation process are an important consideration. Fermentations are typically studied in shake fiask 
experiments or even microscale reactors that can readily accommodate many experiments eonducted in parallek Although this 
is attractive for initial Identification of process conditions, the ultimate culture vessel should be a controlled fermenter where 
growth conditions can be controlled and momtored in a morę rigorous and complete manner. Manufacturers should begin 
work in small-scale fermenters as early as possible to ensure that robust, controlled experiments can be run to refine the initial 
fermentation conditions. 

Fermentation harvest processes ałso should be scalable, Although it is possible to scalę centrifugation conditions, it is a chal¬ 
lenge to maintain equivalent centrifugal conditions, particularly in a flow-through modę, Filtration processes can usually be 
scaled morę predictably provided the membranę manufacturer is anticipating the needs of the process development scientist. 

When manufacturers define a process, they should evaluate its robustness by purposeful deviations such as changes in sour- 
ces of raw materials and time and temperaturę limits of unit operations. Such evaluations better define the rationale for setting 
process limits and for knowmg which are most critical to the success of the manufacturing process. 

Process Monitoring 

On the basis of early development process characterization data, manufacturers should be ab!e to identify key analytital 
measures that, if applied to all lots, can either verify the correct progression of the process or serve as a sentinel to determine 
whether a specific batch is showing signs of deviating from the typical profile. In the absence of such data, an aberrant process 
may go unnoticed or may not be detected until testing of a process intermediate shows either an out-of-trend or out-of-speci- 
f kation result. 

Fora fermentation process, many critical variables (e.g., optical density, pH, and specific nutrient levels) can be measured 
online and In real time to potentrally aliow inten/entron to bring a given process back into norma! rangę or at least to identify 
the point in the process at which the deviation occurred. Such data can be valuable in identifying potential process improve- 
ments, Conversely, in the absence of such data troubleshootmg can be a challenging and protracted process. 

Scale-up 

]ust as early development requires a focus on small-scale operations, scale-up becomes essential at some point to ensure that 
sufficiently large lots can be madę to meet program needs. As these needs become increasingly complex, larger lots are essen¬ 
tial to ensure that multiple expenments and observations can be tied to the same lot of product, which in turn is critical to 
understanding critical process and product variables, ff proper process engineering considerations were taken into account at 
the smaller production scalę, scale-up can usually be done in inerements of ten-fold in voiume with reasonable expectation 
that significant process performance or product changes will not be seen. This approach may reguire adjustments at an inter- 


General Chapters 




General Chapters 


1950 <1238} Vaccines for Humań U$e / General Information 


USP 40 


mediate scalę if the initial fermentation was based on too smafl a volume or if the finał production scalę is very large. Again, 
process monitoring data can be very hełpful in evaluating the success of the scaled-up process. 

If clinica! development studies are performed at less than fuli manufactuhng scalę, as they usually are, manufacturers will be 
obltged to relate the comparability of the process performance and the product characteristics at the different scales. Analytical 
data can be compefling, but in their absence or in the presence of differences, manufacturers must demonstrate that scalę- 
related differences are not clinically significant However, the use of comparability protocols for scalę changes will have to be 
approved by the local regulatory authority. In order to avoid fixing something that is not broken, analysts must take care to 
isolate differences caused by fermentation scaie-up from changes caused by harvest or purification seale-up. One way to ac- 
complish this is to compare process intermediates obtalned, as possible, during the fermentation and harvest protesses. As an 
example, Online monitoring of fermentation conditions such as pH or glucose level can be used to demonstrate similarity dur¬ 
ing the time course of the fermentation. Similarly, measurements at the end of the fermentation process (e.g., finał celi densi- 
ty, celi snabifity) and intermediate measurements during harvest (e.g., turbidity of clarified broth, wet celi mass in the pellet) 
provide useful Information for evaluating the similarity or differences during scale-up. 

PURIFICATION 

A generał overview of purification for bacterial derived vaccines is presented in USP Vaccines for Humań Use— General Consid* 
erations (1235). !n addition to a description of critical processing eguipment, reagents, and processing steps, manufacturers 
should provide the rationale for the purification process chosen for component antigens recovered from the crude harvest. As 
with the other processes, analysts should consider the source of all raw materiais and ensure that Lhey come from reliable vetv 
dors who adhere to cGMP and can ensure a long-term supply. The cGMPs will appfy to late-stage clinical supplies and com- 
mercial materiais. The removai of nonproduct-related impurities (e.g., processing reagents, endotoxin, contaminating celi pro- 
teins or nucleic acids, and other residual contaminants) should be verified. 

The drug substance can be one of several types of compounds: e.g., polysaccharides (wild type or modifled), proteins (wlld 
type, mutant, toxoids, or recombinant), or products of conjugation of polysaccharides and proteins, or products of conjuga- 
tion of peptides and proteins. 

To define and control purification processes for drug substance and drug products, the manufacturer should estabfish tar- 
gets for process parameters and tolerances for all critical process steps induding yieids, activity, and purity to ensure efficacy, 
safety, and consisteney of the finał product. Requirements for pooiing, rf applicable, should be established. The requirements 
and conditions for storage of intermediates, bulks, and finał containers must be established by an official stability program. The 
use, reuse, regeneration, and deanlng of all drug product/drug substance contact equipment (e.g,, filters, chromatographic 
columns and resins, tanks, and process lines) should be validated, In addition, extractable/leachab!e studies should be per¬ 
formed for all product contact equipment (e.g., disposable bag systems, chromatographic column resins, and process lines). 

Polysaccharide Purification 

The purification steps for polysaccharides depend on the phenotype (e.g., gram negative or positive), polysaccharide pre- 
sentation (e.g,, membranę bound or excreted within the supematant), and the chemkal naturę of the polysaccharide itseff 
[e.g., idealized backbone Irnkages (glycosidic bond, phosphodlester bond), overall charge, types of charge groups, and types 
of side group modifications (O-acetyl, uronić acid, sialic acid, Af-acetyi, pyruvate, or O-methyt)]. Polysaccharide harvest meth- 
ods determine clarification and downstream purification requirements. Clarification methods depend on whether it is necessa- 
ry to perform celi lysis or only to separate ceJbfree broth from ceilular debris. Harvest techniques include centrifugation, depth 
filtration, tangential-flow filtration, microfiltration, sizing filtration, or a combination of techniques. The culture may be inacti- 
vated or residual contaminants removed by selective precipitation (e.g., protein denaturation) using beat or Chemical treat- 
ments (e.g., salts, defergents, enzymes, or phenol), This may require cold-storage settling before clarification. 

Methods for postclarif kation polysaccharide precipitation are used both for isolation and purification. Fractional precipita¬ 
tion methods are based on overall charge orcationic binding affinities of the polysaccharide (e.g., alcoholic precipitation, ion- 
exchange chromatography), Agents such as cationic detergents, salts, and solvents can be used to differentially precipitate 
charged species from uncharged molecules. Precipitation can be performed m stepwise fashion to remove residua! impurities 
from polysaccharide or by a senes of predpitations to achieve the desired purity. Polysaccharide may be contarned in either 
the precipitate or supematant depending on the charge and naturę of the polysaccharide. Predpitation is followed by isolation 
steps such as centrifugation and/or filtration during wbich either the precipitate is dfscarded or resuspended in a secondary 
precipitating agent until the polysaccharide is recovered. Extraction with solvents such as phenol is sometimes used to remove 
impurities. 

An aJternative and additional approacb to selective prec pitation methods is the use of chromatographic methods. ton-ex- 
change chromatography (e.g., DEAE Sepharose), hydrophobk-interaction chroma tog raphy (HIC), and gel-permeation chro- 
matography separatefy and in combination have been used successfully to purify polysaccharides. At neutral pH the charge on 
acidic polysaccharides can be used on anion exchangers to separate acidic polysaccharides from impurities. lon exchangers 
can also be used to purify neutral polysaccharides in ftpw-through modę, binding impurities while neutral polysaccharides flow 
through the column. HIC can also be used to bind impurities while the polysaccharide passes in Lhe flow-through fraction. If 
there are no base-labiie groups, the charge on neutral and acidic polysaccharides can be modified by addition of base to ionize 
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hydroxyls before chromatography, The basie conditions used contro! the !evel of N- acetyl a ti on, and the polysaccharides can 
be re-acetylated as needed. Borate salts can be used to enhance separation during ion-exchange chromatography, A combtna- 
tion of predprtation, filtration, and chroma tog raphic procedures can also be used, 

Diaf iltra tions, ultrafiftrations, and intermedia te drying steps can be used as needed to concen trale polysaccharides while re- 
moving Iow molecuiar weight impurities or replacing processing salts and so)vents. The precipitates or column fractions can be 
further purified using suitable methods {e.g,, enzyme treatments, solvent extractions, or column chromatography) to remove 
impurities such as nucleic acids, proteins, and lipopoJysaccharides. A preliminary side group modrfkation can also be included 
in the purifkation process (e.g., de-O-acetylation, partia! depyruvylation)< 

The finał purjfkation step can consist of buffer exchange and filtration followed by storage of purified liquid polysaccharide 
(frozen) or additional finał predpitation and washing of the precipitate with solvent before drying followed by storage, Drying 
can be performed via several types of processes (e,g., drying under vacuum or in desiccators or by lyophilization), Drying of 
polysaccharides can be performed in desiccators (at various tempera tu res) and can include several steps of grinding orfluffing 
and return to the desiccators for further drying, Lyophilization of polysaccharides is possible with appropriate Controls if the 
process require$ retention of bound water. Some polysaccharides may require a residual amounf of moisture to maintain sta- 
bility over time, The polysaccharide is then stored under suitable conditions to avoid moisture upfake. 

In-Process Controls 

Manufacturers identify critical process steps and perform appropriate tests to monitor the purifkation process, Annong the 
latter are fil ter integrity tests, Microbiological Examination of Nonsterile Products: Microbial Enumerotion Tests (61 }, Bacterial Endo- 
toxins Test (85), and otber suitable tests for residues of reagents (e,g,, residual reagents, solvents, enzymes, or cations) used in 
purification. Polysaccharide size can be influenced throughout the produetton process from fermentation conditions to drying 
conditions or by the action of mechankal strrrers, tmpellers, or filtration deviees. If molecuiar size is a critical quality attribute, 
analysts can perform an in-process test for size (eg,, high performance size-excluston chromatography coupled with multi- 
angle laser light scattering [HPSEC-MALLS]) at the appropriate process steps to monitor and control polysaccharide size, !n or¬ 
der to demonstrate process performance and relrabrlity, manufacturers shouid characterize inherent residual contaminants 
(e.g,, protein, DNA, and endotoxin$), When vaiidation studies have demonstrated removal of residual reagents, testing of puri- 
fied polysaccharides can be omitted. If materiał must be stenie, analysts can perform Sterility Tests (71). 

Protein Purification 

The dasses of bacterial protein vaccines include toxoids, nontoxoids (e.g., pertussis antigens), naturally occurring mutants 
(e.g., CRM197) as carrier proteins, and engineered recombinant produets. 

TOXOiD5 

At the end of fermentation, toxin-containing culture medium shouid be separated aseptically from the bacterial mass as 
soon as possible or pfaced In a cold room until separation can be effected, The toxin content (Lf/mL) is checked by fioccuJation 
assay using the appropriate antitoxin standard to monitor production consistency (culture shouid eon tai n NLT 40 Lf/mL), The 
toxin is purified first to remove any components that could cause adverse reactions in humans, A typical process Includes 
depth filtration followed by 0.2-pm filtration to assist in removal of cellular debris. Following preliminary purification, the toxin 
is then detoxified with formaldehyde or glutaraldehyde or any suitable Chemical reagent by a method that avoids both de- 
struction of the immunogenic potency of the toxoid and reversion of the toxoid to toxin, particulariy on exposure to heat, 
Some toxoids require a single addition of formaldehyde, but others can require multiple additions. Alternatively the toxin 
could be detoxified and then purified or partially purified by depth filtration, detoxifred by addition of an appropriate alde- 
hyde, filtered using 0.2-pm filtration, and then pooled, The pooled toxoid solution is further purified by clarification with acti- 
vated carbon, followed by multiple ammonium sulfate precipitation steps that further fractionate and concen tratę the toxoid, 
Typical additionał purification steps include concentration, diaf if tration, and/or chromatography. Purification before detoxifica- 
tion results in a purer product and can be advantageous if the toxoid is to be used as the protein component of a protein- 
carbohydrate conjugate (because copurifymg high molecuiar weight gfycans will be removed before detoxification}, 

During detoxification and purification, endotoxin testing according to Bacterial Endotoxins Test (85), and formaldehyde, pro¬ 
tein, and Irreversibi1ity testing are performed to control and ensure consistency of the purification process, ff materia! must be 
stenie, Sterility Tests <71 > can be performed. 


PROTEINS/RECOMBfNANT PROTEINS 

Proteins used to make vaccines can be recombinant (in their native state or engineered to modify certa!n amino acids), or 
they can be naturally occurring mutants that have no wild-type actfvity yet are capable of indueing the appropriate Emmune 
response. Proteins are harvested from the fermenter and are extracted (e.g,, by mechankal and Chemical dtsruption) then pu 
rifted by suitable methods, typlcally consisting of filtration-concentration steps (e.g,, uJ traf i J tration, tangentiabflow filtration. 
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diaflitration, centnfugation, 5elective precipitation, and even direct capture using expanded-bed chromatography or big-bead 
technologies), The enriched protein solution can be further purified using appropriate filtration and chramatographic steps. 

For all equipment that contacts drug substances (e.g., chromatographic resins, membranes, disposable bag systems, or proc¬ 
ess lines), manufacturers should assess extractables and leachables, Analysts shoufd determine column resin life for a!l chroma¬ 
tographic systems used in the purification (induding number of uses, reconditioning reguirements, and sto ragę conditions). 

The type of chromatography used to purify proteins depends on the physical/chemrcai properties of the desired protein as 
well as those of other molecular entities in the har/est culture. As an example, CRM 1?7 can be purified using a multistep chro¬ 
matographic process: Production materiał is first dtafiiterec and then Es separated by ion-exchange chromatography (DEAE- 
Sepharose) En order to purify the target protein from other molecular entities present in the purification stream. The peak of 
interest is collected, and am mon fum sulfate is added, followed by 0.22-pm filtration to condition the materia] before Joading 
on the hydrophobic-Enteractfon chromatography column (Phenyl Sepharose) for purification of the target protein based on its 
surface hydrophobicity. The peak fraction is then diluted wifh Waler for Injection and is separated onto a ceramic hydroxyapa- 
tite column to further purEfy the target protein based on its surface charge. The eluted peak is then buffer exchanged into the 
storage buffer by uitrafiltration/diafiltratEon using cross-flow membranę filtration followed by 0.22-^m filtration to yield the 
stenie purified eon cen tratę. 

In-process contro! of protein purification indudes monitoring spedfic protein content and critical process steps as well as 
monitoring removal of unwanted fermentation and purification components. The pH is critica! for ion-exchange chromatogra¬ 
phy, and therefore pH should be monitored, For steps designed to remove endotoxin, procedures in Bocterial Endotoxins Test 
(85) are used to monitor column eluants. Bioburden is monitored according to Microhblogteal Examinathn ofNonsteriie Prod¬ 
ucts: Microbial Enumeration Tests {61) after filtration and chromatography steps. If materiał must be sterile, the sterility test En 
Sterility Tests (71) should be performed. 

POLYSACCHARI DE—P ROTE1N CON)UCATES 

Polysaccharide preparatlon and activation polysaccharides used in conjugation reactions vary in size from native high molec¬ 
ular weight polysaccharide to oligosaccharides produced by controlied depolymerization. Some polysaccharides can also be 
modifEed (e.g., de-O-acetyiated, partially depyruvylated). Sizlng/depolymerization of polysaccharides is performed in a variety 
of ways (e.g., acid/base catalysis, Chemical oxEdation/reduction, microfluEdization, or mechanica! treatment), Activation of pol¬ 
ysaccharides can be performed by several different methods dependEng on the lability of particular epitopes under dEfferEng 
depolymerization conditions or the type of conjugate desired (e.g., neoglycoconjugate or lattice-type conjugate, use of a lin ker 
molecule or direct conjugation, or reductive amination), Appropriately sized and/or activated polysaccharides are purified by 
suitable methods that ty pica] ly consist of various combi nations of concentratEon and filtration (ultrafiltratlon/diafiltration) and 
chromatographic methods (slze-exclusion chromatography, HIC). 

The in-process testing performed to monitor the depolymerization and activation process depends on the process used. 
Typical contro! tests are pH monitoring and temperaturę monitoring of the sizing and activation reactions. The size of the poi- 
ysaccharide during depolymerization can be followed by an appropriate chromatographic procedurę (e.g., HPLC-SEC Rl or 
MALLS). Testing of depolymerized polysaccharide for select functional groups (e.g., O-acetyl, N-acety[, or pyruvyl groups) may 
be reguired and can be determined by nuclear magnetic resonance (see Nu elear Magnetic Resonance Spectroscopy {761)). In- 
process testing of the activated polysaccharide depends on the activation process used. For example, if reductive amination is 
used to attach a iinker to the depolymerized polysaccharide, the contro! testing would include measurement of reducing actiw 
Ity (e.g., available reducing sugars), polysaccharide content (e.g., for determining the loading ratio In conjugation), and total 
and free linker content (e.g., for determining the number of active sites for conjugation). Depending on the activatlon and 
conjugation process used (E.e., immediate conjugation after activation), consistency in degree of polysaccharide activation may 
also be demonstrated as part of process validation or reflected by characteristics of the finał conjugate bulk. The concentrs- 
tion/filtration steps of the purification process are monitored for conductivity to ensure removal of salts. 

CON)UGATION 

The conjugation chemistry used determines the type of conjugate madę (Le v neoglycoconjugate or lattice). The conjugate 
is obtained by the coyalent binding of activated polysaccharides to the carrier protein. Conjugates are purified by suitable 
methods designed to remove residual reagents used for conjugation as well as to remove unreacted polysaccharide and pro¬ 
tein. The removal of residual reagents is confirmed by suitable tests or by validation of the punfication process. Suitable tests 
are carried out to determine residues of reagents used during inactivation and punfication. When yalidation studies have dem¬ 
onstrated removal of residua! reagents, the test on conjugate polysaccharides can be omitted. 

Appropriate chromatographic procedures (HIC, SEC) and/or filtration (ultrafiltration/diafiltration, tangential-fIow filtration) 
are used to remove the unreacted polysaccharides, protein, residua! Chemicals, and salts that are used in conjugation or that 
are by-products of conjugation. Bioburden testing (see Microbiological Examinotion ofNonsteriie Products: Microbial Enumerotion 
Tests (61)) is performed before stenie filtration. 
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INTERMEDIATES 

An intermediate or process intermediate in vaccine manufacture is the reaction product of each step in the process except 
the Jast one, which forms the finał product. ExampJes of irtermediates are bulk-purifted polysaccharides, proteins, and activa- 
ted pofysacchandes that conjugate to protein. 

Most vaccine production processes are stepwise and take morę than one elementary step to complete. An intermediate is 
produced from raw matenals at one or morę process steps (e.g., bacterial growth, extraction and purification, and Chemical 
modification), eventually resulting in the drug substance. The identification of the key intermediates, their production, and 
sampling for analytical tests must be defined En controtled documents (e.g v batch records, analytical protocois), 

Intermediates can be stored for considerable periods of time before further processtng and can be induded in a forma! sta- 
bility program (see Storage Stabiiity, above). Stabiiity studies in normaf or accelerated conditions should be performed to de- 
fine maximal hoJd time for intermediates and when significant process changes are implemented, 

From raw materiał to finished drug substance, testing throughout the process ensures a quality product, Testing of inter¬ 
mediates is a key guality controł step to en surę their identity and purity, The quality attributes of the intermediate are com- 
monly tested in conjunction with further processtng, and their reiease testing should be considered. Standard operating proce- 
dures (SOPs) must be properły defined for the analytical contro] tests. Because of their critical role in the production process, 
some key intermediates coułd be induded in forma! reiease testing, in addition to the intermediates identified for En-process 
testing. 

Examples of tests for struć tu rai characterizatlon of carbohydrate-based intermediates include the following: 

■ identity and O-acetylation łeve( (nuclear magnetic resonance) 

* molecular stze and polydispersity (SEC-UV, SEC-Refractive lndex, 5EC-MALL5, SEC-Fluorescence) 

« sacchartde content [colorimetric assays, high-pH anfon-exchange chromatography with puised amperometric detection 
(HPAEC-PAD), -Fluorescence] 

* specific rotation, see Optfcal Rotation <781) 

* saccharide content, O-acetyl content (colorimetric assays) 

■ counterion content, e.g., Na h and Ca 2+ (inductively coupled plasma-mass spectroscopy, atomie absorption). 

Exampies of tests for the purity of carbohydrate-based intermediates based on estimates of the product- and process-retated 

impurities include the following; 

* endotoxin content (Bacterial Endotoxins Test{&5)) 

■ proteins, nucleic acids, proteins, cetavion (colorimetric assays) 

* water content (Karl Fischer titration; see Water Determination (921)) 

° voJatile substances (thermogravimetry) 

■ organie soJvents, e.g. ethanol, phenol, acetone, DMSO, or ethyl acetate (gas chromatography-flame ionization detection; 
see Residua! Solvents (46 7)) 

* bioburden (total viable aerobic count of microbial eon tam i na t Eon; see Microbiobgical Exomination of Nonsterile Products; 
Microbial Enumeration Tests (61» 

Examp!es of tests for structura! characterization and purity estimation of protein-based intermediates inctude the following; 

* identity and molecular size (SD5-PAGE, Western Slot, SEC-UV, SEC-Fluorescence, SEC-MALLS, reverse phase chromatogra- 
phy) 

8 endotoxin content (see Bacterial Endotoxins Test (85)) 

° residua i nucleic adds [colorimetric assay; see Nudeic Add-Based Techniques — Approaches for Detecdng Tracę Nudeic Acids 
(Residua! DNA Testing) (11 30)j 

* bioburden (total viable aerobic count of microbial contaminadon; see Microbiologtcol Examination of Nonsterife Products: 
Microbial Enumeration Tests (61)) 

° other proteins as impurities (SDS-Page, Western Biot, SEC-UV, SEC-Fluorescence, reversed-phase chromatography) 

The tests previously reported for protein-based intermediates are aiso appllcable when the protein-based product is defined 
as the drug substance. In addition to the exampfes reported above, many other methodologies can be applied for the identity 
and purity eva3uation. 

Stabiiity tests for intermediates can include physicochemical methods (see section on Intermediates , above), formalfy indu¬ 
ded within an analytical panel for the stabiiity study* In addition, biotogical and Emmunochemicai tests [e.g,, enzyme-linked 
immunosorbent assay (ELISA)] can be induded. Bioburden and endotoxin testing may not be reguired at each levei (each in- 
termedlate, drug substance) provided testing is performed at sufficient steps in the overall production process, Bioburden is 
typically performed prior to stenie filtration via in-process testing. tf intermediates must be stored and/or subsequently shipped 
to a different location for further processing, the stabiiity of these materials must be demonstrated, 

DRUG SUBSTANCE 

The drug substance Es the finał bulk that contains the antigen at the desired concentration and is ready for the addition of 
other ingredients (e.g., diluents, bulking agents, stabilizing excipients, adjuvants, or preservatives) to produce the finished dos- 
age formulation* 
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The drug substance is the finał product of the antigen manufacture process, before the formulation of the finał vacdne dos- 
age. The finał butk may be prepared aseptically or may include a sterilizatlon step. Sampling for analytical tests for release and 
stabifity studies (see Stomge Stobility , above) must be defined in controlled documents (e,g„ batch records, analyticaf proto- 
cols). 

Drug substances can be stored for a considerable period of time before further processing, but if it is stored the drug sub¬ 
stance must be tncluded in a form a 1 stability program (see Storage Stability, above). Stability studies in norma! or acceierated 
conditions should be performed to define maxima! hołd times. A stability program is reguired for forma! stability studies, and 
the studies must be executed according to a protocol that contains detailed Information about types of tests, specifications, 
testing intervals, and time points. 

Testing of the drug substance must be performed to ensure its Identity and purity. Ali the testing must be done according to 
established SOPs, and all tests must have specifications (or provisional specifications, where appłicable). 

Exampłes of tests for structural characterization of carbohydrate-based products include the foliowing: 

* identity and O-acetylation level [nuclear magnetic resonance (NMR)] 

o total and free saccharide content [HPAEC-PAD, capillary electrophoresis (CE), or cołorimetric assays] 

* total and free protein content (cołorimetric assay, SEC with UV, Rl, or fluorescence detection, CE) 

* O-acetyl content (cołorimetric assays) 

* molecuiar size (SEC-UV, -Rl, -Fluorescence, or -MALLS) 

Example$ of tests for the purity of carbohydrate-based drug substances based on estimating the product- and process-rela- 
ted impurities include the following: 

* endotoxin content (Bacterial Endotoxins Test (85)) 

* process-rei a ted residuals not shown to be removed by process vaiidation (e.g>, cyanide, iodafe, bromide, ammonium sul- 
fate, or organie so!vent$) 

* Bioburden (total vEable aerobic count of microbial contamination; see Micmbiological Examination of Nonsterile Products: 
Microbial Enumerotion Tests (61)) 

In addition to the examples reported above, many other methodologies can be applied for identity and purity evaluation. 

For instance, specific Empurlties that must be measured are determined by negotiations between rmanufacturers and the na- 
tionaJ drug regulatory agency during the łicensure process. Bioburden and endotoxin testing may not be required at each level 
(each intermediate, drug substance) provided testing is performed at suffident steps in the overałl produetton process. Biobur¬ 
den is typically performed prior to stenie filtra don vła in-protess testing. 

All the results must be reported in a controlled document. Stability tests can indude both physicochemlcal methods (see 
stability Information, above) and biological/immunochemical tests (e.g. ELISA and SBA; see Quality of Blotechnologlcal Products: 
Stability Testing of Biotechnological/Bloiogicol Products (1049)). 

PRUĆ PRODUCT AND LOT RELEASE 

General principles are described in Vacdnes for Humań Use—General Considerations (1235), which outfines the lot release 
procedurę in accordance with 21 CFR 610.1 and 21 CFR 610.2, For products that will be used in the United States, samples 
and protocols containing all appropriate tests must be submltted to FDA for review and/or testing, If FDA determines that the 
lot meets the standards of safety, purity, and potency requlred for the particuiar vaccine, the lot is approved for release, distri- 
bution, and marketing. 

Tests required for each lot-rełease protocol include potency, generał safety, sterllity, purity, Identity, and constituent materi¬ 
ał, Potency and potency-related tests are differentfor each bacterial vaccrne. The rnclusion of these tests makes each bacterial 
vaccine łot-refease protocol unigue. 

The contents of a finał Container of each filling of each lot are tested for identity after iabeling is completed, Identity is estab¬ 
lished either by physical or Chemical characteristics of the vaccine, inspectlon by macroscopic or microscopic methods, specific 
cultural tests, or in vivo or in vitro immunological tests, In large part, identity testing is performed to distinguish the vaceine 
from other materiafs that are manufactured at the same sśte (21 CFR 610.14). The same tests that establish identity may afso 
be appropriate for defining the quantity of immunogen present in the finał viaL This is especially important for carbohydrate- 
based vaccines that are dosed by mass and for which physicochemlcal measures of antigen qualsty are used, 

Immunochemical methods, which include immunoprecipEtation methods and Emmunoelectrophoretk methods, have been 
useful. Immunoprecipitation methods, flocculation and precipitation, can be carried out in solution or Sn a gel matrrx and in- 
volve mixing the antigen with an appropriate antibody, leading to the formation of flocculatlng or precipitatlng aggregates 
that can be detected vrsuaf!y or by fight scattering (light scattering or nephelomelry). The ratro of reactants must be varied to 
optimize the detected response, In solution this can be achieved by titrating one reactant with the other, and Encreased sensi- 
tivky can be obtained by using antigen- or antibody-coated particles (e.g,, łatex) as reactants. In gel systems, a gradient is 
created as one or morę of the reactants diffuse, creating a visible linę where precipitation occurs. Immunoefectrophoresis (IE) is 
a qualitative technique that combines two methods: gel electrophoresis followed by immunodiffusion. Crossed IE is a modifi- 
cation of the IE method that is suitable both for qualitatłve and quantitative analysis. Visualization and characterization of im¬ 
munoprecipitation Jines can be performed by selective or nonselective stains, fluorescence, enzyme or isotope Iabeling, or oth¬ 
er relevant techniques. Selective staining methods are usually performed for characterization of non protein substances in the 
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precipitates. In transfucent gels, such as agar or agarose, the precipitation linę becomes clearty yisible in the gel proylded that 
the concentration of each of the reactants is appropnate. 

Where multiple actlye components are present as a resuJt of copuriflcation (e,g,, certain acelEular pertussis vacdnes), the 
manufacturer must demonstrate that the eomposition of the product is consistent between batches, unless this has been vali- 
dated during the deve!opment of the manufactunng process. 

For certain vaccines, notably those that use purlfied polysaccharide Emmunogens, identity and immunogen quantity can be 
demonstrated using one or morę Chemical and physicochemical approaches such as colorimetnc determinations of different 
groups of sugar residues expected to be present, chromatography, or high-field nudear magnetic resonance spectroscopy. 

A number of dassicaf colorimetric assays for guantiflcation of various classes of sugar have been used to define the composi- 
tion of poiysacchandes used as yaccines, incfuding the orcinol assay for ribose, phosphorus, siaiic acid, uronić acids, and ami- 
nosugars, fn generał,, these approaches have been superseded by chromatographic methods, indudrng gas chromatography 
and HPAEC, which is widety used to determine Hib PRP glycoconjugate immunogens in monovalent or combination vaccines 
and En meningococcal conjugate immunogens, 

Immunochemical methods that have been used to guantify polysaccharide antigens inciude (a) rocket immuno-electropho- 
resis and (b) ratę nephefometry, Electroimmunoassay, also called rocket immuno-electrophoresis, Is a quantitative method to 
determine antigens that differ in charge from the antibodies. Electrophoresis of the antigen to be determined Is carried out in 
a gel that contains a lower concentration of the correspondlng antfbody. Nephelometry methods have been used to guantify 
antigen In pneumococcal conjugate yaccines, 

The consistency of the molecular size and molecular size distributlon of polysaccharide- and carbohydrate-containing conju¬ 
gate yaccines can be determined by gel-permeation chromatography on appropriate resins calibrated with suitable molecular 
weight markers or coupled to laser iight-scattering equipment that indicates absolute molecular weight if a value for the refrac- 
tive index increment ( dn/dc ) Is known, Measurement of the molecular size of formulated conjugates may not be feasible for 
multivalent glycoconjugate yaccines. Integrity of the conjugate may be demonstrated by aftemative, product-specific meth¬ 
ods. Another alternative to demonstrate integrity of the glycoconjugates in the finał product is measurement of molecular size 
as part of the stability studies at monovalent conjugate bulk prEor to formulation of the multivalent vaccine. 

Unless the contrary has been valtdated, manufacturers should demonstrate that reversion to toxiclty has not occurred (and 
will not occur over the shelf lite) for a product dertved from or containing a toxośd materiał. This may reguire the use of a celi 
linę or an in vivo test, although enzymatic approaches are being yalldated. 

An antigenic purity test Is an assay that assesses the guantity of antigen and is used for diphtheria and tetanus toxoid vac- 
dnes. The antigen content is determined by a floccufation assay. 

The manufacturer should prove a high and consistent leyel of immunogen adsorption to any solid-phase adjuvant (such as 
aluminum phosphate or aluminum hydroxide) that is consistent with the release specification. 

For certain yaccines such as the anthrax yaccine and toxoid yaccines, the manufacturer is reguired to demonstrate that the 
yaccine is protective agalnst disease or death in antma! models challenged with a predefined dose of the target pathogen. This 
generally reguires definition of the animal model, route of admlnistration, yaccine dilutions required, a means to observe ef- 
fects, and a reference yaccine against which effects are compared. The data should be analyzed appropriately (see Analysis of 
Biologicai Assays (1034)). 

Stability-indicating assays are those used to determine the stability of the product, Of primary importance Es the potency 
assay, although glycan degradation may be important in glycoconjugate yaccines. 

Other Vaccine Components and Vaccine Properties 

Aluminum compounds are the primary adjuyants used in yaccEnes In the United States. General diapter Vaccines for Humań 
Use—General Considerations (1235) proyides provisions of the 21 CFR 610,15 goyerning the use of aluminum and amounts 
allowed. The adjuyants wEdely used in bacterlal yaccines indude aluminum potassium suifate (aium), aluminum phosphate, 
aluminum hydroxide, and combinations of these compounds, BacterEal yaccines formulated wEth such adjuyants are referred to 
as adsorbed yaccines, and this term may be induded in the official name of the yaccine. Other adjuvant systems may be evalu- 
ated. Aluminum Is guantitated using colorimetric, titrimetric, emission or atomie absorption spectroscopy, or inductively cou- 
pted plasma-mass spectrometry. 

For regulations regardmg residua! manufactunng reagents, see the FDA’s 1999 Guidance for Industry: Content and Format of 
Chemistry, Manufactunng, and Controls Information and Establishment Description Information for a Vaccine or Related Product. 
Manufacturing reagents such as formaldehyde and glutaraldehyde sometimes are used in SnactivatIon, the toxoid-making pro- 
cesses, or elsewhere during manufacture and may be present En residual amounts in the finał product. Limifs of formaldehyde 
and other residuals must be minimized in accordance with the approved product license. 

Common preservatives used in bacterlal yaccines Inciude thlmerosal, phenol, 2-phenoxyethanol, and benzalkonium chlor- 
ide. Vacdnes for Humań Use—General Considerations (1235) and 21 CFR 610,15 provide additional Information about the mini- 
mization of thimerosal content and the production of thimerosal-free yaccines. Limits and content spedfieations are set for 
each bacterial yaccine in the product license. 

Each lot of fina! containers of a yaccine intended for use by injection h tested for bacterlal endotoxins as indicated in BacterF 
ai Endotoxins Test (85). 
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Each lot of finał containers of a vaccine intended for use by Enjection may be tested for pyrogenic substances as indicated in 
Pyrogen Test (1 51) and 21 CFR 610.14. 

Each Eot of dried product shall be tested for residual moisture (see Loss on Drying (731) and FDA Guideline for the Petermi- 
nation of Residual Moisture in Dried Biological Products. January 1990). Residual moisture shoutd be determined for Eyophi- 
lized vacdnes, 

A generał safety test is performed on biological products intended for administration to humans with the purpose of detect- 
Eng extraneous toxEc contaminants. Procedures and exceptions are specified in 21 CFR 61 0.11 * 

Excipient identity and guantity, preservatives, dEluents, adjuvants, extraneous protein; and celi culture-produced vaccines 
and antibiotics are tested according to 21 CFR 610.1 5 and/or appropriate guidance documents. 

"Free" or unconjugated saccharide in glycoconjugate vaccines is constdered undesirable and is subject to limit specifications. 
As an alternative to controlling free or unconjugated saccharide, integrity of the conjugates m the finał product may be dem- 
onstrated vta an app ropna te method, said method dependlng on the properties of the finał product (composition, adsorption, 
etc). A test method that measures the Encrease in the amount of free saccharide is a stabiEity-indicatrng method. The methods 
adopted depend on separatlon of saccharide from conjugate and application of the methods above to quantify the unconjuga¬ 
ted saccharide. SeparatEon methods used indude membranę separation (such as dialysis), use of hydrophobic media to spedfi- 
cally trap fhe conjugate, solvent extraction, and selective immunochemical precipitation of the conjugate using anticarrier an- 
tibodies. 

The sterility of each lot of each product is conducted according to procedures described in Sterility Tests (71) and 21 CFR 
610.12 for both bulk and finał Container materiał. 

Information Insert (Label) 

Vaccine product labefing is regulated in compliance with 21 CFR 201 and 610. RequFrements are set both for Container la- 
beling and package labeling. 

OTHER REQU8RE!VIENTS 

Retention sampEes are held by the manufacturer for at leasl six months after the expiration datę. Enough materiał of each lot 
of each product is held for examination and testing for safety and potency (see 21 CFR 600.13). 

Records are maintained concurrently with each step En the manufacture and distribution of product such that at any time 
successive steps of manufacture and distribution may be traced (see 21 CFR 600.12). 

For storage conditions, see 21 CFR 610.50 and 53. 

For shelf life/expiry datę, see 21 CFR 610.50 and 53. 


<1240) VIRUS TESTING OF HUMAŃ PLĄS MA FOR FURTHER 

MANUFACTURE 

SCOFE 

The stopę of this chapter is limited to the virus testing performed on human plasma for the further manufacture of pharma- 
ceuticals, which are referred to as plasma-derived products (see Virology Test Methods (1237) for vlrus testing of other thera- 
peutic products). These types of plasma mdude elther sounce plasma coliected by apheresis or recovered plasma obtained 
from whole blood coflectfon or as a byproduct En fhe production of bEood components. In all cases, the source materiał Es ob¬ 
tained through voluntary donations. The following topics are specifically excluded from the scope of this chapter: 

° Virus testing of non human blood or plasma; for example, feta! bovEne serum (see Bovine Serum <1 024) for morę Informa¬ 
tion on testing this materiał), which may be used in the production of biological or recomblnant therapeutics 

■ Virus testing of human-derived whole blood, blood components used for transfusion, and materials in tissue and organ 
banks 

a Testing for norwiral organisms; for example, bacteria, fungi, and parasites (some of these topics are discussed in Sterility 
Tests (71)), or the causative agent of transmissible spongiform encephafopathy. 

This chapter introduces the virus testing that is performed on plasma used for fhe production of therapeutic protetns. Topics 
that are addressed include: 

1. The rationale for implementing tests for viruses 

2. The types of testing applied to pfasma donations destined for further manufacture 

3. The current regulatory environmentfor such virus testing 

The chapter also indu des an Appendk that contains pertinent regulatory guidances and supporting references. 
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INTRODUCTION 

Human-p!asma-derived products are used to treat coagulation disorders, primary immune deficiency, and congenitai em- 
physema as well as other diseases (see Humań Plasma (1180)). Because these products are manufactured from pooled human 
plasma donations, the presente of blood-borne viral pathogens from indmdual plasma donations can potentially contaminate 
the resultlng finał products manufactured from a large pool of donations and thus transmit the virus to many redpients, Suffi- 
dent measures must be taken to ensure that these products are as safe as possible. In order to minimize the risk of transmis- 
sion of druses by these products, manufacturers use several strateg ies, which include: 

* Sefection and management of the donors (see also (1180)) 

e Selection and management of donations or units (see also {1180)) 

» Testing for infectious viral pathogens in plasma in the form of samples of indivfduaf or pooJed donations and fractionation 
pools (defined for the purposes of this document as the first homogenous pool or early production intermediate suitable 
for testing and representative of the materia! to be used for product manufacturing) 

* Donor-screening methods, which aJso include a look-back procedurę for the guarantine and destruction of unused, prevl- 
ously donated units from an infected donor (see also (1180)) 

* Incorporation of validated virus inactivation and removal steps (pathogen-reduction steps) into the manufacturing pro- 
cesses (see also (1180)) 

° Monitoring and lnvestEgating adverse events in redpients of finał products, bolh hemovigilance and pharmacovigilance 
(see also (1180)) 

* Adherence to Good Manufacturing Practices at all Ievels of the production process as a strategy to reduce risk of virus 
transmission (see GAO-HEH5-98-205, 21 CFR Part 606, and WHO Technicaf Report Senes 941 cited in the Appendix) r 

Plasma used for further manufacture can be either source plasma or recovered plasma. In the United States, licensed human 
plasma products are derived mainly from source plasma. Because plasma for further manufacture is obtained by pooling a 
large number of donations, there is a risk of viral contamination of the poot, thus resuJting in a much higher potential risk of 
virus transmission to multiple recipients than is the case for blood for transfusion. The manufacturing process, which is used to 
purify and concentrate the desired protein, Es not capable of completely removing the viral load, and therefore validated virus- 
reduction steps capabJe of effectively reducing transfusion-transmissible viruses in the starting materia! are included in the 
manufacturing process. A detarled discussion of virus inactivation and removal procedures for pathogen reduction can be 
found in the 2004 WHO Technical Report Series 924 cited in the Appendix. 

Approaches for screening plasma for further manufacture can be categorized into two groups: donor-screening and improc- 
ess testing methods. The donor-screening method takes Into account not only the plasma-derived end product but also the 
plasma donor. This category of testing typically Es required for blood-transmissibie viruses such as human Immunodefidency 
virus (HIV), hepatitis C virus (HCV), and hepatitis B virus (HBV). Virus transmission is a major public safety concem, because 
infections with these highiy palhogenic viruses typicaily progress to chronicity. During donor screening the objectives of the 
test Jaboratory or manufacturer are not only to Identify positive units for destruction before production pooting but also to 
Edentify and notify infected donors. Donors who test positive for HCV or HIV are permanently deferred from donating both 
blood and plasma. Although fewer than 5% of HBV-infected adults develop persistent asymptomatic infection (i,e v a carrier 
State), HBV-positive donors are deferred permanently. Coflecfion of source plasma from donors who are convalescing from 
HBV is somet]mes permitted for further manufacturing into plasma-derived products such as Hepatitis B Immune Globulin (Hu¬ 
man) [21 CFR 610.41(3)]. 

In contrast to viruses that are associated with donor screening, viruses such as hepatitis A virus (HAV) and parvovirus BI 9 
(B19V) usuaily cause selMimitlng infections En immunocompetent indMduals, and thus manufacturers use in-process nucleic 
acid amplification technology (NAT) testing that resuJts in only the removal of plasma units with high levels of virus before 
pooling for production. In these cases, there is no donor-management procedurę and hence no reguirement to inform the 
donor of the result. This approach focuses primarily on the product, not the donor, because some recipients of these products 
are susceptible to an infection that may occur if the pathogens were present in the pfasma-deriyed product. Donor and dona- 
tlommanagement procedures are well devefoped in the blood and plasma rndustry, and morę details on these specific topics 
can be found in (11 80). Other permanent or temporary donor-deferral criteria are In place to avoid donations from potentially 
infected donors based on the epidemiologicaf sun/eiilance of a country or region or donor population for transfusion-transmis- 
sible Infections relevant to the safety of blood components. 

VIruses that greatly affect public health, such as HIV, HBV, and HCV, are detected by serologlcal assays that measure either a 
vlral antigen, such as hepatitis B surface antigen (HBsAg), or an antibody, such as anti-HCV or anti-H!V-1/2 antlbodies, in infec¬ 
ted donors and associated donations. These immunoassays for detecting viral markers in plasma donations must be sensitive 
and able to detect a virai infection as early as possible foflowing infection in order to identify and exclude potentially infectious 
donations. 

There is a finite time period, known as the window period, between the Infection of a donor and the time at which the test 
method can detect the antibody response to the vrrus, the vlral antigens, or the vlral nucleic arid. This window period varies 
from disease to disease as well as from person to person. The window period can be effectively "shortened" by changing from 
a test based on detecting antibodies to one based on detecting the virus directfy, namely the viral antigen or, especially, the 
virai nudeic acid (see Figurę ?), thereby interdicting donations that contain transfusion-transmissible ylruses. Tests for detecting 
the viral nudeic acids (Le., NAT tests) were Entroducecl in the 199Gs. NAT tests are sensitive and can considerably shorten the 
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window period (see Figurę 1 ), In a later development after B19V transmission inddents invofving plasma~derived products, 
MAT tests were inrtfated to interdict high-tlter donations, thereby decreasing the 819V virus 3oad in manufacturing pools. 



< "> Aiil igen window peri o d 

< -^ NAT window period 

Figurę 1. Dynamics of vjrus replicatlon and detection of an infection. 

Both source plasma and recovered plasma are tested by serological and NAT tests that are approved by competent regulato- 
ry authorltles or, In the case of in-process testing, are validated to manufacturers' reguirements, Plasma units found acceptable 
by these tests are combined into large pools, called fractionation pools, for manufacturing of pJasma-derwed products. The 
fractionation pool size can vary from several hundred donations (typically used for the production of spedflc immunoglobu- 
llns) to several thousand donations (used, for exannple, for the manufaeture of albumin). Flnally, the fractionation pools are 
retested for the target viruses. Testing of the plasma donations, at the individual or minipool level, and the fractionation pools 
are two of the elements that manufacturers put into place to maintain the safety margins of these products, Seroiogy testing is 
perFormed on the indivldual donations. In contrast to serology tests, current NAT tests are highly sensitive and spedfic; there- 
fore, manufacturers, in addition to testing individual donations, test mlnipools madę up of equal vofumes of eaeh donation. 
Currently, the minipool size used for NAT testing varies from 6 to 512 donations. The high sensitivity of NAT tests also allows 
earller virus detection compared to an antigem or antibody-based test, thereby redudng the average length of the window 
period. 

Flasma-denved products are produced from tested fractionation pools and are further manufactured by ustng a combination 
of fractionation and purlfication steps, These steps may have some inherent potential to remove or Inactlvate viruses and thus 
reduce viral contaminants that may have been present in the starting plasma. Nevertheless, manufacturing of plasma-derived 
products also includes dedlcated steps designed solely to inactivate (e.g., by solvent-detergent treatment) or remove (e.g., by 
virus filtration) potential viral contaminants, 

RATIONALE FOR VIRUS TESTING OF PLASMA FOR FURTHER MANUFACTURE 

Historicalfy, virologfcal test methods have been used for detecting vlraf antlgen or antibodies in dinical settings for disease 
diagnosis, inten/entron, and containmenb Subsequentfy, these methods were adapted to screen blood and plasma donations 
with high sensitivity and spedfidty for transfusion-transmlssible viruses. In order to deve!op a new vlrus screening test, scien- 
tssts must know the biochemical properties of a new emerging pathogen (e.g., the nudeic acid sequence) for the development 
of an NAT test or the protein (e.g., antlgen) for Immunological tests. When implementing such a test for a glven pathogen, 
the public heafth implicatlons of pos!tive test resufts and the potential for early intervention and treatment of the disease have 
to be consldered In addition, the avai!ability of plasma for further manufaeture and the effects of the virus on the safety of the 
flnished product should be taken into consideration. 

The emergence of a viral pathogen in the donor population could result in a consrderable virus load in the plasma donations 
and in the resulting fractionation pools. For viruses such as HBV, HCV, HIV-1, and HIV-2 that can cause chronic diseases with 
potential pubfic health effects, afl donations positive for one or morę of these viruses, irrespective of the virus tlter, must be 
removed, and the donor must be informed. Some viruses such as BI 9V are prevalent in the population (as many as 1 rn 5000 
indivrdua!s may be infected during an epidemie period) and can be present at high virus titers in infected Indlviduals. Thus, the 
remova! of all BI 9V-posItive donations could lead to a shortage of plasma. Instead, in-process NAT testing is done to interdict 
high-titer donations and thereby limit the BI 9V load in the manufacturing pooL The rationale for such screening is that B19V 
causes a self-llmiting infection In most immunocompetent hdlviduals, Following recovery, such individuals have neutralizing 
antibodies to B19V. 5eroconversion otturs early In life, because B19V Infection is common in childhood, and approximatefy 
50% of 15-year-old adolescents have BT9V antibodies, Infection of susceptible indrvlduals continues throughout adult life, and 
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B19V seroprevalence increases with age, The B19V neutralizing antibodies present in a plasma pod and the yalldated vErus 
reduction steps included in the manufacturing process ensure that the inclusion of such donations does not compromise either 
the safety of the pfasma-denved products or the avatlabiljfy of plasma for further manufacture. 

in some instances it may not be necessary or feasible to test for a blood-borne virus. For example, testing of plasma for cell- 
associated viruses such as Humań T Lymphotropic Virus (HTLV) types I and II, which present with no or with on!y limited virus 
load in plasma (but with a considerable vims load in whofe biood donations) is not required. Similarly, testing for West Nile 
Virus (WNV), a member of the Flavfviridae family, is unnecessary because the virus load is tow d u ring the asymptomatic win- 
dow period, the prevalence in the donor population is Iow (resulting in a Iow virus load In a plasma poo! for fractionation), and 
WNV can be effectively inactivated by the manufacturing process as demonstrated by va!idation studies using relevant Flaviviri- 
dae model viruses. Therefore, WNV NAT testing for ptasma (source and recovered) for further manufacture is not required. 
However, in the United States, the Food and Drug Administration (FDA) recommends WNV NAT testing for biood and blood 
components for transfusion because of the epidemEologścal situation and the risk of WNV transmission by blood components 
(see the FDA Guidance for Industry cited m the Appendix) f 

Other pathogenic vtruses such as influenza viruses and severe acute respiratory syndrome coronavirus (5ARS-CoV) are assoch 
ated with clinical disease after a short incubation period ard bave a Iow or no virus load during the asymptomatic window 
period. No transmission by blood transfusion or pfasma-derived products has been reported for these yiruses. Furthermore, the 
manufacturing process for plasma-derived products has been shown to effectively inactivate influenza yiruses. Therefore, NAT 
testing of plasma is not required for these viruses. 

Fora virus with a high prevalence in the donor population but without known clinical implications, no screening program, 
neither NAT nor serofogy, is required because the majority of donors would no longer be eligible to donate, thereby threaten- 
ing the supply of blood and plasma and of p!asma-derived products. Viruses that fali En this category are Torgue Teno Virus 
(TTV), which is present in greaterthan 80% of the generał population, and GB viru$ C (GBV-C, previously known as hepatttis G 
virus, HGV). 

Newfy emerging pathogens such as hepatitis E virus (HEV) can potentially enter the blood and plasma donor population, 
resulting in vira! infections in redpients of blood and p!asma-derived products. Monitoring the emergence of such agents is a 
continuous effort that involves academia, pufoMc organizations that monitor health and develop early warning systems, regula¬ 
tory agendes, and industry. Currently, several epidemlological sun/eillance systems are in place and include hemovigilance or 
biovigilance to address the potentiaf rlsk of emerging pathogens to the redpients of blood and plasma-derived products. This 
risk can be mltigated by appropriate measures, such as donor deferral because of geographic risk and risk behaviors, the test- 
Eng of donations if appropriate, and the inclusion of virus-reduction steps for a wide rangę of enveloped and nonenveloped 
viruses during the manufacturing process. 

APPROACHES TO TESTING 

Virologicaf screening assays are designed to detect antibodies, antigens, or nudeic acid sequences of the infectious virus via 
serological and NAT testing, Sensitive virological test methods are a prereguisite for the guality control of fractionation pools in 
order to Enterdict and discard infected donations before manufacturers process these donations into poołs to produce plasma- 
derived products. 

AU assays used to screen btood or plasma donations should be designed for their intended use and should meet the per¬ 
formance reąuirements specified by the Clinical and Laboratory Standards Institute (CLSI) guidelines for qualitative and quanti- 
tative tests* Assays aiso should comply with guidance from regulators, such as the European Common technical specifications 
for in vitro diagnostic assays (see Appendix). Associated ca libra tors or control materials must be traceable to reference materia! 
of a higher order or to reference measurement procedures. The Appendix includes FDA guidance documents pertaining to the 
manufacture and clinical evaluation of these assays and the use of Controls. U.S. and EU requirements or recommendations for 
tests for screening plasma for further manufacture are described in the Regulatory Environment section* 

Serological (Immunological) Assays 

Serological assays detect antibodies, antigen, or a combination of both. Antibody-detection assays usually are performed by 
incubattng an Emm obił ized virus antigen (virus lysate or, morę common currently, vtrus proteins produced by recombinant 
protein technology) with a plasma sample. If antibodies speclfic to the viral protein are present in the sample, they bind to the 
target antigen. The virus-specific, bound antibody is in turn incubated with a labeled secondary antibody that is specific for the 
virus-spectfic, bound antibody. The (abel yields a signal that then is detected. Alternatlvely, for the measurement of a viral anti¬ 
gen present in a sampfe, immobilized antibodies speclfic for the viral antigen first are incubated with a plasma sample, a la¬ 
beled antibody (often a monoclonal antibody) against the virus protein is added, and the mixture is incubated. For morę de- 
tails about these assays, see Immunotogical Test Methods — Emyme-Linked Immunosorbent Assay (EUSA) (11 03). 
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Nucleic Acid Amplification Technotogy Tests 

NAT is a colleetive term for the various methods that are used to amplify and detect the spedfic genomie sequences in vari- 
ous sample types. These methods indude polymerase cha n reaction (PCR), transenption-mediated amplification (TMA), and 
branched DNA (bDNA) and are detalled In Nucleic Acid-Based Techniques—General 0 125), Nucleic Add-Based Techniques—Ex- 
Iraction, Detection i> and Sequencing (1126), and Nucleic Add-Based Technigues—Amplification (1127). NAT tests typlcalfy use 
gene-sperific oligonudeotides (e.g., primers, probes), enzymatic amplification reagents (e.g., buffers, nucleotides, enzymes, 
cofactors), and a method that alfows the detection of the ^esuEting amplification products. Currently, NAT tests for HBV, HCV, 
HIV, BI 9V, and, in some cases, HAV, are used to screen plasma forfurther manufacture. 

For high-throughput testing, which is deslred for the testing of plasma donations used for further manufacture, NAT offers 
distinct advantages over serolog ical testing. First, heca use of the high sensrtivity of these methods, samples of plasma dona¬ 
tions can be combined into pools (minipools) that allow simultaneous testing of multiple samples, in contrast to serological 
assays that are performed on individuaf samples. AEthough the operational logistics used in donation minipool testing are morę 
compllcated than those involved in testing individual donations, the minipool approach generally alfows an improved turn- 
around time for the release of negative samples compared to the tradStional nonpooling method. A reactive minipool is decon- 
structed to Identify any positive donation(s). However, because of the dilution of virus In any given donation, minipool testing 
has an inherently decreased sensitivity compared to individual donation testing. 

Tobie 1 summarizes the potential viral load, which could be avoided by NAT testing, in a fractionation pool caused by the 
indusion of a single serological-window-period donation for the five major transfusbn-transmitted vimses. 


Table 1 


Vlrus 

Potential ^/iral Load in Fractionation Pool Caused by Contamination with 

One Window-Period Donation 
(ApproKimate yalues) 11 

HBV 

8 x l0 s llf 

HCV 

a x10 30 IU 

HIV-1 

8 ic10 5 IU 

HAV 

8 x10 9 IU 

BI 9V 

8 x!0 lrl IU 


J Assuming one pląs ma donation h approximately 800 mL. References supporting these vakies are found fn the Appendix r 


REGULATORY ENVIRONMENT 

Regulatory agencies have the goal of ensuring that pEasma-derived products are safe with respect to risk from blood-borne 
pathogens. En addltfon to regulating the finał products, reguła tors also oversee the assays used to test for infectious agents and 
set polides about how those tests will be used, AEthough regulatory agencies in the United States and Europę siwe the com- 
mon goal of safety, they use different lega! structures and strategies. In generał, the hierarchy of regulatory documents is simb 
lar. Both start with laws that set the defmitive requirements for donor selection and plasma screening. 

In the United States, the primary laws that regulate plasma-derived products and the assays that test their safety are the 
Pubiic Health 5ervice (PHS) Act and the Federal Food, Drug, and Cosmetic (FD&C) AcL The PHS Act addresses biologics and 
communlcable disease Controls, and the FD&C Act addresses drugs and medical devices. Donor-screening tests are Eicensed 
under the PHS Act ratherthan being cleared or approved under the medical de\/lte provisions of the FD&C Act. Testing re- 
gulrements for communicable disease agents, includmg viraf pathogens such as HBV, HCV, and HIV, are reguired under 21 
CFR, inefuding not only test requirements (21 CFR 610.40) but also donor deferral (21 CFR 610.41) and look-back reguire- 
ments (21 CFR 610.46 through 610,48). If a plasma or blood donation is reactive in one of the screening tests, especialfy in 
the donor-screening tests for HBV, HCV, or HIV, supplementary or confirmation tests should be conducted to ctarify whether 
the donor is infected [21 CFR 61 G(b)], The donor must be informed (21 CFR 630.6) and should be exduded from donating 
blood or plasma (temporarily or permanentiy according to 21 CFR 630.6), and manufacturers should initiate a look-back pro¬ 
cedurę (21 CFR 610.40—48). For HiV and HCV, the procedurę indudes not only the quarantine and destruction of unused, 
previously donated units from an infected donor, but also the further testing of the donor and notffication of the redplents of 
the blood and blood components (21 CFR 610.47-48). The look-back period can be as long as 1 year (21 CFR 61 0.46-48). 

The responsfbility for legislation of the European Union (EU) is shared between the EU and the European Member States. 

The European Commission (EC) is responsible for the regulatlon of the common European market and thus is responslble for 
medicinal products for human use, whereas the Member States are responsible for Health tarę, which indudes the supply of 
hospitals with blood components such as pEasma and cellular components for transfusion. Because the EC is responsible for the 
regulation of medicinal products derfyed from human blood or plasma, if is, as a conseguence, also responsible for the regula¬ 
tion of plasma for further manufacture. The laws of the EU are found in regulations and directlves from the EC and in the bind- 
ing monographs of the European Pharmocopoeia ( Ph. Eur.). 

Additional tests and spetifications for plasma for further manufacture have been developed as part of the PEasma Product 
Therapeutics Assoclation (PPTA) Yoluntary Standards Program. The PPTA Quality Standard for Exceltence, Assurance, and Lead- 












USP40 


General Information / (1240} Testing of Humań Plasma 1961 


ership (Q5EAL) indudes additional routlne testing of blood and plasma donations or plasma pools for HCV RNA, H1V RNA, HBV 
DNA, HAV RNA, and B19V DNA, Companies certifled by PPTA under the Q5EAL program have implemented this testing. 

Testing of Plasma for Further Manufacture 

In the United States, all virus tests intended for donor screening, such as HBV, HCV, and HIV, are regulated as biologics and 
are subject to dinical va!idatśon and ficensure by FDA’s Center for Biologics Evaluation and Research (CBER). Clinical specificity 
must be evaluated and demonstrated with healthy donors and foilow-up testing when applicable, and cllnica! sensitivity 
should be evaluated and demonstrated with high-risk donors and follow-up testing. Use of reference panels (from FDA or a 
designated source) is needed for release of each lot of kits intended for market distribution. In-process tests such as NAT test¬ 
ing for HAV or B19V do not reguire clinical trials to demonstrate assay effectiveness, However, the manufacturers of plasma- 
derived products shoufd perform preclinical yalidation and should submit data for review and approval by CBER as analytical 
procedures for plasma-derived products, 

In the European Union, donation screening tests are regulated as medical devices. Spedfically, Directive 98/79/EC outlines 
requirements for the approval of tests or test kits, which requtre the CE mark before marketing and use for testing. The CE 
mark confirms that the fest or the test kit meets specified guality criteria. Screening tests for manufacturlng poofs must be vaEi- 
dated by the end user foliowi ng specific guidelines. As in the United States, in-process tests are not licensed, and the end user 
is responsible for yalidating the fest. 

In Europę, in addition to virus screening of plasma pools by the manufacturers of plasma-derived products, screening for 
defined viruses is part of the official batch-release procedurę. The EC and the Councii of Europę agreed in May 1994 to create 
a network of Official Medicines Control Laboratories (OMCLs), The OMCLs perform tests on each batch of p!asma-derived me- 
dicinal product, inciuding virus testing of the fractionation pool used to produce the batch. All reguired tests are performed 
and documented In the European Batch Release Certificate that is accepted by each Member State as the basis for ptacing the 
product on the market. In order to comply with the sensitiyity limits set for NAT testing, mini pools of various sizes (6-512 
donations) are tested by the manufacturer or by the blood donation centers where the collection and testing of blood or plas¬ 
ma is performed. Only donations that meetthe reguirements are used for pooling. 

Serological Tests 

EDA REQUIREMENTS OR RECOMMENDATtONS 

An indiv;dual donation of source plasma or recovered plasma derived from whole blood must be tested for HBsAg, anti- 
HIY-1, anti-HIY-2, and anti-HCY, but not for anti-HBc, anti-HTLV4, and anti-HTLY-ll by FDA-licensed serological tests intended 
for donor screening (Tobie 2). A reactive donation must be further tested by a supplemental (i.e., additional, morę specific) test 
that has been approved for such use. Even with the implementation of corresponding NAT tests, serological testing of each 
donation still must be performed. 

Currently, EDA recommends using licensed donor-screening kits that are capable of detecting anti-HBsAg, the antibody ca- 
pabl-e of neutralizing HBY, at 0.5 ng/mL or less. Whole blood sometimes is tested for anti-HBc, but because anti-HBsAg often 
occurs with anti-HBc, plasma for further manufacture is not reguired to be tested for anti-HBc. Therefore, afthough recovered 
plasma is derived from whoie-blood donations that might have been tested for anti-HBc, it can be shipped for further manu- 
facturing regardless of the test results. 

FDA first recommended standardized anti-HIV-1 donor-screen tests in 1989 in a draft Points to Consider document that de- 
scribed test kit manufacture and the predinical and dinical studies needed for licensure, and this recommendation generalty 
can be applied to other serological tests. Since the avaiiability in 1991-1 992 of licensed serological kits for simuftaneous detec- 
tion of antibodles to H!V-1 and HlV-2, FDA further recommends the use of either a licensed combined test or two separata 
licensed tests for donor screening. 

FDA licensed an anti-HCV test containing multipfe recombinant antigens in 1 992, and a subsequent guidance recommen¬ 
ded that all donations for blood and biood components intended for transfusion and source plasma intended for further man¬ 
ufacture be screened by an FDA-licensed test for anti-HCV. 

EU REQUIR£MENT5 

Requirements for collection of blood and plasma, for selection of donors, and for testing of donations in Europę were re- 
feased in 2003. Directives 2002/98/EC and 2003/63/EC contain donor-sefection criteria and testing reguirements for blood 
and plasma independent of its use. The reguirements of the directives are standards for plasma for further manufacture but 
can be extended by a Member State for the regulation of blood components. An overview is provlded In the Reports of the 
European Committee (Partial Agreement) on Blood Transfusion (CD-P-TS), The report indicates that in addition to the serologi¬ 
cal standard tests that are obllgatory for the testing of plasma for fractionation (summarized in Tobie 2), testing for HłV anti- 
gen, anti-HBc antibodies, HCV antigen, anti-HTLV-l, and anti-HTLV-!l antibodies is reguired in some Member States, and test- 
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mg for antibodies against cytomegalovirus is performed in certam cases. However, these additional ruies are applicable only if 
blood components for transfusion (erythrocytes, platelets, or plasma) are produced* 

The test regime required for donations used for production of plasma derivative$ are summarized m the Ph. Eur monograph 
Haman Plasma for Fractionation (0853)* Only licensed tests or test kits can be used for donor screening, Licensed tests have a 
CE mark, which confirms that the quality of the test meets predefined criteria (e.g., an HBV screening test must detect HBsAg 
in a concentration of 0*5 ng/mL or less)* The most important guality attributes, namely specifrdty and sensitivity, are tested in 
ctinical trials using donor sam pies (minimum of 5000 samples) and dinical samples (minimum of 200 samples). 5ensitivity of 
the tests must be demonstrated with positive samples (minimum of 400 samples) and with seroconversion panels (minimum 
of 20 panels). 

HBsAg tests and antibody tests against HIV Types 1 and 2 also are used for the testing of fractionation pools, The plasma 
manufacturer should demonstrate that the test is qualified for this use and meets the requirement$ laid down in the appropri- 
ate guidelines of the European Medicines Agency. 

The current test regime is discussed regularly among EU Member States and may be subject to change if necessary because 
of the epidemblogicaf sltuation. If changes in the requirements are madę, the Ph. Eur. monograph Humań Plasma for Froctiona- 
tion (0853) and the product-specific monographs will be adopted accordingly (e.g., a change in the monograph Humań Pias- 
ma (Pooledand Treated for Virus lnactivation) (1646) is proposed; it requires testing for HEV by NAT), 

NAT Tests 

As described previou$ly, only licensed serological tests that use antibody- or antigen-detection technology are reguired to 
screen plasma in single-donation format. However, NAT testing generałly can detect evidence of virai infecbon at an early 
stage, and FDA licensed NAT tests for HIV-1 and HCV in 2001 for source plasma donors and in 2002 for whole-blood collec- 
tions. Thus NAT tests are used to screen plasma donations, generally in a minipool format, using pool sizes that depend on the 
analytical sensitivity of the NAT test and, in some cases (HCVand 819V), the fractionation pool. In generał, plasma donations 
are screened in a minipool format in which the pool size depends on the analytical sensitivity of the NAT test The size of the 
minipool used for source plasma donations generally is much larger than that for blood donation testing (as large as 512 com- 
pared with 96 for blood donations). The tumaround time 'eguired for retesting a reactive pool in order to rdentrfy the reactive 
donation is less critical for plasma compared with that for blood for transfusion because some blood components soch as pla- 
telets have a short shelf life. 


FDA REQUIREMENT5 OR RECOMMENDATIONS 

To adeguately and appropriately reduce the risk of transmissions of HIV-t, HCV, and HBV, FDA-llcensed NAT tests are re* 
quired for donor screening. A list of FDA-licensed, donor-screening NAT tests and serological tests is updated as needed and is 
available on the FDA website. 

FDA's initial guidance for HIV NAT in 1999 recommended standards for the manufacture and clinical evaluatlon of tests to 
detect nucleic add seguences of HIV-1 and HIV-2 for Jicensure. Thrs guidance provided some of the major regulatory and sci- 
entific guidance for NAT assays not only for HIV but also fcr other transfusion-transmitted viruses. Since then FDA has revised 
the regurrements for the analytical sensitivrty of HIV-1 and HCV NAT tests as 100 lU/mL for HiV-1 RNA and HCV RNA when 
tested in a minipool or as 10,000 lU/mL HIV-1 RNA or 5000 lU/ml HCV RNA when tested in an individual donation. FDA's 
2004 guidance on NAT screening of HIV-1 and HCV in doror whole blood, blood components, and source pfasma and a fur- 
ther guidance in 2010 contain recommendations about testing, product disposition, and donor deferral and reentry. The latter 
supersedes earlier recommendations for reentry of donor deferral and reentry because of serological testing results for anti- 
HIV-1 and anti-HCV. 

The source plasma industry has yoluntarily impiemented HBV NAT testing in minipool format. Severa! FDA-iicensed HBV 
NAT tests for donor screening are availabie. In 2012 FDA ftnalized a guidance recommending the use of HBV NAT on pooled 
and individual samples from donors of whole blood and blood components for transfusion or forfurther manufacture, rnclud- 
rng recovered plasma and source plasma. The guidance recommends an NAT test sensitivity of 100 lU/mL for testing indMdu- 
al donations of whole blood and biood components intended for transfusion, Because of the vrms-reduction step(s) used dur- 
ing the manufacturing of plasma-derived products and the presence of neutralizing anti-HBsAg tn the manufacturing pools, 
FDA recommends a NAT test sensitMty of 500 JU/mL for indivtdual donations when manufacturers test mini pools of plasma for 
further manufacture. The guidance also contains recommendations about product testing and disposition, donor manage- 
ment, methods of donor requalification, and product labeling. The guidance also supersedes the relevant recommendations 
based on HBsAg and anti-HBc serological testing results. 

In 2009 FDA issued a finał guidance for B19V NAT testing following a postmarket surveillance study report of a B19V trans- 
mission incident associated with solvent and detergent-treated (S/D-treated) pooled plasma, The guidance recommends the 
use of B19V NAT as an in-process test for plasma for further manufacturing to ensure that the level of B19V DNA in fractiona¬ 
tion pools does not exceed ^0 Ą lU/ml. The guidance document recommends that the primers and probes selected for a B19V 
NAT test should detect all known genotypes of the virus. The WHO International BI 9 Cenotype Panel containing tbree geno- 
types is available for valldation purposes. Currently, in-process HAV NAT testing is widely Impiemented by fractionators who 
use source plasma as starting plasma, but FDA has not issued a relevant guidance document. Because the in-process B19V NAT 
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test is used to limit the virus load in the plasma pool, these tests most be capable of SI 9V DNA quantitation (unlrke the NAT 
tests for HBV, HCV, HIV, and HAV, which are qualitative NAT tests). 

EUROPEAN REQUIREMENTS 

NAT tests used for donor screening are subject to licensing and receive the CE mark if a test meets the predefined test spęd- 
fications. NAT tests for plasma poof samples must be yalidated according to the Ph. Eur generał test NudeicAdd AmpUficotion 
Technigues (20621), Currently, plasma for manufacture (plasma pools for fractionation) must be tested for HCV RN A by a NAT 
test, but there are no requirements for NAT testing for HBV DNA and HIV RNA although most plasma manufacturers voluntari- 
ly test for all three viruses. The guideline requires that a test should be abte to detect all HCV genotypes. However, in view of 
the difficulty of obtaining rare HCV genotypes, It is sufficient that at Jeast the most preva!ent genotypes (En Europę, genotypes 
1 and 3) are detected at a suitable level. Plasma should be negative when screened with a test that can detect a sampie con- 
taining 100 EU/ml of HCV RNA (calibrated against the WHO HCV International Standard). 

Testing for B19V DNA generally is not required but must be performed for products that are seen as a higher risk for pa- 
tients Ef thts virus is present (eg,, anti-D immunoglobulEn products and pEasma that is pooled and Enactivated by S/D treat- 
ment). In addrtion, the latter product also must be tested and found nonreactive for HAV RNA, and in the futurę it also should 
be nonreactIve for HEV RNA. Unlike testing for HCV and HAV where the fractionation pool should be nonreactive for these 
yiruses, for BI 9V testing the virus load In the fractionation pool and pooled S/D-treated plasma should not exceed 10 lU/pL 
B19V DNA. The requErements are detailed in the product-specific Ph, Eun monographs. In order to avoid a reactive pool, whtch 
would have to be discarded, NAT testing also is performed on single donations or preferentially on minipools comprislng 16- 
512 donations. Although the reguirement for B19Y and HAV NAT testing is appiicable only to plasma used for the manufac¬ 
ture of pooled S/D-treated plasma and anti-D ImmunoglobulEn products, most plasma manufacturers voluntarily test plasma 
destined for manufacture of all plasma-derived products to reduce the virus load in the fractionation pools. 

The current EDA and EU reguirements for testing plasma for further manufacture are summarized in Tah!e 2 and Tobie 3, 


Table 2. PDA and £U Serology Testing Reguirements for Plasma for Further Manufacture 


Screening Test 

FDA 

EU 

Serologkal Testing of lndividual Plasma Donations 
(Recovered and Source) 

HBsAg 

Reguired 

Required 

Anti-HBc 

Not reguired 

Not reguired 

Anti-HIV-l /Anti-HIV-2 

Required 

Reguired 

Antf-HTLV-l/JI 

Not required 

Not reguired 

Anti-HCy 

Reg ui red 

Reguired 

Serologkal Testing of the Fractionation Pool 

HBsAg 

Not reguired but wid ely im ple men te d by plasma fractio- 
nators 

Reguired 

Anti-H!V 

Not reguired but widely implemented by plasma fractio- 
nators 

Reguired 


Table 3, FDA and EU NAT Testing Kegtiirements for Plasma for further Manufacture 


Screening Test 

FDA 

EU 

NAT Testing of Plasma Donations in Minipool Format 

HIAM RNA 

Required, using tests with a sensitfvity of 10,000 ILI/mL for the 
individual donation 

Not required but widely implemented by plasma fractionators 

HCV RNA 

fiequired, using tests with a sensitivity of 5000 lU/mL for the 
fndividual donation 

Not requfred but recommended in order to avoid unnecessary 
foss of a fractionation poof (see be Iow) 

WNV RNA 

Not reguired 

Not required 

HBV DNA 

Reguired, using tests with a sensttivity of 500 lU/mL for the in- 
dividua! donation 

Not required but widely implemented by plasma fractionators 

B19V DNA 

Required with a manufacturing pool limit of <] 0^ IU/mL BI 9V 
DNA 

Required for specific products (anti-D immunoglobulEn and 
pooled S/D-treated plasma); a manufacturing pool limit of 
B19V DNA £10 lU/pL is required. This limit is voluntarify im¬ 
plemented by most plasma fractionators for all products. 

HAV RNA 

Not reguired but wEdely implemented by plasma fractionators 

Reguired only for 5/D-treated plasma; not reguired for other 
products but widely implemented by most plasma 
fractionators 


13 The new monograph will be implemented soon. See the draft Ph. Bur. manograph Humań Plasma (Pooled and Treated far Virus inactivation (1640)). http:// 
pharmeuropa.edqm.eu/Text5ForComment/NetisUlils/srvrutiLgeidoc.asp?(/2L30qDZGrTitLmnDZG5HlveT6qO//l 64GE.pdf. Accessed 20 February 2013, 
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Table 3. FI>A and EU NAT Testing Regtiirements for Plasma for Further IVianufacSure (Continued) 


Screening Test 

FDA 

EU 

HEV 

Currently not required 

Testing not yet required; testing reguirements will be intro- 
duced for a spedfic product only (pooled S/D-treated 
plasma). 

NAT Testing of the Fractionation Pool 

HIV-1 RNA 

Not required but widely implemented by plasma Fractionators 

Not reguired but widely implemented by plasma Fractionators 

HCV RNA 

Not required but widely implemented by plasma fractionators 

Regurred; the fractionation pool must be nonreactive using a 
test that detects 100 lU/ml of HCV RNA. 

WNV RNA 

Not required 

Not required 

HBV DNA 

Not required but widely implemented by fractionators 

Not required but. widely implemented by 
fractionators 

B19V DNA 

Reguired; a limit of <10 1 ILf/mL BI 9V DNA for fractionation 
pools is reguired. 

Required for spedfic produets (anti-D immunoglobulin and 
pooled S/D-treated plasma); a limit of BI 9V DNA <10 EU/jjlL 
for fractionation pools is required. Thls limit is voluntarity im¬ 
plemented by most plasma fractionators for all produets. 

HAV RNA 

Not required but widely Implemented by plasma fracLionators 

Required only for a spedfic product (pooled S/D-treated plas¬ 
ma); Ehe fractionation pool must be nonreactive using a test 
that detects 100 iU/mL. 

HEV 

Not required 

Testing not yet reguired; testing reguirements will be intro- 
duced for a spedfic product only (pooled S/D-treated plas¬ 
ma). After the requirement is implemented, the plasma pool 
must be nonreactlve using a test that can detect 2.5 (og 10 
IU/mL of.HEV RN AA 


G The new monograph will be implemented soon. See the draft Ph, Eur, monograph Humań Plasma (Poofed and Treoted for Virus lnactivation (1640)). http:// 
pharmeuropa.edqm.eu/TextsForComment/NetisUtils/srvrutiljqetdoc.asp>V2L3QqDZGmCLmnDZG5HlveTóqQ//164DE.pdf. Accessed 20 February 201 3, 


CONGLUSION5 

Ali the measures dtscussed in this chapter, along with vinj3-reduction steps includeci during the manufacturing procesy en- 
surę the safety of plasma-denved produets. However, testing of ptasma for further manufacture Is only one of the steps taken 
to ensure the safety of the finał pfasma-derived produets. Both manufacturers and regulators face continuing chalfenges be- 
cause of the emergence of new blood-borne viruses, mutants, and variants of existing vlmses not detected by current serologi- 
cal/NAT technology. The deve!opment of new screening tests and regulatory guidance documents depends on whether the 
emergrng virus is a risk to the safety of plasma-derived produets. 

APPENDIX 

Regulatory Guidances 

o CAO-HEHS-98-205; General Accounting Office, Blood Plasma Safety: Plasma product risks are Iow if good manufaetunng 
practices are followed. 

* 21 CFR 606: Current good manufacturing practice for blood and biood components. 

* WHO. Technical report, series 941, 2007: Recommendations for the production, control and regulation of human plasma 
for fractionation. 

5 FDA. Guidance for industry: use of nudeic acid tests on pooled and individual samples from donors of whote blood and 
biood components, induding source plasma, to reduee the risk of transmEssion of hepatitis B virus. http://wwwida.gov/ 
download5/BiologicsBloodVacdne5/GuidanceComplianceRegutatorylnformation/Guidances/Blood/UCM327S95.pdf ł Ac¬ 
cessed 21 February 201 3. 

* FDA. Guidance for industry; use of nucleic acid tests to reduee the risk of transmEssion of West Nile Virus from donors of 
whole blood and blood components intended for transfusion. 

* 21 CFR 61 0.40-610.48, Part 630 or Part 640. 

* WHO. Technical report, series 924, annex 4: gutdelines on viral Enactivation and removal procedures intended to assure 
the viral safety of human blood plasma produets. http://www.whojnt/bloodproducts/pub]ications/ 
WHO_TRS_924_A4.pdf. Accessed 20 February 2013. 

* EMEA/CHMP/BWP/706271/2010. Guideiine on p!asma-denved medidnal produets. http://www.ema.europa.eu/docs/ 
en_GB/document_library/Scientific_guideIine/2011/07/WC5001 09627.pdf. Accessed 25 February 2013. 

* FDA. Guidance for industry: nudeic add testing (NAT) for human immunodeficiency virus type 1 (HfV-1) and hepatitis C 
virus (HCV): testing, product disposition, and donor deferrai and reentry. http://www.fda.gov/downloads/BiologicsBlood- 
Vaccines/GuidanceComplianceRegu!atory!nformation/Guidances/Blood/ucm21 0270.pdf. Accessed 21 February 201 3. 

9 PPTA. Quality standards for exceltence / assurance, and leadership (Q5EAL). http://www.pptaglobal.org/safety-quality/ 
standards/qseaT Accessed 21 February 201 3. 
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* Council of Europę. Directive 98/79/EC of the European Parliament and of the Coundl of 27 October 1998 on in vitro 
diagnostlc medicai devices. Official 07 December 1 998. Strasbourg, France: EMEA; 1 998:1-37. 

* Council of Europę. Dlrective 98/79/EC, Annex II Ust A in combination with Article 9(2), (3). Strasbourg, France: EMEA; 
1998. 

■ Council of Europę. Commission Decislon of 7 May 2002 on common technical spedfications for in vitro-diagnostic medi- 
cal devices (2002/364/EC); Official Journaj 1131 of 16/05/2002, p. 1 7-30. http://eur-lex.europa.eu/LexUriServ/LexUn- 
Serv.do7uri-0|:L:2002:1 31:001 7:0O3O:EN:PDF. Accessed 25 February 2013, 

■ EDQM. General European OMCL network. http://www.edqm.eu/5jte/General-European-OIV1CL-Network-46.htmL Ac¬ 
cessed 21 February 2013. 

* EDQM. Heads of Medicines Agendes (HMA) Working Group on Product Testing. Principles for mutual recognition of con¬ 
tro! resutts. http://www.edqm.eu/medias/fichiers/NEW_Pnncipjes_for_MutuaLRecognition_of_ContrQl_r.pdf. Accessed 21 
February 2013. 

* EDQM. Official Contro! Authority Batch Release (OCABR) for human biologicals: vacdnes, blood, and plasma derivatives. 
http://www.edqm.eu/site/Human_Biologicals_OCABR-61 1 .html. Accessed 21 February 201 3, 

* FDA. Guidance for industry: adequate and appropriate donor screening tests for hepatitis B; hepatitis B surface antigen 
(HBsAg) assays used to test donors of whole blood and blood components, including source plasma and source leuko- 
cytes. http://www, fda.gov/BiologicsBEoodVaccine5/GuidanceComplianceRegulatorylnformation/Guidances/Blood/ 
ucm072543.htm, Accessed 21 February 201 3. 

8 FDA. Recommendations concerning testing for antibody to hepatitis B core antigen (Anti-HBc). http://www.fda.gov/ 
download5/Bio!ogicsBEoodVaccEne5/GuidanceCompliaiceRegulatorylnformation/OtherRecommendationsforManufacatur- 
ers/MemorandumtoBioodE5tab]ishments/ucm062847,pdf. Accessed 21 February 2013. 

* FDA. Draft of points to consider in the manufacture and clinical evafuat!on of in vftro tests to detect antibodies to the 
human immunodeficiency virus type 1. http://www.fca.gov/downfoads/BiologicsBEoodVaccines/GuidanceComplianceRe- 
gulatorylnformation/Guidances/Blood/ucm080958.pdf. Accessed 21 February 201 3. 

° FDA. Revised recommendations for the prevention of human immunodeficiency virus (HIV) transmlsslon by blood and 
blood products. http://www.fda.gov/downfoads/BiolGgicsBloodVaccine5/GuidanceCompltanceRegulatorylnformaffon/ 
Other RecommendationsforManufacturer5/MemorandumtoBloodEstablishnients/ucm062834.pdf. Accessed 21 February 
2013. 

* FDA. Revised recommendations for testing whole blood, blood components, source plasma, and source leukocytes for an¬ 
tibody to hepatitis C vlrus encoded antigen (anti-HCV). http://www.fda.gov/downJoads/BiologicsBloodVaccines/Guidan- 
ceCompfianceReguEatoryEnformation/Other RecommendatFonsforManufacturers/MemorandumtoBfoodEstabltshments/ 
ucm062832.pdf. Accessed 21 February 2013. 

* Directive 2002/98/EC of the European Parliament and of the Council of 27 January 2003 setting standards of guality and 
safety for the coflection, testing, processing, storage and distribution of human bEood and blood components and 
amendtng Directive 2001/83/EC. OJEU . 2003;L33:30^10. http://eur-!ex.europa.eu/LexUn5erv/LexUriServ.do?un=Oj:L: 
20O3:033:O030;004Q:£N:PDF. Accessed 25 February 2013. 

3 Commission Directive 2004/33/EC of 22 Mareh 2004 implementing Directive 2002/98/EC of the European Parliament 
and of the Council as regards cerfain technical reguirement for blood and blood components. OJEU. 20G4;L91:25-39. 
http://eur4ex.europa.eu/LexUriServ/LexUnServ.do?uri=0):L:2004:091:0025:0039:EN:PDF. Accessed 25 February 2013. 

a EDQM, Council of Europę. The collection, testing, and use of blood and blood components in Europę, http:// 
www.edqm.eu/medias/fichiers/The_Collection_Testing_and_Use_of_Biood_and_Blood_3.pdf. Accessed 21 February 201 3. 

* EMEA/CHMP/BWP/298390/2005. Guideline on validation of immunoassay for the detection of hepatitis B virus surface 
antigen (HBsAg) in plasma pouls. http://www.ema.europa.eu/docs/en_GB/document_library/5cientific_guideline/ 
2009/09/WC5000Q3704.pdf. Accessed 25 February 2013. 

EMEA/CHMP/BWP/298388/2005. Guideline on vafidation of immunoassay for the detection of antibody to human immu¬ 
nodeficiency virus (anti-H!V) in plasma pools. http://www.ema.europa.eu/docs/en_GB/document_library/Sdentific_guide- 
line/20O9/O9/WC5O0003685.pdf. Accessed 25 February 201 3. 

° FDA. Complete list of donor screening assays for Enfectious agents and HEV diagnostic assays. http://www.fda.gov/Biologi- 
cs Blood'Vacdnes/BloodBloodProd ucts/ApproyedProducts/LicensedProd uctsBLAs/B I ood Do norScreen ing/3 nfectiousDisease/ 
ucm080466.htm . Accessed 21 February 2013. 

51 FDA. Guidance for industry: in the manufacture and clinical evaluation of in vitro tests to detect nudeic acid sequences of 
human immunodeficiency viruse$ types 1 and 2. http://www.fda.gov/BioJogicsBloodVaccines/GuidanceCompfianceRegu- 
latorylnformat!on/Guidances/BEood/ucm077067.htm. Accessed 21 February 2013. 

■ FDA. Guidance for industry: use of nucleic acid tests on pooled and indivldual samples from donors of whole blood and 
blood components (inctuding source plasma and source leukocytes) to adequately and appropriately reduce the risk of 
transmission of HIV-1 and HCV. http://www.fda. gov/BiologicsBloodVacdńes/GuidanceCompfianceRegulatorylnformation/ 
Guidances/Blood/ucm074934.htm. Accessed 21 February 2013. 

* FDA. Recommendations for the management of donors and units that are initially reactive for hepatitis B surface antigen 
(HBsAg) [letterjl http://www.fda.gov/downloads/BFologicsBioodVaccines/GuidanceComplianceRegufatorylnformation/ 
OtherRecommendationsforManufacturers/MemorandumtoBloodEstablishments/ucmOóBOI 1.pdf. Accessed 21 February 
2013. 
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* PDA. Gufdance for industry: nucleic acid testing (NAT) to reduce the possibie rfsk of Humań parvovims BI 9 transmlssion 
by plasma-deriyed products. http://www.fda, gov/BEo]QgEcsBiQQdVacdne 5 /GuidaneeCQmpiianceRegulatorylnfarmatEon/ 
Guidances/BloQd/ucm071 592.htm. Accessed 21 February 201 3. 
e FDA, Blood Products Advisory Committee. Nucleic acid testing of blood donors for human parvovlrus BI 9, http:// 
www.fda.gov/ohrms/docket5/ac/99/transcpt/354Bt1 b.pdf and http://www.fda.gov/ohrms/dockets/ac/99/transcpt/ 
354St1 c.pdf. Accessed 21 February 201 3. 
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(1241) WATER-SOLID INTERACTIONS IN PHARMACEUTICAL SYSTEMS 


INTRODUCTSON 

This generał chapter is harmonized with the corresponding texts of the European Pharmacopoeia and/or the japanese Phar¬ 
macopoeia , These pharmacopeias have undertaken not to make any unilateral change to this harmonized chapter. Portions of 
the present generał chapter text that are national USP text, and therefore not part of the harmonized text, are marked with 
symbois (%) to specify this fact. 

Pharmaceutlcal sollds as raw materials or as constituents of dosage forms most often come in contact with water during 
Processing and storage. This may occur (a) during crystallizatlon, lyophllization, wet granulation, or spray drying; and (b) be- 
cause of exposure upon handling and storage to an atmosphere containlng water vapor or exposure to other materials in a 
dosage form that contaln water capable of distributing it to other ingredients. Some properties known to be altered by the 
assoclation of sollds with water fnclude rates of Chemical degradation in the "solld-state", crystal growth and dissolution, dis- 
persibility and wetting, powder flow, lubricity, powder compactlbility, compact hardness, and microbial contaminatlon. 

Although precautions can be taken when water is perceived to be a problem, i.e., eliminating all moisture, reducing contact 
with the atmosphere, or controlling the re[atlve humidity of the atmosphere, such precautions generally add expense to the 
process with no guarantee that during the life of the produetfurther problems associated with moisture will be avolded. It is 
also important to recognize that there are many sftuatlons where a certain level of water in a solid Is required for proper per¬ 
formance, e.g., powder compaction. it is essentlal for both reasons, therefore, that as much as possibie is known about the 
effects of moisture on sofids before strategies are developed for their handling, storage, and use. 

Some of the morę criticaf pieces of required informatson concemtng water-solid interactions are: 

— total amount of water present; 

— the extent to which adsorption and absorption occur; 

— whether or not hyd rates form; 

— specific surface area of the solid, as well as such properties as degree of crystallinity, degree of porosrty, and glass transi- 
tion and melting temperaturę; 

— sfte of water interactlon, the extent of blnding, and the degree of molecular mobility; 

— effects of temperaturę and relative humidity; 

— essentially irreversible hydratlon; 

— kinetics of moisture uptake; 

— various factors that might influence the ratę at which water vapor can be taken up by a solid; 

— for water-soluble sollds capable of being dissolved by the sorbed water, under which conditions dissolution will take 
place. 
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PHYSICAL STATES OF SORBED WATER 

Water can physically interact with soiids in different ways. It can interact at the surface (adsorption) or it can penetrate the 
bulk solid structure (absorption). When both adsorption and absorption oceur, the term sorption is often used. Adsorption is 
particularly critical in affectfng the properties of soiids when the specif ic surface area is iarge. Large values of specif ic surface 
area are seen with soiids having very smali particles, as well as with soiids having a high degree of intraparticle porosity. Ab¬ 
sorption is characterized by an association of water per gram of solid that is much greater than that which can form a mono- 
molecular layer on the available surface, and an amount that is generał ly independent of the specific surface area. 

Most crystalline soiids will not absorb water into their bulk structures because of the close packing and high degree of order 
of the crystal lattice. Indeed, tt has been shown that the degree of absorption into soiids exhibiting partial crystallinity and 
partial amorphous structure is often inversely proportiona! to the degree of crystallinity. With some crystalline soiids, however, 
crystal hydrates may form. These hydrates may exhibit a stoichiometric relationship, rn terms of water molecules bound per 
solid mofecule, or they may be non-stoichiometnc. Upon dehydration, crystal hydrates may either retain their original crystal 
structure, lose their crystallinity and become amorphous, or transform into a new anhydrous or less-hydrated crystal form, 

Amorphous or partlaliy amorphous soiids are capable of taking up significant amounts of water because there is sufftcient 
molecular disorder in the soiid to permit penetratlon, swelling, or dissolution. Such behavior is observed with most amorphous 
poiymers and with small-molecular-mass soiids rendered amorphous during preparation, e.g„ by lyophilizafion, or after mili- 
ing. The introduction of defects into highly crystalline soiids wtll also produce this behavior. The greater the Chemical affinity of 
water for the solid, the greater the total amount that can be absorbed. When water is absorbed by amorphous soiids, the bulk 
properties of the solid can be significantly altered. It is well established, forexample, that amorphous soiids, depending on the 
temperaturę, can exist in at least one of two States: "glassy" or "fluid"; the temperaturę at which one State transforms roto the 
other is the glass transition temperaturą T G . 

Water absorbed into the bulk solid structure, by virtue of its effect on the free volume of the solid, can act as an efficient 
plasticizer and reduce the value of T c . Because the rheological properties of "fluid" and "glassy" States are quite different, i.e., 
the "fluid" State exhibits much less viscosity as the temperaturę rises above the glass transition point, it is not surprising that a 
number of important bulk properties dependent on the rheology of the solid are affected by moisture content. Because amor¬ 
phous soiids are metastabJe relative to the crystailine form of the materiał, with small-molecular-mass materials, it is possible 
for absorbed moisture to initiate reversion of the solid to the crystalline form, particularly if the solid is transformed by the 
sorbed water to a "fluid" State. This is the basis of "cake collapse" often observed during the lyophilization process. An addi- 
tional phenomenon noted specifically with water-soluble soiids is their tendency to deliquesce, i.e., to dissolve in their own 
sorbed water, at relative humidities, RN,, in excess of the rdative humidity of a saturated solution of the solid, RH 0 . Deligues- 
cence a rises because of the high water solubility of the solid and the significant effect it has on the cofligative properties of 
water. It is a dynamie process that contmues to occur as long as RHj is greater than RH 0 . 

The key to understanding the effects water can have on the properties of soiids, and vice versa, rests with an understanding 
of the location of the water moiecule and its physical State. Morę specifically, water associated with soiids can exist in a state 
that is directly bound to the solid, as well as in a state of mobllity approaching that of bulk water. This difference in mobility 
has been observed through such measurements as heat of sorption, freezing point, nuclear magnette resonance, dielectric 
properties, and diffusion. 

Such changes rn mobility have been interpreted as arising because of changes rn the thermodynamic state of water as morę 
and morę water is sorbed. Thus, water bound directly to a solid is often thought as unavailable to affect the properties of the 
solid, whereas larger amounts of sorbed water may become morę clustered and form water morę like that exhibiting solvent 
properties. In the case of crystal hydrates, the combination of in ter molecular forces (hydrogen bonding) and crystal packing 
can produce very strong water-solid interactions. Retognizing that the presence of water in an amorphous solid can affect the 
glass transition temperaturę and hence the physical State of the solid, at Iow Ievels of water, most polar amorphous soiids are 
in a highly viscous glassy state because of their high values of T c . Hence, water is "frozen" into the solid structure and is ren¬ 
dered im mobile by the high viscosity, e.g,, 10 n Pa -s. As the amount of water sorbed inereases and T c decreases, approaching 
ambient temperatures, the glassy state approaches that of a "fluid" state and water mobility along with the mobility of the 
solid itself inereases significantly. At high RH, the degree of water plasticization of the solid can be sufficiently high so that 
water and the solid can now aehieve significant amounts of mobility. In generał, therefore, this picture of the naturę of sorbed 
water helps to explain the rather significant effect moisture can have on a number of bulk properties of soiids such as Chemical 
reactivity and mechamcal deformation. It suggests strongly that methods of evaluating Chemical and physical stability of soiids 
and solid dosage forms take into account the effects water can have on the solid when it ts sorbed, particularly when it enters 
the solid structure and acts as a plasticizer. 


Rates of Water Uptake 

The ratę and extent to which soiids exposed to the atrrraphere might either sorb or desorb water vapor can be a critical 
factor in the handling of soiids. Even the simple acf of weighing out samples of solid on an analytical balance and the expo- 
sure, therefore, of a thin layer of powder to the atmosphere for a few minutes can lead to significant error in, for example, the 
estimation of loss on drying values. It is well established thai water-soluble sofids exposed to relative humidities above that 
exhibited by a saturated solution of that solid will spontaneously dissolve via deliguescence and continue to dissolve over a 
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long time period. The ratę of water uptake in generał depends on a number of parameters not found to be critical in equiltbri- 
um measurements because rates of sorption are prtmariiy mass-transfer controlled with some contributions from heat-transfer 
mechanisms, Thus, factors such as vapor diffusion coefficfents in air and in the solid, eonveetive airflow, and the surface area 
and geometry of the solid bed and surrounding environment, can play an important role, Indeed, the method used to make 
measurements can often be the rate-determinmg factor because of these enwonmentał and geometrie factors. 

DETERMINATION OF SORPTION-DESORPTION 
ISOTHERMS 

Principle 

The tendency to take up water vapor is bestassessed by measunng sorption or desorption as a function of relative humidity, 
at constant temperaturę, and under conditions where sorption or desorption is essentially occurring independently of time, 
i.e„ equilibrium. Relative humidity, RH, is defined by the following equation: 

RH = (P c x 10O)/P o 

P c = pressure of water vapor in the system 

P 0 “ saturation pressure of water vapor under the same conditions 

The ratio P c /P 0 is referred to as the re!ative pressure. Sorption or water uptake Is best assessed starting with dried samples 
and subjecting them to a known relative humidity. Desorption is studied by beginntng with a system already containing sor* 
bed water and reducing the relative humidity. As the na me indicates, the sorption-desorption isotherm is valid only for the 
reference temperaturę, hence a special isotherm exists foreach temperaturę. Ordinarily, at equilibrium, moisture content at a 
particular relative humidity must be Ehe same, whether determined from sorption or desorption measurements. However, it is 
common to see sorption-desorption hysteresis. 

Methods 

Samples may be stored in cham bers at various relative humidittes. The mass gained or fost for each sample is then meas- 
ured. The major advantage of this method is convenience, while the major disadvantages are the slow ratę of reaching con¬ 
stant mass, partlcularly at high relative humidities, and the error introduced in opening and closing the chamber for weighlng. 
Dynamie grawimetrie water sorption systems allow the on-line weighing of a sample in a controlled system to assess the mter- 
action of the materiał with moisture at various programrmble levels of relative humidity at a constant temperaturo. The major 
benefit of a controlled system is that isothermal conditions can be morę reliably established and that the dynamie response of 
the sample tochangrng conditions can be monitored (see Figurę 1 }. 


A B 



A. Humidity controller D. Humidity regulated module G. Vapour humidrfier 

8. Temperaturę controlled E. Reference H. Flow control module 

chamber 

C. Balance module F. Sample l Dry ges 

Figurę 1. Exampfe of an apparatus for the determination of the water sorption (other destgns are possible). 
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Data points for the determinalion of the sorption isotherm (e.g., from 0% to approximately 95% RH, noncondensing) are only 
taken after a suffidentfy eon sta nt signal indicates that the sample has reached eąuilibrium at a given levd of humidity. In some 
cases (e.g., deliquescence), the maximum time may be restricted although the eguifibrium level is not reached. The apparatus 
must adequately control the temperaturę to ensure a good baseline stability as weH as accurate control of the relatjve humidity 
generation, The required relative humidities can be generated, e.g,, by accurately mixlng dry and saturated vapor gas with 
flow controllers* The electrostatic behavior of the powder must also be considered* The verif kation of the temperaturę and the 
reladve humidity (controlled with, for example, a certified hygrometer, certified salt Solutions, or delfquescence points of certi- 
fied salts over an adequate rangę) must be conststent with the instrument specification. The balance must prawdę a sufficient 
mass resolution and long-term stability. 

ft is also possible to measure amounts of water uptake not detectable gravimetrically using volumetric techniques, In the 
case of adsorption, to tmprove sensitivity, the specific surface area of the sample can be inereased by reducing particie size or 
by using łarger samples to inerease the total area. It ts important, however, that such comminution of the solid does not alter 
the surface structure of the solid or render it morę amorphous or otherwise less ordered in crystaflmity. For absorption, where 
water uptake is independent of specific surface area, only inereasing sample size will help. Inereasing sample size, however, will 
inerease the time to establish some type of eguilibrium. To establish accurate values, it is important to get desolvation of the 
sample as thoroughly as possible. Htgher temperatures and lower pressures (vacuum) fadlitate tliis process; however, eare 
must be taken to notę any adver$e effects this might have on the solid such as dehydration, Chemical degradation, or sublima- 
tion, Using higher temperatures to induce desorption, as in a thermogravimetric apparatus, likewise must be carefully carried 
out because of these possible pitfalls. 

Report and Interpretation of the Data 

Sorption data are usually reported as a graph of the apparent mass change in percent of the mass of the dry sample as a 
function of relative humidity or time* Sorption isotherms are reported both tn tabular form and as a graph. The measurement 
method must be traceable with the data* 

Adsorption-desorption hysteresis can be interpreted, for example, in terms of the porosity of the sample, its State of agglom- 
eration (capillary condensation), the formation of hydrates, polymorphic change, or Uquefying of the sample* Certain types of 
systems, particularly those with microporaus solids and amorphous solids, are capable of sorbing large amounts of water va- 
por Herą the amount of water associated with the solid as relative humidity is decreased, is greater than the amount that 
originally sorbed as the relative humidity was inereased* For mkroporous solids, vapor adsorption-desorption hysteresis is an 
eguilibrium phenomenon associated with the process of capillary condensation. This takes place because of the high degree of 
irregular curvature of the micropores and the fact that they w fiir (adsorption) and "empty" (desorption) under different equili- 
brium eonditions. For nonporous solids capable of absorbing water, hysteresis occurs because of a change in the degree of 
\rapor-$olid interaction due to a change in the equiiibhum State of the solid, e.g*, conformation of polymer chains, or because 
the Ume scalę for structural equilibnum is longer than the limę scalę for water desorption. In measuring sorption-desorption 
isotherms, it is therefore important to establish that something close to an equilibnum State Has been reached. Particularly with 
hydrophilic pojymers at high reiative humidities, the establishment of water sorption or desorption values independent of time 
is quite difficult, because one is usually dealing with a polymer plasticized into its "fluid" State, where the solid is undergoing 
significant change. 

In the case of crystal hydra te formation, the plot of water uptake versus pressure or relative humidity will In these cases ex- 
hibit a sharp inerease in uptake at a particular pressure and the amount of water taken up will usually exhibit a stoichiometric 
moleimole ratio of water to solid. In some cases, however, crystal hydrates will not appear to undergo a phase change or the 
anhydrous form will appear amorphous. Consequently, water sorption or desorption may appear morę Mke thatseen with ad¬ 
sorption processes. X-ray crystal lographk analysis and thermal analysis are particularly useful for the study of such systems. 

For situations where water vapor adsorption occurs predominantly, it is very helpful to measure the specific surface area of 
the solid by an independent method and to express adsorption as mass of water sorbed per unit area of solid surface. This can 
be very useful in assessing the possible importance of water sorption in affecting solid properties. For example, 0.5% m/m 
uptake of water could hardiy cover the bare surface of 100 m 2 /g, while for 1.0 mVg this amounts to 100 times morę surface 
eoverage. In the case of pharmaceutical solids that have a specific surface area in the rangę of 0.01 mVg to 10 m z /g, what 
appears to be Iow water content could represent a significant amount of water for the avai!abfe surface, Because the "dry sur¬ 
face area" is not a factor in absorption, sorption of water with amorphous or partlally amorphous solids can be expressed on 
the basis of unit mass corrected for crystal!inity, when the crystal form does not sorb significant amounts of water relatlve to 
the amorphous regions. 


DETERMINATION OF THE WATER ACIWITY 

Principle 

Water activity, A w , is the ratio of vapor pressure of water in the product (P) to saturation pressure of water vapor (P 0 ) at the 
same temperaturę. It is numerically equal to 1/100 of the relalive humidity (RH) generatecl by the product in a closed system. 
RH can be calculated from dlrect measurements of partiai vapor pressure or dew point, or from Indirect measurement by sen- 
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sors whose phystcal or ełectric dwacteristics are altered by the RH to which they are exposed. Ignoring activfty coeffldents, 
the relationship between A w and eguilibrium relative hum dity (ERH) are represented by the following eguations: 

A* = P/P 0 

ERH(%)^A w x 100 


Method 

The water acdvity is determined by pladng the sample in a smali airtlght cup inside which the eguilibrium between the wa- 
ter In the solid and the headspace can be established. The voiume ot the headspace must be smali in relation to the sample 
volume In order not to change the sorption State of the sample during the test. The eguilibration as a themnodynamic process 
takes time but may be acceierated by forced circulation withrn the celi. The acquired water act?vity value is only vafid for the 
srmultaneously determined temperaturę. This requires a precise temperature-measuring device as part of the equipment. Fur- 
thermore, the probe must be thermalSy insulated to guarantee a constant temperaturę during the test, The sensor measunng 
the humidity of the headspace air above the sample is a key component Theoretically, atl types of hygrometers can be used, 
but for analytical purposes miniaturization and robustness are a precondition. The A w measurement may be conducted using 
the dew point/chilled mirror method. 1 A polished, chilled mirror is used as a condensing surface. The cooling system is elec- 
tronicafly linked to a photoelectric celi into which light is reflected from the condensing mirror. An air stream, in equi!ibrtum 
with the test sample, is directed at the mirror which coois until condensation occurs on the mirror. The temperaturę at which 
this condensation begins is the dew point from which the ERH is determined. Commercially avaiłable Instruments using the 
dew point/chilled mirror method or other technologies need to be evaluated for suitability, validated, and calibrated when 
used to make water activity determinations. 

These Instruments are typically calibrated overan adequate rangę, for example, using some saturated salt Solutions at 25® 
such as those listed in Tobie J. 


Table 1. Standard Saturated Salt Solutions 


Saturated Salt 

Solutions at 25° 

ERH 

<%) 

Aw 

Potassium sulfate (KjSO, t ) 

97.3 

0.973 

Barium chlor i de (BaCiy 

90.2 

0.902 

Sodium chlor i de (NaCI) 

753 

0.753 

Magnesium nitrate 

52.9 

0.529 

Magnesium chlohde (MtjCy 

32.8 

0.328 

Lithium chloride (LiCh) 

11,2 

0.112 
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INTRODUCTION 

Weighing is a freguent step in analytical procedures, and the balance is an essentiai piece of laboratory eguipment. The gen¬ 
erał Information described here applies directly to eleetroric balances used in analytical procedures. Although many portions 
of the chapter are applicable to alt balances, some are applicable only to analytical balances. This chapter should not be con- 
sidered alMndusfre, and other sources of information (e.g., the US National Institute of Science and Technology and balance 
manufacturers) may be useful and applicable when analysts perform a weighing operation or rmplement a weighing proce¬ 
durę. The information given in this chapter is applicable not only to balances used for mateiials that must be accurately weigh- 
ed (see Balances (41)) but afso to balances used in alf analytical procedures. 

QUALIFICATION 

Users should consult Analytical Instrument Qualifkation (1058), standard operating procedures, and recommendations from 
manufacturers when they devise gualification plans. 


1 AGAC [nternallonąl Officrai Method 978,18. 
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Installation 

The ba!ance’s performance depends on the conditions of the fadlity where it h installed. Analysts should consult information 
provicied by the manufacturer before they install a balance, 

SUPPORT SURFACE 

The balance should be installed on a solid, fevef, non magnetic surface that mmimizes the transmission of vibration (e.g., a 
floor-mounted, granite weigh bench), If a metallic support surface is used, the surface should be grounded in order to prevent 
the buildup of static electridty. 


LOCATION 

If possible, the balance should be located in a room that is temperaturę and humidity controlled, The location should have a 
dean, consfstent etectrical power supply, The location should be free of drafts and should not be near oveny furnacey air eon- 
dltioner clucts, or coofing fans from equipment or computers, The balance should be positioned away from outside Windows 
so that direct sunlight does not strike the balance. The balance should not be installed near sources of electromagnetic radia- 
tion such as radio-frequency generatory electric motory or hand-held communication devices (including cordless telephoney 
cellular telephones, and walkie-talkies). The balance should not be located near magnetic fields induced by laboratory instru- 
mentation or other equipment, 

The performance of the balance should be assessed following installation and before use in order to demonstrate adequate 
performance. In some situationy it may not be possible to position the balance in an optimum environment. Examples of po- 
tential faciifty issues include the following: 

1. Air currents sometimes are present in the laboratory, 

2. Temperatures in the laboratory vary excessively (check the manufacturer's literaturę about temperaturę sensitivity), 

3. Humidity is either very Iow or very high. Either condition may Increase the ratę at which the sampfe weight varies because 
of pickup or loss of water. Low humidity inereases the buildup of static electridty. 

4. Adjacent operations are causing vibration. 

5. Corrosive materials are used nearby or are routinely weighed, 

6. The balance is located within a fume hood because it is used to weigh corrosive or hazardous materials, 

7. The balance is adjacent to equipment that produces a magnetic field (e.g,, a magnetic stirrer). 

8. Direct sunlight strikes the balance, 

In situations when the balance is located nearequipment or systems that induce vibratron, drafts, electromagnetic radiation, 
magnetic fields, or changes in temperaturę or humidity, the assessment should be conducted with those systems operating in 
order to dup! i ca te a worst-case scena ri o. 


Operational Qualification 

An operational qualification should be performed either by the user or by a qualified third-party vendor after the equipment 
has been installed. 

As a minimum, the power should be turned on and the balance should be allowed to equi libra te according to the manufac- 
turefs instructions (1-24 h, depending on the type of balance) before use. Depending on the balance, analysts should indude 
the following procedures in the operational gualification: 

1, Mechanical mobility of afl moveable parts 

2, Control of stable indication 

3, Manually triggered or automatic adjustment by means of built-in weights 

4, Operation of ancillaiy eguipment 

5, Tarę function 

6, Initial calibration 

5everal types of electronic analytical balances use built-in weights for manually triggered or automatic adjustment. This ad¬ 
justment usualiy is apptied to reduce the drift of the balance over time and to compensate for drlfts caused by variations in the 
ambient temperaturę. 

Calibration normally is performed as part of the operational gualification, but it also can be performed periodicalfy there- 
after, Calibration should be performed at the location where the balance is used in normaI operation. 

Performance Qualifkation 

Tobie 1 pmvides a list of the most important balance properties that should be assessed during performance qualification. 
Depending on the risk of the application and the reguired weighing process tolerance, some of these tests may be omitted, 
Tests also can be omitted if there is evidence that the property in guestion has only minlmal effect on the weighing perform- 
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ance. Any procedures used should be consistent with in-house standard operaling procedures, applicable for the specific bal¬ 
ance, and adequately justified. Performance qualification should be performed penodically as described in standard operatrng 
procedures, and thefrequency of each of the individual tests can vary depending on the cnticality of the property, 

The weights that are used to perform the tests should be stored and handled in a manner that mmimfzes contamination. 
Before executing the tests, the technician should place the weights In the vteinity of the balance for an appropriate time to 
reach sufficlent thermal equilibrium. If possible, tests should be carried out with a single test weight in order to minimize han- 
dling errors, but multiple test weights are permitted. 

The tests should be recorded in such a manner that the data can be used to easily track balance performance and to assist in 
laboratory investigations as needed. Meaningful acceptance criteria can be set depending on the required weighing tolerance, 
Le v the maximum allowed deviation permitted by spedficafcions, regulations, etc,, of a guantity to be weighed from its target 
vałue. Procedures should be in place to address test resulU that are outside acceptable ranges and to provide assurance that 
balance cleanliness and environment have not affected the result, Also, a procedurę should be in place for removing a balance 
from operatron when observed resuks fali outside acceptable ranges. 


Table 1. Suggested Performance Tests and Acceptance Criteria 


Property 

Definlliofi 

Examples 

Acceptance Criteria 

SensitJvity 

Change in the displayed value divided by 
theload on the balance, which causes 
this change. 

The test load at or sufficiently ciose to the 
capacity of the balance. 

NMT 0,05% deyiation from 1 (the sensf- 
liylty of a correctly adjusted balance), 
where (41) is applicable* For other uses, 
respective tolerance reguirement diyided 
by 2. 

Linearity 

Abillty of a bałance to fol Iow the linear re- 
lationship between a load and the indi- 
cated weighing value. Nonfmearity um¬ 
aiły is expressed as the largest magni- 
tude of any linearity deyiation within the 
test interyal. 

From 3 to 6 points over the rangę of the 
ba lance. 

NMT 0.05% deviation where <41) is appli* 
eable. For other uses, respective toler¬ 
ance reguirement dtyided by 2. 

Eccentricity 

Deyiation in the measurement value 
caused by eccentric loading—rn other 
words, the asymmetrieaJ place me nt of 
the center of gra u i ty of the load relative 
to the load receiver. Eccentricity usually 
is expressed as the largest magnitude of 
any of the deviations between an off- 
center reading and the center reading 
for a given test load. 

Performed in the center of grayity and the 
four quadrants (for rectangular platter 
shapes) or at analogous locatlons for 
other platter shapes. Test load usually 
should be 30% of the capacity of the 
ba ance or higher (refer to the manufac- 
tureris manuał for any possible upper 
limit}. 

NMT 0.05% deyiation where (A 1) is appli¬ 
cable. For other uses, respectiye toler¬ 
ance requirement divided by 2, 

Repeatability 

Abllity of a weighing instrument to dis¬ 
play rdentical measurement values for re- 
peated weighings of the same objects 
under the same conditions, e.g., the 
same measurement procedurę, same op¬ 
erator, same measuring system, same 
operating conditions, and same location 
over a short period of time. Repeatability 
usually is expressed as the standard devi- 
ation of multiple weighings. 

10 replicate weighings (using a test 
weight that is a few percent of the nomi¬ 
nał capacity of the balance). 

Reguirement from {41} where applicable. 
For other uses, user specified reguire- 
ments will apply. 


Sensitivity, linearity, and eccentricity all account for systematic deviations; Le., they limit the accuracy of the balance (based 
on the defrnition of accuracy rn Volidation of Compendial Procedures <1225) and ICH Q2). In the International Vocabulary of 
Metrology (VIM) and documents of the International Organization for Standardization, this concept ts referred to as trueness. 
Because deviations are largely independent from each other, it is not likely that all deviations occur simultaneously and have 
the same algebraic sign. Therefore the arithmetic addition of all individual deviations to assess the balance accuracy would 
constitute a rather conservative approath. A guadratic addition of the indWidual deviations is a morę realistic approach. By 
allocating 50% of the weighing tolerance budget to the acceptance criteria of the individual properties, e.g., sensitivity, lineari- 
ty, and eccentricity, analysts ensure adherence to the regiiired weighing tolerance. Therefore, the acceptance criteria for the 
individual properties that account for the systematic deviations are set to weighing tolerance divided by 2. These properties— 
or a subset of them—also can be taken to fuffill the accuracy reguirement described in (41). In this case the acceptance criteria 
thus allow a maximum devśation of 0.05% for sensitivify, linearity, and eccentricity. Repeatability preferably is tested with a 
test weight of a few percent of the balance capacity. At the lower end of its measurement rangę, the performance of labora to¬ 
ry balances is limited by the finite repeatability, and limitations mduced by systematic deviations normally can be neglected. 
Therefore, the whofe weighing tolerance budget can be a located to the acceptance criterion of the repeatability test. 

For the sensitivity and linearity tests as described above, the analyst should use certrfied weights with an appropriate weight 
dass (e,g., according to International Organization of Legał Metrology R111 or American Sodety for Testing and Materials 
Eól 7, avai labie from www.Qiml.org and www.astm.org, respectively), [Notę— If a differential method is used for the linearity 
test, certified weights may not be reguired.] 











USP 40 


General Information / (1251) Weighing on an Analytical Balance 1973 


Depending on the acceptance critenon, it may be suffident to consider only the nominał weight value of the test weights, If 
the nominał value of the test weight i$ considered, analysts should ensure that the maximum permlsstble error does not ex- 
ceed one-third of the acceptance critenon. Alternatively, if the certified value of the test weight is considered, its calibration 
uncertainty should not exceed one-third of the acceptance critenon. If morę than one weight is used to perform the test, the 
calibration uncertaintles of the weights must be summed and the sum should not exceed one-third of the acceptance crlteri- 
on. For tests such as eccentricity or repeatability, the use of certified weights is optional, but analysts must ensure thaf the 
mass of the weight does not change during the test. 

The tests described above also can be included in forma I periodie calibration in order to fulfill appDcable cCMP reguire- 
ments. 


Balance Checks 


A balance check using an external weight helps ensure that the balance meets weighing tolerance requirements* The bal¬ 
ance check is performed at appropriate intervals based on applicable standard operating procedures, The frequency of the bal¬ 
ance check depends on the risk of the application and the reguired weighing tolerance. Checks with external weights can be 
replaced partially using automatic or manually triggered adjustment by means of built-in weights. When analysts perform the 
balance check with an external weight, the same acceptance criterla may apply as described in the sen$itivity test above. 


Minimum Weight 

The minimum net sample weight, in short, minimum weight, m mrv of an analytical balance can be expressed by the equa- 
tion: 

m min = k x s/required weighing tolerance 

where k is the coverage factor (usually 2 or larger) and s is the standard deviation (in a mass unit, e.g*, in mg) of NLT 10 
replicate measurements of a test weight, If the standard deviation obtained is less than 0.41 d, where d is the scalę interval, the 
standard dewation is replaced by 0.4] d. The lower limit of 0,41 d for the standard deviatlon results from the rounding error of 
the dćgital indication of a weighing instrument. The rounding error that is allocated to a single reading is calculated as 0.29 ri 
Notę that a weighing always consists of two readings, one before and one after płacing/removing the sample on/from the 
pan, with the difference between the two indications being the net sample weight. The two individual rounding errors are 
usually added ąuadratically, leading to 0,41 d. Taring the instrument after placing the tarę Container on the pan does not affect 
the rounding error as the 2ero indication is also rounded. The minimum weight descrrbes the lower limit of the balance below 
which the required weighing tolerance is not adhered to. The eguation above takes Into account that the performance of ana- 
lytical balances at the lower end of the measurement rangę is limited by the finite repeatability. 

For materials that must be accurately weighed, (41) stipulates that repeatability is satisfactory if two times the standard devt- 
atlon of the weighed va3ue, divided by the desired smailest net weight (smaflest net weight that the users plan to use on that 
balance), does not exceed 0,10%. For this critenon the eguation above simplifies to: 



= 2000 x s 


If the standard deviation obtained is less than 0.414 where dis the scalę intervai, the standard deviation Is replaced by 
0.41 d 

If not subject to the reguirements of <41), the minimum weight value may vary depending on the required weighing toler- 
ance and the specific use of the balance. 

To faciiitate handling, the test weight that ts used for the repeatability test does not need to be at the minimum weight 
value but can be larger because the standard deviatron of repeatability is only a weak function of the test weight value. 

In order to satisfy the required weighing tolerance, when samples are weighed the amount of sample mass (Le*, the net 
weight) must be equal to or larger than the minimum weight, The minimum weight applies to the sample weight, not to the 
tarę or gross weight 

Factors that can influence repeatability while the balance s in use include: 

1. The performance of the balance and thus the minimum weight can vary over time because of changing environmental 
conditions. 

2. Different operators may weigh differently on the balance—i.e„ the minimum weight determined by different operators 
may be different. 

3. The standard deviation of a finite numberof replicate weighings is only an estimation of the true standard deviation f 
which is unknown. 

4. The determination of the minimum weight with a test weight may not be completely representative for the weighing ap- 
plrcation. 

5. The tarę vesse! also may influence minimum weight because of the interaction of the environment with the surface of the 
tarę ve$sel. 
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For these reasons, when posstble, werghings should be madę at larger values than the minimum weight, Le., the desired smali* 
est net weight that the users plan to use on that balance should be larger than the minimum weight, 

O PER ATI ON OF THE ANALYTICAL BALANCE 

Select the appropriate balance for the quantity and performance needed. General chapter (41) provides requirements for 
balances used for materials that must be accurately weighed. The balance user should check the balance enviranment {vibra- 
tion, air currents, and cleanliness) and status of calibration before use, 

Receivers 

To ensure surtable performance in measuring the weight of a specimen, analysts should consider selectron of a proper re- 
ceiver for the materiał. 

GENERAL CHARACTERISTICS 

Ali receivers must be dean, dry, and Inert, The total weight of the receiver plus the spedmen must not exceed the maxi- 
mum tapacity of the balance. With a propedy maintamed and adjusted laboratory balance, weighing uncertainty for smali 
samples, i.e., net weights with a mass not exceeding typically a few pert en t of the capacity of the balance, essentlaily is deter- 
mined by the repeatability. However, repeatability depends on the size and surf ace area of the weighed object For this reason 
large or heavy receivers introduce a deviation from the conditions under which the repeatability was determined without eon* 
sidering the receivers. Therefore, either receivers of a Iow mass and smali surf ace should be used (especially in cases when 
specimens of Iow weight are being measured) or the repeatability test should be performed with the receiver placed on the 
weighing pan as a preload. Receivers should be constructed from nonmagnetic materials in order to prevent magnetic interier* 
ence with electronic balance components. Receivers should be used at ambient temperaturę in order to prevent the formation 
of air currents within the weighing chamber. 

SOLID SAM PIES 

Receivers for weighing solid materials include weighing paper, weighing dishes, weighing funnels, or enciosed vessels, in* 
cluding bottles, vials, and flasks. Hygroscopic papers are not recommended for weighing because they may have a detrimental 
effect on the observed nesufts, 

Weighing dishes typically are constructed from a poły mer or from aluminum. Antistatic weighing dishes are available for 
measuring materials that retain static electricity. Weighing funnels typically are constructed from glass or from a poły mer* The 
design of this type of receiver combines attributes of a weighing dish and a transfer funnel, which can simplify the analytical 
transfer of a weighed powder to a narrow-necked vessel such as a volumetnc fiask. For solid samples that are volatile or deli- 
quescent, analysts must welgh the materiał into an enciosed vessel Where practical, analysts should use an enciosed vessel 
with a smali opening in order to reduce sample weight loss from volatilization or weight gain from the adsorption and absorp- 
tion of atmospheric water. 


LIQUID SAMPLES 

Receivers for liguid samples typically are inert, enciosed vessels. For liquid samples that are volattle or deliąuescent, analysts 
should use an enciosed vessel with a smali opening, and the enclosure should be repiaced rapidfy following materiał transfer. 
Special precautions should be taken to be certain that the receiver and the enclosure are constructed from a materiał that is 
compatible with the liquid sample. The receiver and enclosure must have a seal that is sufficient to prevent leaks from a Jiquid 
that is of Iow wscosity or has Iow surface tension or a Iow boi ling point. 

Types of Weighing 

WEIGHING FOR QUANTITATIVE ANALYSIS 

The initial step for many quantitative analyses is to accurately weigh a specified amount of a sample. General Notices and 
Requirements, 6.50.20 stipulates that Solutions for quantitatrve measures must be prepared usrng accurately weighed anaJytes: 
Le,, analysts must use a balance that meets the critena in (41). Errors introduced during the weighing of a sample can affect 
the accuracy of a II subseguent analytical measurements. 
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AODITION WEIGHING 

Addition weighings typically are used for solid samples or ltquid samples for which volatility is not an issue. The reteiver is 
piaced on the balance- After the balance display stabilizes, the analyst should tarę fche balance; add the desired amount of ma¬ 
teriał to the receiver; a [Iow the balance display to stabilize; record the weight; and quantitatively transfer the materiał to an 
appropriate vessel or, if it cannot be guaranteed that the entire amount has been transferred, weigh the receiver again and 
notę the weight difference. 


DISPENSE WEIGHING 

Dispense weighing typically is used for weighing emulsions or viscous liquids such as ointments. in these situations it is not 
practical to weigh the materiał into a typical receiver Accordingly, the analyst should tarę the balance; place the sample on 
the balance in a suitable Container (e.g,, a bottle, tubę, transfer pipet, or syringe) that has been wiped clean on the outside; 
record the weight after the balance display stabilizes; transfer the desired amount of sample to an appropriate receMng vessel, 
such as a votumetric fiask; and place the pipet or syringe back on to the balance, The difference in the two weighings is equal 
to the weight of the transferred specimen. 


GRAVIMETRJC DOSING 

Cravimetric dosing typically is used for sample and standard preparations or capsule filling. For such weighing the analyst 
places the volumetric fiask, vial, or capsule shell on the balance; tares the balance after the balance display stabilizes; adds the 
solid or łiquid components into the receiver by means of dosing units; and records the respective weights. 

Problem Samples 

ELECTR1CALLY CHARGED SAMPLES AND RECEiVERS 

Dry, finely divided powders may be charged with static electricity that can make the powder either attracted to or repelled 
by the receiver or the balance, causing inaccurate weight measurements and specimen loss during transfer. A drift in the bal¬ 
ance readings should alert the operator to the possibility that the materiał has a static charge, Commercially available balances 
with a built-m antistatic devke can be used to remedy the problem, Such devices may use piezoelectric components or a very 
smali amount of a radioactive element (typically poionium) to generale a stream of ions that dissipate the static charge when 
passed over the powder being weighed, Antistatic weigh boats, antistatic guns, and antistatic screens also are commerdally 
available* The static charge depends also on the relative humidity of the laboratory, which in turn depends on atmospheric 
conditions. Under certain conditions, static charge is caused by the type of dothing worn by the operator and this charge can 
cause large errors in the weighing, Borosilicate glassware and plasttc receivers have a well-known propensity for picking up 
static charge, especialfy at Iow relative humidity. The gloves used to protect the operator also may increase the potential for a 
static charge problem. Placing the Container In a metal holder may heip to shield the static charge, and antistatic gloves also 
can help to a!leviate the problem. 


VOLATlLE SAMPLES 

When weighing a Mquid that has a Iow boiling point, analysts must receive the specimen in a vessel with a gas-tight enclo- 
sure of smali diameter. The analyst then tares the vesseł and enclosure, adds the desired amount of sample, and replaces the 
enclosure. After the balance display stabilizes, the analyst records the specimen weight. 

WARM OR COOL SAMPLES 

Samples that are warm or tool should be eguitibrated in the laboratory, or the weight readings may be erroneous. With 
regard to warm samples, the apparent weight is smaller then the true weight because of heat convection. For example, a fiask 
that is warmer than ambient air warrns up thts air, which then flows upward aiong the fiask and reduces the apparent weight 
of the contents by viscous friction. 


HYGROSCOPIC SAMPLES 

Hygroscopic materia Is readily absorb moisture from the atmosphere and steadily gain weight if left exposed. Therefore, hy- 
groscoplc samples must be either weighed promptly or placed in a vesseł with a gas-tight enclosure. For a gas-t*ght vessel, 
analysts should tarę the vessel and enclosure, add the desired amount of sample, and replace the enclosure. After the balance 
display stabilizes, the analyst can record the specimen weight. 
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A5EPT1C OR B OHAZARDOUS 5AMPLES 

The weighing of sterile or biobazardous samples should take place within the confines of a clean bench, biosafety cabinet, 
isolator, or similar containment device. Air flow within the hood potentially can cause balance rnstability, so after a balance has 
been installed under a hood, analysts should perform a ngorous gualification study with suitable weight artifacts (see <41)) in 
order to determine the aeceptabillty of the balance performance in this environmenL 

WEIGHING CORROSIVE MATERIALS 

Many Chemicals, soch as salts, are corrosive, and materials of this naturę should not be spilled on the balance pan or instde 
the balance houstng* Ex£ra care is essential when materials of this naturę are weighed. Analysts should consider the use of 
sealed containers such as weighing botties or syringes. In the event of a spili, requalification of balance may be necessary, de- 
pending on the naturę of the spili. 


Safety Considerations When Weighing 

During a weighing, the analyst may be exposed to high concentrations of a pure substance. The analyst musi carefully con¬ 
sider this possibility at all times and should be familiar with the precautlons described in the substance's Materiał Safety Data 
Sheet before weighing it. Hazardous materials should be handled in an enclosure that has appropriate air filtration. Many 
toxic—and possibly allergenic—substances presenf as liqutds or frnefy divided partides. When weighing these substances, ana¬ 
lysts shoufd use a mask that covers the nose and mouth to prevent any inhalation of the sufostancą and they should use gloves 
to prevent any contact with the skin, [Notę—T he use of gloves is good practice for handling any Chemical. If it is necessary to 
handle the Container being weighed, the analyst should wear gloves not only for self-protection but also to prevent moisture 
and oils from being deposited on the weighed Container] 


<1265) WRITTEN PRESCRIPTION DRUG INFORMATION—GUIDELINES 


The purpose of these guidelines—comprising format, content, and accessibility of prescription drug leaflets—is to help en- 
sure that leaflets are useful. In this context, "usefuT means that recipients receive, understand, and are motivated to apply 
written Information about their medicines to achieve maximum benefrt and minimize harm* Dispensers, prescribers, health 
care providers who counsel patients about their medicines, and the patients themselves are intended to be the primary benefh 
ciaries for these guidelines. 

CRITERIA 

(FROM THE KEYSTONE ACTION PLAN ) 


Written prescription medrcine Information should be based on the following criteria: 

1. Scientiflcally accurate, 

2. Unbiased in content and tonę, 

3. Sufficiently specific and comprehensive, 

4. Presented in an understandable and legible format that Is readily comprehemible to consumers, 

5. Timely and up-to-date, and 

6. UsefuL 

FORMAT GUIDELINES 

1. Group all Information from the same category, using orief, elear titles and buliets or subheadings as needed. Avoid sym- 
bols and subheadings not directly connected to the information they mark. 

2, Be consistent in the placement and labeling of categohes of information in all leafiets. 

3, Provtde information at the sixth-grade reading level o - below, if posslble (never above eighth-grade level). Do not exclude 
information to achieve a fower reading feveL 

4. Use simple, common, accurate terms (for example, use "noise in the ears", not "tinnitus"). 


T In December 1996, the "Action Plan for the Proylslon of Useful Prescription Medidne Information" was presented to Ehe Secretary of Health and Humań $erv* 
ices. The plan, tommnnly known as the "Keystone Plan," described certain criteria for written prescription medidne information. These criteria are described In 
detali in the action pian, which can be found at wwwTda, go Wcder/offices/ods/key stone.pdf. 
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5. Use direct fanguage that avoids words with opposite meanings (for example, use "decrease bfood pressure", not "in- 
crease Iow blood pressure effect"). 

6. Provide reasons for instructions (for example, "take with food to avoid upset stornach")* 

7. Emphasize the most important Information. Clearly cistinguish warnings from instructions or from other text that may be 
misinterpreted as wamings. 

8. Accompany each pictogram, if used, with corresponding text pfaced dose to the pictogram, Use the simplest pictograms 
possible. For pictograms intended to prompt patients to ask questions or inform health care providers, add text such as 
"Tdl Doctor" or "Ask Pharmacist". 

9. Make text readabfe by using 12-point or larger type, both uppercase and lowercase letters, an easy-to-read font (for ex- 
ample, a serif font), and adequate space between lines and paragtaphs. To cali attention to important information, use a 
larger, boldface type. 

10. Evaluate format by performing tests of readability, comprehension, memory, problem soiving, and behavioral efficacy and 
intention, using representative sam pies of the target population. 

CONTENT CUIDELINES 

1, Provide enough detail to facilitate correct use, achieve maximum benefit, and minimize harrn, induding a statement that 
identifies activities (such as driving or sunbathing) that the patient should avoid. 

2, Write text that is unbiased m content and tonę and scientifically accurate. The uses described should be consistent with 
FDA-approved labeling or otherwise permitted by FDA, or should appear in federally recognized drug compendia. Distin- 
guish unlabeled from labeled use. 

3, For drugs sold under a brand name, provide both brand and generic names, and indude a pronunciation guide for each. 

4, Describe the drug and fts dosage form. Indude indications and contra indications, spedfic direetions for use, what to do if 
a dose is missed, and what to do in the event of an overdose or poisoning. 

5, Do not use abbreviations. 

6, Indicate the intended type of benefit (for exampie, "cure", "prevention", "to help relieve symptoms"), Indicate how—and 
how soon—the patient should recognize the benefit and what to do if nonę is observed. 

7, Give a balanced evaluation of risks and benefits. 

8, Ust side effects, in order of severity, such as "serious", "most common", and other similar type groupings, It may not be 
appropriate to provide sufficient detail for the patient to be able to monitor serious or common side effects, Provide guitl- 
ance to consult the doctor or pharmacist, and Indicate that not all the side effects are listed. 

9, List sufficiently spedfic and comprehenstve Information that indudes the provision of all important risk Information. Pa¬ 
tients should be advised to be surę to inform the provider about all the medicines they are taking. 

10. indicate the potential for therapeutic duplicatron if the drug is available under muitiple names or over-the-counter, or rf 
the active ingredient is contained in other products. 

11. If known, include a statement concerning the safety of use in the presence of other conditions and during pregnancy or 
breast-feeding. Direct affected patients to discuss their condition with health care providers. If the safety of use during 
pregnancy or breast-feeding has not been established, say so. 

12. State whether safety and efficacy have been established in pediatrie, geriatrie, and other spedal populations. Patients 
should be encouraged to discuss with their health care provider any recommendations for dosage adjustmenL 

13. lllustrate Information with dtagrams when appropriate. Label the diagram components (for example, device parts) if they 
are not obvious. The words on the label should be preminentiy placed thereon with such conspicuousness and in such 
terms as to render them likely to be read and understood by the ordmary individual under customary conditions of pur- 
chase and use. 

14. Include the following: 

a. A statement that the product is to be used only by the person for whom it was prescribed, 

b. Storage Information, 

c. A compieteness disdaimer advising the patient to discuss this issue with the health care provider, 

d. The pubfisher of the ieaflet and the datę the feaflet was developed or revised, 

e. Sources of imdepth Information and answers to questions, and 

f. Other relevant generał statements. 

15. The patient should be advised about risks of developing dependence on, or tolerance to, the medication. 

ACCESS! El LITY CUIDELINES 

1. Write text that is relevant to the intended use of the drug, 

2. Design the leaflets to be easy to recognize, consistent in format, and easy to storę and retrieve, 

3. Supplement the leaflets with orał counseling of patients, induding chifdren, the elderly, and caregivers, 

4. Indude a statement asking the patient to reread the Ieaflet. 

5. Distribute the leaflets with all prescription medicines to consumers (namely, persons independently responsible for any 
aspect of medicine use or for giving medicines to others). 
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6. Produce leaflets in Spanish, English, or other languages; and establish criteria for producing them in other languages and 
for special populations (for exampie, children, visually handicapped) [Notę—I deally, prescription dróg Information leaflets 
would be customized for the patienfs condition and for other relevant Information (for examp!e, gender, age, or physical 
limitations), and would be avaiiable in the patient's prtmary language. Currently, such customization is neitherfeasible 
nor practical, but it remains a goa!*] 


<1285) PREPARATION OF BIOLOGICAL SPECIMENS FOR HISTOLOGIC 
AND IMMUNOHISTOCHEMICAL ANALYSIS 


INTRODUCTION 

Histology and immunohistochemistry (IHC) are commonfy used to visualize the cellular and biochemtcal constftuents of tis- 
sues. Whether the attribules to be probed are detected based on Chemical reaotivities (histochemistry) or are detected using 
antibodies (IHC) or lectins with known specificities, the preparation of the specimen for staining is a critical phase of the analy- 
sis. Preparation typically involves (1) tissue fixation, (2) mountlng the tissue in an embedding medium to permit sectioning 
that is sufficiently thin for the tissue to be yiewed mieroscopically, and then (3) removal of any embedding medium before 
histochemical or IHC evaluation. 

The purpose of this chapter is to identify factors that shouid be controlled to optimize the consistency of tissue staining re- 
sults. The followmg sections address tissue fixation used te prevent degradation and to prepare the tissue for sectioning and 
staining* Since these methods are often used to characterize tissue-based therapeutic products and the adequacy of their proc- 
ess methods, USP sometimes includes visual tools to support those product monographs. USP Authentic Visual References 
(AVRs) are often histology images that have been prepared as described in this chapter and are used as reference standards 
assodated with product monographs, The purpose of histologic anaiysis is to generate vl$uai images that can be used either 
for illustration or as a visual reference* When used as AVRs, the image set shouid indude representative images of both failed 
and passing samples at different magnifications. AVRs can be used to better clarify specifications and acceptance criteria rela- 
ted to, for example, celi eon tent, collagen structure, or integrity. 

BASIC PRINCIPLES 

The sample tissue must be properly and adequately treated or fixed to limit changes to the extracel!ular matnx elements or 
to specific constituents such as cells or proteins. Tissue fixation typically employs a Chemical that can rapidly permeate the tis¬ 
sue to effectively cross-fink proteins and limit degradation caused by either Chemical or enzymatic action, Standard fixation 
methods typically use 10% neutral buffered histological-grade formalin and are adeguate for most, if not all, histochemical 
analyses. Formalin fjxatlon provides materia! suitable for IHC anaiysis provided that proper attention is paid to postfixation 
Lreatments (cotlectively known as antigen retrteval). Once tissue is properly fixed, it can be embedded. 

The tissue is embedded in a medium that is sufficiently stiff to maintain sample geometry and the desired orientation for 
sectioning but is soft enough to be easily and rapidly cut through without distortion. The most common medium used is par¬ 
affin, although it is not suitable for nondecafdfied hard tissues and other stiff materials (e.g., hard polymers or metais). Because 
paraffin is not water solubte, tissue generally is passed threugh a graded series of inereasing concentrations of ethanoi and 
finally into xylene {or a suitable substitute) rn which the paraffin wax is soluble. Sufficient time is allowed for the paraffin to 
permeate the tissue, and then the błock is sectioned to the desired thickness. Hard tissues common ly are embedded in hard 
plastics such as poly{methyl methacrylate). 

After sectioning, the samples are floated on warm water with or without gelatin so they can be transferred to mtcroscope 
slides. If the sections are to be used for IHC, ii is recommended that gelatin not be used In the water because it can contr! bu te 
significantJy to background staining* Positively charged slides also are recommended to aid in sample retention throughout the 
IHC processing regime. The sections are allowed to dry in air, in a slide warmer, or in an oven at no morę than 50°, Because 
most histochemical and IHC procedures are carried out under aqueous conditions, the paraffin within the mounted tissue sec- 
tions must be removed. This is accomplrshed by reversing the xylene and alcohol rinses until the samples are rinsed in water 
immediately before staining. 

The mounted sections are now ready for histochemical staining. If an rmmunologrcal staining method is to be used, in most 
cases an antigen retrieval step wili be necessary to break the protein cross-links formed by formalin fixation. Many procedures 
are available to accomplish this, and although heat treatment in acid vapor appears to be effective in recovering the reactMty 
of most targets in tissues, the ultima te choice may depend on the characteristics of the target to be evaluated. 
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PROCEDURES—POINTS TO CONSIDER 

Fixation 

The most common fixative$ are aldehydes, altohols, and oxtdizing agents. Each has advantages and disadvantages depend- 
ing on the particular purpose (see Table 1). 


Table 1, Attributcs of Common Tissue Fixatives 


Ftxative Na me 

Mechanism 

Advantages 

Disadvantages 

Notes 

Formaidehyde (e.g., 10% 
neutral buffered formalin) 

Cross-tinks protein 

Minimal alteration of protein structure 
and antigenicity; good penetration 

Buffered msion is preferred 
to counteratt oxidation of 
formaldehyde to formie 
acid, which tends to cause 
a brown artifact. 

U n buffered precipitates can 
form, and will be acidic (pH 
3-4.6). 

GlutaraJdehyde (e.g. P 
0.25%-4%) 

Cross-Jinks protein 

Morphology suitabfe for electron mi- 
croscopy 

Deforms ct-helSx structure of 
protein, so not good for 
IHC; slow penetration 

Use with 2-3 pm thick sec- 
tions. Opens structures 
such as blood vessels to im- 
prove access to a 11 tissue 
surfa ces and to prevent op- 
posing surfa ces from bonef- 
ing to each other 

Alcohols (eg,, methanol or 
ethanol) 

Denature proteins 

Best applied to cytologie smears; 
good penetration 

Can cause tissue hardness 
and brittleness, making 
sectioning difficult 


Permanganates, dichra- 
mates, or osmium tetrax- 
ide 

Qxidizing agents 
that cross-link 
proteins 

Fixation of eytoplasm without precipi- 
tation; fixation of lipids, espedaliy 
phospholipids 

Causes substantial de na ty¬ 
ratron; uncommon 


Picrates 

DxidSzing agents 
that cross-link 
proteins 

Good retentron oF nudear structure 
with iimited tissue hardening 

Explosion hazard; causes 
celi shrinkage 



Tissue that rs not appropriately fixed will not embed and section well, and sub5equently will not stain well Adequate fbcation 
time is of primary importance in quality assurance. Fixatives usually are dellvered at a 15:1 to 20:1 ratio of flxative volume to 
tissue mass. Altematively, multiple changes of fixative can be used with agitation. It is important to expose tissues to fixative$ 
for a sufficient time, making surę that the sample does not dry before or during this process. Even smali tissue pieces may 
reguire 12-24 h of exposure time. Tissue handlmg also is important because areas that are physically gripped may not be fixed 
as rapidiy as areas that are not gripped. 

Typical concentrations for some fixatives are shown in Table 1. Notę that if fixation concentrations are too high or rf fixation 
time is too long, structural artifacts can form. The fixation temperaturę can be increased somewhat but not to the extent that 
will cause protein denaturatron. 

Buffers also are important for high-quality frxation. A pH rangę of 6-8 usually is best because It will most likely maintain the 
native tissue structure. Buffering musi be sufficient to overcome acidification caused by hypoxia and to prevent black deposits 
of formalin-heme. 


Tissue Processing 

DEHYDRATION 

Once the tissue is properły fixed, it is ready for dehydration and the embedding process. The most common dehydrants are 
alcohols, but sometlmes acetone is used because it rapidiy fixes the tissue (although it is a fire hazard). Tissues may be physi* 
cally damaged if they are insufficiently dehydrated, often because of water contamination of ethanol wash Solutions. After de¬ 
hydration, the tissue is placed in a clearing agent before embedding. Some common clearing agents are the following: xylene, 
toluene, chloroform, methyl sallcylate, limonene (a vofatile oil found in citrus peels), or some commercial xyfene substitutes, 1 

EMBEDDING 

Depending on the tissue type and subsequent staining p r otoco!, there are several embedding and mounting-media options. 
Paraffin is most commonly used to embed tissues. Its density is similar to that of most tissues, which facilitates sectioning, and 
multiple paraffin types with different melting points and hardness can be evaluated rf tissue sections do not cutsmoothly. If 
very thin sections are needed or if harder tissues (e.g., bonę) will be embedded, plastics are good options (e,g«, methacrylate, 
glycol methacrylate, araldite resin, or epon). Once the mounting medium is selected, the specimen shoufd be carefully altgned 


1 For examp1e, Gear Rite, Pm Par Clearant, 
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and oriented in the medium relative to the desired cutting piane, Tissues that are properly fixed and embedded, if stored ap- 
propriately, can stay in this form mdefinitely before staining. 

Tissues can be embedded manually or with automated systems. Some embedding systems have a chamber for keeping 
molds and sampJes hot and ready for embedding. They also may have a separate chamber to melt paraffin, an attached dis- 
penser for pouring paraffin into embedding molds, and a separate cold piąte to cool the recentfy embedded tissues. Both 
manuał and automated station methods are essentially the same and are well accepted as tissue embedding methods, The 
only difference is that the latter are semi-automated so that the system Is operationa! within an hour or less (i,e„ paraffin is 
mefted, heattng chambers are warmed, and the cold piąte is cooled). Manuał methods are somewhat slower. Regardless of the 
system used, the integrity of the histological section must not be compromised. 

SECTIONINC 

When tissue blocks are ready for staining, sections are cjt with a sharp knife or disposable blades. Paraffin-embedded tissue 
sections typically are 4-8 jam thick, but plastic-embedded tissues usually are 2 pm thick, The tissue sections are piaced on 
slides and can be stored in this State. The slides are deared again (to dissolve the paraffin) and are rehydrated before staining 
or IHC. In alf cases analysts should be aware of the importance of each step in order to avoid producing artifacts (e.g., f3xation- 
reJated shrinkage or nicks, folds, or tears in the tissue sections caused by improper microtome work or a knife that is too duli). 
Once the staining procedurę is complete, analysts should apply sufficient mounting medium over Lhe tissue sections in order 
to avoid entrapment of air bubbles when a cover slip is applied. 

Example ProtocoJ 

The following is an example of a fixation, paraffin-embedding, and processing method that is commonly used before hema- 
toxylin and eosin (H&E) staining to study the effectiveness of tissue decenulahzation processes. 

Fixation solution: 0.1 M sodium phosphate, pH 7, containtng 10% formalin 

Paraffin: Melt paraffin at 60° for 3 h before analysis. [Notę—F or proper infiltration and success in later steps, it is best to 
keep the Paraffin fresh (free of clearing agent) with frequent changes of paraffin (at least two changes), The temperatura of the 
Paraffin must be NMT 2 D -4° above its melting point; otherwise, the tissues exposed to overheated Paraffin will overharden.] 

Paraffin solution 1: Paraffin and xylene (1:3) or a xylene substitute^ 

Paraffin solution 2: Paraffin and xylene (1:1) or a xylene substitute 

Paraffin solution 3: Paraffin and xyfene (3:1) or a xylene substitute 

Fixalion and dehydratron, clearing, and paraffin infiltration of the tissue (DCI): Place each tissue sample (NMT 1 cm 2 3 ) in 
Fixation solution for a minimum of 6-8 h. The volume of Fkation solution should be NLT 15^20 times the vołume of the tissue 
sample. [Notę—W hen processing bonę sam pies, thoroughly fix before decaldfication and DCI. In this case, after fixation, rinse 
the sample with Purified Water, and place in a rapid decalcifier solution 3 for the recommended time. After decaldfication, rinse 
the bonę sam pies with Purified Water again, and place them back in the Fmatlon solution.] Place each tissue sample in an em¬ 
bedding cassette, and tabel the cassette with a pen cii or hsstology pen. Place cassettes in the following series of Solutions for 
30 min each: 2 changes of 70% ethanol, 2 changes of 95% ethanol, and 3 changes of 100% ethanol. [Notę —An optional 
approach is to transfer cassettes directfy from 100% ethanol to 100% xylene for 3 changes. Place cassettes in Paraffin heated 
to 2°-4° above its melting point for 1-3 changes for NLT 90 min and NMT 1 80 min. Exposure to proionged heat causes 
shrinkage and hardening of tissues. Avoid overnight treatment.] Next, pface cassettes in the following series of Solutions for 60 
min each at 60°: Paraffin solution 7, Paraffin sofution 2, and Paraffin solution 3. 

Tissue embedding: [Notę—T his example is a manuał method, but an automated embedding method can be substituted.] 
Move the Container with the cassettes described above from the incubator into a 60° water bath to prevent the infiltrated par¬ 
affin from solidifying during the embedding procedurę. [Notę—F or easier release later from the embedding molds, molds can 
be sprayed with a diluted mold-reiease concentrate.] Pface a smali amount of Paraffin into a room-temperature base mold. 
Using forceps, remove a tissue-containing cassette from the liquid Paraffin , and position the tissue section with the desired ori- 
entation in the mold before the Paraffin solidifies. [NOTE—lf it is not positioned properiy, the tissue sample can be piaced back 
into the tissue cassette containing the lśquid Paraffin , and Lhen a new mold can be prepared and tissue positioning can be 
attempted again.] Once the tissue ts in place, place the labeled portion of the tissue cassette onto the base mold, and add 
Paraffin to a !evei just below the lip of the cassette. Pface the cassette mold assembly onto a frożen cold piąte. When the Paraf¬ 
fin begtns to solldify on top, transfer the assembly to an ice bath until the entire błock is solidified (about 20 min). Once the 
Paraffin is solidified, carefully separate the base mold from embedded tissue without using exce$sive force. Storę blocks at 4° 
until needed for sectioning. Blocks can be setboned immediately, but it is advisabfe to wait at least 24 h for best results, 

Sectionrng paraffin-embedded tissue: Using an appropriate marker, tabel glass slides with a tissue-sample identifier. Select 
an embedded tissue błock, and trim any excess wax remaining around the edges of the błock. Fili a flotation bath with Purified 
Water, with or without gelatin (histology samples only), and wami to Bó^ó 3 . Carefully place a new microtome blade into the 
blade hoider. Ensure that the blade is locked into place, (f available, select the manuał or motorized modę of the microtome. 


2 For eaample, GtriSolv r Clear Rite 3, Pro Par Oearant, or equtvalenL 

3 For example, Deca Icśfy Ing Solution, Richard-Al len. 
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Place the tissue błock in the microtome cassette holder, and adjust its orientation using the adjosting screws until the błock h 
correctly positioned vertically and horizontalfy in relation to the blade* Select the trim setting* [NOTĘ—The trim cut usually is 
set to 15-16 pm, but this can be increased if a large amount of trimming is necessary, or can be decreased if only a smali 
amount of tissue is present in the błock. In addition, blocks can be refrigerated or placed on ice before sectioning to keep 
them cooi and firm.] Advance the błock forward to the desired position. Once the błock is positioned, start trimming or "fac- 
ing" the błock. After the tissue is visible in the sections, set an appropriate sectioning depth and begin collecting tissue sec¬ 
tions* [Notę—R outine H&E sections should be cut at approximate!y 6 pm, but the section thickness can be adjusted between 
4 and 8 pm as necessary if there is difficulty obtaining gocd-quality sections*] Using forceps, transfer the sections to the tissue 
flotation bath. Gentiy place the ribbon of sections onto the water surface while gentiy pulling to eliminate any wrinkles from 
the ribbon, [Notę—I f the water in the flotation bath becomes too hot, the tissue sections will fragment. If this occurs, decrease 
the heat setting on the bath, and allow the water to cooi before proceeding*] Next, separate one or two adjacent, intact, fuli 
sections from the ribbon with a sharp dissecting probe or ; orceps. Using a glass slide placed at approximately a 45° angle be- 
neath the section, lift the sections onto the sltde. Gentiy tap off the excess water, and allow the sam ple to dry, As needed, 
repeat the sectioning process for additional samples, After alt slides have been prepared and before staining, allow the slides to 
air-dry for NLT 15 min or until no water dropfets are visibte. Remove the wax blocks from the microtome, and storę appropri- 
ateiy. 

Deparaffinization and rebydratron of histological slides: Before staining, place slides with mounted tissue specimens in eh 
ther Coplin jars, reagent buckets, or staining racks* Place slides in the following Solutions for at least 3 min each; 3 changes of 
xylene (or a xylene substitute), then 100% ethanol, £hen 95% ethanol, then 70% ethanol, then 2 changes of Pudfied Water* 
Proceed with the desired staining procedurę. [Notę—S lides can be left in the water for several hours but then most be 
stained*] 

METHOD DEVELOPMENT AND VALIDATI0N: POINTS TO CONSIDER 

Histological methods sometimes are used to demonstrate that cells within a tissue sample are still viable (e.g., when evaluat- 
ing a cryopreservation method r s performance). In other clrcumstances, the method is used to evaluate the absence of viable 
cells following a decellularization process. Each case presents specific va!idatron challenges. 

H&E staining provides a useful tool for determining whether slgnificant guantities of cells are still viable after preservatlon. 
During method validation, immunohistological stains can be used to ensure that specific celi types are still present in the pre- 
served samples* Testing samples for all expected celi types during the validation phase provides support for the less specific 
H&E staining (that will starn all cells and not just specific celi types) during routine monitoring. 

When validating any histological method, analysts should demonstrate that different observers can detect the same ąuality 
(or guantity) of an object, tissue type, celi body, nucleus, etc., and that the characterization by different observers can be repli- 
cated in several specimens following the same process. Samples for evaluation may consist of multiple types of cells, extracellu- 
lar matrix proteins, and glycosaminoglycans, or other components* Some of these components may be resistant to decelluiari- 
zation processes or may be difficult to stain. During assessment of method reproducibility, analysts should evaluate multiple 
samples throughout the sample to ensure that they are representative of the types of materials expected to be found in the 
matrix. In addition, because inadeguate decellularization procedures may not remove all cells throughout the materiał, it Is 
important to take samples from multiple locations in the tissue so that remaining cells are not underestimated. Intra-operator 
reproducibility also should be a part of the assessment because the relatively weaker signal from fewer positively stained cells 
may make vtsualization morę challenging for some technidans, The method validation should use samples that underwent 
worst-case decellularization processing conditions as determined by statistical modeling to ensure that residual cells can still be 
identified and ąuantified in these marginal samples* Finally, the validation of the method should incJude contro! samples to 
confirm the suitability of the staining system (see Hematoxy!in and Eosin Staining ofSectioned Tissue for Microscopic Examination 
(1285*1}), 

The histological assessment of decellularized tissue-based matrix products is one tool to characterize the matrix but cannot 
be the sole indicator of product quality. On the one hand, processing may generale decellularized matrix products that have 
no detectabfe cells but may not possess other critical quality attributes. On the other hand, tissue matrix products undergoing 
other decellularization processes may result in products with greatly reduced cellular content (although some cells may re- 
main) that retarn the necessary performance characteristicsfor that therapeutic purpose. 

Sample Selection for the Analysis of a Decellularization Process 

Samples cannot always be taken from a random location within the product. Forexample, it is not practical to puli a sample 
from the center of a sheet of decellularized perkardium without creating a defect that would make the end product undesira¬ 
bie. If routine sampling plans require sampling from the edges or waste portion of a given matrix, analysts should conduct an 
rnitial validation study that confirms that such a sample ts representative of the whole. This rs important because the geometry 
of the matrix may affect the exposure of the matrix to the decellularization processing Solutions* For example, if the tissue ma- 
trix is tubular, e.g*, a nerve segment, and a sample is taken from the end for histological assessment, then this sample will have 
different exposure to Solutions than a sample taken from the center of the nerve segment. Thus, the sampling may not repre- 
sent a worst-case assessment, and the suitability of the sample should be determined by means of a validation study. 
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CONCLUSIONS 

This chapter outlines common steps to prepare tissue or organ specimens for light microscopic analysis following either 
staining or treatment with structure-specific probes. Each of these steps can produce specimen artifacts that either Enterfere 
with the observation or actually introduce structures that wers not present in the odgina! sample (e.g,, certain well-known 
Chemical artifacts). Therefore, proper attention and consistent execution of each step are critical factors in generating sections 
that reflect the character of the tissue and that stain in a reproducible manner. 


(1285.1) HEMATOXYLIN AND EOSIN STAINING OF SECTIONED 
TISSUE FOR MICROSCOPIC EXAMINATION 


INTRODUCTION 

Histologic methods involve the preparation of organs, tissues, or celfs for microscopic analysis of constituent elements that 
have been exposed to particular chemistries or immunochemical staining procedures. Histologic methods have many goals, 
and are often used to evafuate native and processed therapeutic tissue-based products. For example, these methods can be 
used to estabfish the rntegrity of the tissue with regard to cellufar content and extracellular constituents. Nudear staining in* 
tensity and nudear shape may be altered if tissue retovery or handling is compromised. Furthermore, extracellufar structural 
and accessory components such as collagen, elastin, and glycosaminoglycans can be specifically stained so their presence and 
location can be determined. 

Histologic methods are particularly useful for detecting trends in content (e.g,, celi numbers and amounts of tissue constitu¬ 
ents), Therefore, they have been va!uabie in the development and verification of tissue-processing methods intended to reduce 
or elfminate ceflular content (decellularization detected by reduced nudear staining, for example with hematoxylin) while 
maintaining extracellular matrix structure and components (e.g., retention of glycosaminoglycans or other carbohydrates as- 
sessed by persistence in Alcian blue staining). 

Tissue histologic analysis typically begins with a routine staining procedurę using hematoxylin and eosin (H&E) to detect 
celfular chromatin and cytoplasm and extracellufar structures (e.g., collagen and musde). Hematoxylin acts as a basie dye. In a 
metal complex it binds to acidic structures such as ceflular nucleic acids (DNA or RN A), producing the blue-purple stain typi¬ 
cally noted as nudear staining. Additionaily, in caicified tissues it forms a blue or purpfe predpitate. Eosin acts as an acid dye 
and stains basie materials red (muscle) to pink (collagen). Eosin staining is responsible for the detection of the cytoplasm and 
intracellufar and extracellular proteins, but it does not allow identification of specific intracellufar structures or proteins. H&E 
does not stain fat ftself, but fatty areas can be identified by the staining of the stroma, yielding an outline of adipocytes. 

H&E staining is often used to demonstrate the reduction of nuclei following tissue decellularization processes, but H&E stain¬ 
ing also provides structural Information. H&E staining reveals that Type I collagen fibrils have a particular arrangement and 
wave pattern depending on the tissue observed and the orienfation of the specimen. Altered collagen fibril patterns, e.g., 
smearing and loss of fibrils, may suggest disruption of the native structure of the tissue. Decellularization methods, which can 
alter the structural integrity of tissue, may reduce the staining intensity of collagen. Altematively, the staining intensity can be 
artifrcially inereased if residual charged processing Chemicals remarn fn the tissues. H&E staining can help identify noncollagen 
protein structures. For example, elastin fibers are not specifically stained by this method, but thick elastin fibers such as the 
internal elastic lamina of arteries are easily detected by their profound waviness and subinttmai location shown by staining. A 
mineralized matrix (e.g., in bonę) can be seen as dark red to purple (depending on the hematoxylin choice) granular staining 
within frelds of structural protein fibers. 

H&E staining is a starting point for morę detailed histologic analysis. Differential staining of collagen (typically colored blue) 
ts achieved with Masson Trichrome stain, and Verhoeff's Van Cieson and Movat Pentachrome stains highlight elastin (btack). 
The other major components of connective tissues are the glycosaminoglycans, and these can be detected and to sonie extent 
differentiated with various catiomc dyes such as Alcian blue in Movat's Pentachrome stain, for example. 

Morę detailed compositional analysis of tissues and observations of the effects of decellularization methods reguire structure- 
specific probes. At the level of light microscopy, this spedficity is provided by immunohistochemical staining using antibodies 
to targeted structural proteins and extracellular matrix constituents or by using labeled lectin probes to detect certain sugar 
structures. The latter are of particular utility for eva!uating the removal of important xeno-antigenic eprtopes. 

The purpose of this chapter is to identify the factors that should be controiled to optimize the consistency of the results of 
tissue staining with H&E. In addition, the chapter provrdes a common H&E staining procedurę. 

BASIC PRINCIPLES 

Hematoxylin is oxidized to hematein, which complexes with a metal cation, binds to negatively charged graups, and stains 
basophilic substances such as nucleic acids. The most common cation for this application is aluminum (III), but iron (III) and 
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tungsten also are important. Hematoxy[in also stains eaJcium deposits. The most common metal used in hematoxylin staining 
is aiuminum, and the resulting stain produces a biue colon This aiuminum salt form of hematoxylin requires a pH >5 to form 
an insoluble blue aiuminum hematein complex. The high pH is obtained in a bluing step using a weak alkali solution such as 
ammonium water. Because anionie materiais often are used to process tissue (e.g., anionie detergents), these materials shouid 
be removed from the tissue first, or nonspeeific hematoxylin staining may be seen. 

Eosin is an acidic anaiine dye with affinity for cationic amino acids such as arginine and iystne in proteins. Cytoplasm, mus- 
cle, conneetive tissue, colloid, red blood ceils, and decalcifted bonę matrix all stain pink to plnk/orange/red wifh eosin. Eosin 
methods use Solutions containing various proportions of water, ethanol, and acetic acid. The uptake of eosin in cetls is promo- 
ted by htgher eosin concentration, a higher proportion of water than ethanol, and the inclusion of acetic acid, 

FROCEDURES—PO0NTS TO CONSIDER 

It is important to control the consistency and guaiity of the stain reagents and process. Bach new [ot of stains shouid be 
gualified with known contro! spedmens to ensure consistent staining processes. Solution cofor shouid be monitored, and if 
colorless Solutions become colored they shouid be discarded (especially the alcohols and xylene). Staining Solutions can age, 
and their staining effectiveness changes over time, Thus analysts shouid establish or assign a shelf fife to critical staining re¬ 
agents. Some reagents form precipitates or undergo overt cotor changes over time. Best practices indicate that such Solutions 
shouid be replaced. Labeled expiration dates of commercial stains shouid be foNowed closely. If reagents are mixed in the lab- 
oratory, analysts shouid monitor their performance over time using control spedmens to assess staining intensity and differen- 
tiation. Expiration dates shouid be added for each laboratory reagent. Best practices require that to the extent possrble sam- 
pies to be compared shouid be stained at the same time. To facilitate comparison, staining shouid be monitored and corrected 
if necessary, Regressive staining can be performed if overstaining with hematoxyl!n occurs. In this case, excess stain is removed 
with acid (e.g,, 0.5% HCI in 70% ethanof) in a step called differentiation. Excessive hematoxylin staining can btock eosin stain¬ 
ing, Idealiy, progressive staining, or real-time monitoring of the staining process to the desired intensity, shouid occur. 

As with any tissue-staining method, H&E staining intensity may be affected by steps taken before the staining procedurę, 
the Chemicals used, and the conduct of the staining itself. Section thickness can affect the overa!l specimen depth and can 
influence the apparent stain. Inadeguate removai of paraff n wax can prevent interaetion of the agueous Solutions of the stain¬ 
ing steps with the tissue. The color can be too strong if certain hematoxy!in reagents are not diluted before use, if the stain is 
appHed for too Jong, if the differentiation step ts too short, or If the acid is too dilute. Weak staining can be the result of ex- 
hausted hematoxylin, short staining time, oYerdifferentiation, or Iow pH durlng the bluing step, 

SYSTEM SU0TAB0UTY 

Control tissue shouid be used during each run to ensure that all Lhe reagents are working appropriately and the processing 
regime does not adversely affect staining. Untreated fresh tissue makes a good positive control, because there are no process¬ 
ing reagents that could affect the staining process. An appropriate negative control is an unstained sampfe from a previous lot 
that met all the product guaiity criferia of the H&E anatysis. Controls are important because processing methodologies such as 
decellularization or crossdinking may positively or negatively affect the ability of the reagents to stain the tissue as expected 
and can contribute to !ot-to-lot variabiiity in staining intensity. 

QUANTITATION 

A physical count of positively stained cells in a given area (cells/mm 2 ) is preferable to simply eomparing a sampfe to a previ- 
ously submitted visuai reference, particularly for products that undergo a decellularization process thatyields a greatiy reduced 
(yet nonzero) number of posittvely stained cells. Many, theugh not all, samples of tissues that have undergone a process of 
cellutar removal still have identifiable cellular debris after processing. It is difficult to compare these nonzero samples to a visual 
reference, so a sfandardized count per area is a better comparison of process effectiveness. 

Software-based automated celkcounting systems that are avaflable on many microscopy systems must be validated to con- 
firm that the software appropriately counts cells and sampte area. When the tissue Has not been deceliularized, there shouid be 
a high value of positive signais, and the system shouid be able to accurately differentiate that tissue from other samples with 
Iow celi counts. Yalidation is important when analysts attempt to guantify the number of cells in a given area on irregulariy 
shaped samples because the algorifhm used to estimafe areas may have fimitations when applied to these types of samples. 
Sample area shoufd be measured accurately when there is a Iow celi count, because a large error in the denominator can cause 
a significant error in the reported celi density. 


EXA!WIPLE PROTOCOL 

A common H&E method is described betów. Analysts can follow this example after preparing and deparaffinizing tissue sam¬ 
ple siides as described in Preparation of Biological Spedmens for Histohgic and Immunohistodtemical Anolysis {1285). This proto- 
col is commonly used to study the effectiveness of tissue decellularization. 
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Bluing reagent: 3 mL of 28% ammonium hydroxide In 1 L of Purified Water 

Staining method: After deparafftnizing tissue-containing slides, place the slides in a hematoxylin solution 1 for 1,5-3 min, 
[Notę—S taining times can vary depending on hematoxylrn brands (and type) and the tissues being stained, so optimization of 
staining time is required in this step. For this reason, laboratorles should track the reagent sources to ensure consistency.] Rinse 
slides under running tap water for 0.5-3 min. if necessary, perform a differentiation step to remove excess staln so the desired 
element or structure is Eeft stained by pladng the slfde in a darifying solution 2 for 30-60 s followed by rinsing in tap water for 
30-60 s. Next, place stides in Bluing reagent for 1-2 min. Drp slides 12 times in Purified Water. Rinse thoroughly in tap water for 
0.5-2 min to remove the Bluing reagent [Notę—I nsuffident rinsing affects subseąuent staining because of a change in pH J 
Next, place the stides in the folfowing Solutions for the spedfied times: 95% ethanol for 30 s to 1 min [Notę—T he time will 
vary depending on eosin type and components.] then place the slides in eosin solution 3 for 45 s to 3 min, 70% ethanol for 3 
min, 95% ethanol for 3 min, and finally 1 00% ethanoi for 3 min. [Notę—A lcohol washing must be closely monitored to avoid 
excess3ve removaJ of eosin stain. Excessive remova! of eosin from the extracellular matrix can be seen as pale pink staining.] 
Place slides in three changes of fresh xylene or xylene substitute for 1-3 min each. Place a couple drops of mounting medium 
on the slide, and apply the cover$fip, 

Expected results: Nudei should be stained biue, Cartilage and calctum deposits should stain various shades of blue. Cyto- 
plasm and other tissue constituents stain various shades of pink. Erythrocytes and eosinophlllc granules stain bright pink to 
red. 

CONCLUSIONS 

It is critically Important to test and verify staining conditions for each new tissue being studied. Staining intensity may be 
altered by tissue treatment before processing. A notable example is the treatment of tlssues to decellulanze or antigenicafly 
modify them, because these procedures may affect tissue components and may alterfhe staining of the remaining constitu¬ 
ents. 


(1601) PRODUCTS FOR NEBULIZATION—CHARACTERIZATION TESTS 


Products used for nebulization and intended for pulmonary delivery are characterized using the followlng tests: 

— Drug Substance DeUvery Role and Total Drug Substance Delivered; 

— Aerodyna mic Assessment of Nebulized Aerosois. 

These tests standardlze the approach to the assessment of the dose that would be delivered to a patient but are not inten¬ 
ded to provide assessment of the nebulizer devlce itself. T The mass rather than the number-wetghted size distribution is morę 
appropriate to evaluate product performance, Drug substance mass as a function of aerodynamic diameter is morę indlcative 
of therapeutic effect within the respiratory tract. 

DRUG SUBSTANCE DELIVERY RATĘ AND TOTAL DRUG SUBSTANCE DEL!VERED 

These tests are performed to assess the ratę of defivery to the patient and the total drug substance delivered to a patient 
usmg standard ized conditions of yolumetrlc flow rafę Breath-enhanced and breath-actuated nebulizers should be eva!uated 
by a breathlng Simulator because the output of these types of device is highly dependent on inhafation flow ratę, The method- 
ology beiow describes the use of a standard breathlng pattern deflned for adults. Should a particular product for nebulization 
be indicated onfy for pediatrie, Le., neonate, infant, or child use, then pediatrie breathlng pattern(s) must be used. 2 Breathing 
patterns are used, rather than continuous flow rates, to provide a morę appropriate measure of the mass of drug substance 
that would be delivered to patients. 

Drug substance de!ivery ratę and total drug substance delivered are appropriate characteristics because they allow the mass 
deljvered to be characterized in a standard way regardless of the nebulizer used, Accordingly, the test methodology described 
below (a) measures the mass of drug substance delrvered in the first period (typically 1 min) conseguently giving an assess¬ 
ment of drug substance defivery ratę and (b) eaptures the total drug substance mass deiivered. 


1 Richard Alfa o Scientific #7231 or suitable equivalent 

2 Clarifier 2 from Richard AUan Scientific or suitable equiva!ent. 

3 Richard Allan Sdentific #7111 or suitable equivalent, 

1 European Standard 13544-1:2001. Respiratory Theropy Epuipment Part 1: Nebultzing systems and their components. Euro pean Committee for Standardlzation. 
Brussels, Belgium. 2001, 

2 Suitable breathing patterns for pediatrie use may be fountf for exarnpJe, inCanadian Standard CAN/CSA/Z264.1-02:2002, Spacers and Holding Chambers for Use 
with Metered Dose fnhakrs, Ca na dian Standard* Association, Mississauga, Ca na da 2002. 
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Apparatus 

BREATHING SIMULATOR 

A commerdally availabte breathing Simulator that is able to generate the breathing profiles spedfied In Tobie 1 is used for 
the test. The breathing profile indicated for adults Is used unless the mediana! product is specifically Intended for use In pedia- 
trics, when alternate patterns should be used, as indicated in Tobie 1. 


TabBe 7, Breathing Simulator Sperification 


Item 

. Speciflcatigij... 


AduJt 

Neon a te 

Infant 

Child 

Total volume 

500 ml 

25 mL 

50 mL 

1S5 mL 

Frequency 

15 cydes/min 

40 cydes/min 

30 cydes/min 

25 cydes/min 

Waveform 

sinusoida! 

sinusoida! 

sinusoida! 

sinusoida! 

Inhalation :exhalation ratio 

1:1 

1:3 

1:3 

1:2 


FILIER SYSTEM 


A suEtably va!Edated fow-resistance filter, eapable of quantltatively coilecting the aerosol and enabling recovery of the dryg 
substance with an appropriate solvent, is used for the test. The dead volume of the filter casing does not exceed 10% of the 
tidal vo!ume used In the breath simulation. 

Procedurę 

Attach the filter (contained in the filter holder) (A) to the breath Simulator (B) according to Figurę 1. Fili the nebulizer (C) 
with the volume of the drug product as spedfied 3n the patient instructions. Attach the mouthpiece of the nebulizer to the 
inhalation filter using a mouthplece adapter if required, ersuring that connections are afrtight. Position the nebulizer in the 
same orientation as intended for use, This may require tiltlng the breathing Simulator and filter holder. Set the breathing simu 
lafor to generate the spedfied breathing pattern. 



A, inhalation filter and filter holder B. breathing Simulator C. nebulizer 

Figurę 1. Expenmental Set-Up for Breathing Simulator Testing. 

Start the breathing Simulator and at the beginnlng of an inhalation cycle, start the nebulizer. Operate the nebulizer for a 
defined initial time period, The length of the time lnterval ensures that sufflcient drug substance is deposited on the inhalation 
filter for quantitative analysis, A time of 60 + 1 s typicafly enables direct determination of the drug substance delivery ratę. The 
time chosen, usuafly 60+1 s, must allow sufflcient drug substance deposition on the inhalation filter to allow quantitative anal- 
ysis. If the quantky of drug substance deposited on the inhalation filter in 60 s is insufficient for this analysis, the length of the 
time interval for aerosol collection can be increased. if the filter is soaked with the product, this time can be decreased. At the 
end of this initial period, stop the nebulizer. 

Place a fresh filter and filter holder In position and continue until nebulization ceases, Interrupt nebulization and exehange 
filters, if necessary, to avoid filter saturation. 


Results 

Using a suitable method of analysis, determine the mass of drug substance collected on the filters and filter holders during 
each time interval. Determine the drug substance defivery ratę by dMding the mass of drug substance collected on the fjrst 
inhalation filter by the time interval used for collection. Determine the total mass of drug substance delivered by summing the 
mass of drug substance collected on aII inhalation filters. 
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AERODYNAMIC ASSESSMENT OF NEBULIZED AEROSOLS 

Nebulized products need to be size-characterized at flow rates lower than the rangę that is typically used for powder inhal¬ 
ers and metered-dose inhalers. The CEN standard recommends a flow ratę of 15 L/min because this value represents a good 
approximation to the mid-inhalation flow ratę achievable by a healthy aduit breathing at 500 ml tidal volume. 

Although low-angje laser light-scattering instruments (laser diffractometers) can provide rapid size-distribution measure- 
ments of nebulizer-generaled aerosols, these techniques do not detect the drug substance, Rather, they measure the size dls- 
tnbudon of the droplets irrespective of their content This may not be a problem with homogeneous Solutions, but it can resuit 
in significant error if the product to be nebulized is a suspension, or if droplet evaporatfon is significant, as can be the case 
with certain nebutizer types. Cascade impactors enabie the aerosol to be characterized unambiguously in terms of the mass of 
drug substance as a function of aerodynamic diameter. Laser diffraction may be used if validated against a cascade impaction 
method. 

Apparatus 5 (see generał Information ohapter Aerosols, Nasal Spmys, Metered-Dose Inhalers, ond Dry Powder Inh a/m (601)), a 
cascade impactor, has been calibrated at 15 L/min spedfically to meet the recommendation of the CEN Standard and is there- 
fore used for this test. 3 Determining mass ba lance in the same way as for powder inhalers and 

metered-dose inhalers is not straightforward because the dose is being captured as a continuous output and hence is not in- 
cluded. Recovery expenments must be performed as part of method deve!opment and validation. Control of evaporation of 
droplets produced by nebulizers may be critical to avoid bias in the droplet size assessment process, Evaporation can be mini- 
mized by cooling the impactor to a temperaturę of about 5°, typically achieved by cooling the impactor in a refrigerator for 
about 90 min, 

Typically, at feast after each day of use, the apparatus must be fully cleaned, Induding the inter-stage passageways, because 
of the greater risk of corroston caused by the condensation/accumulation of saline-containing droplets on inter-stage metal- 
work assoclated with cooling the impactor. Ali surfaces of the apparatus should be dried after each test, e,g, with compressed 
air [Notę—T he micro-orifice collector (MOC) should not be dried with compressed air.] 

Apparatus 

A detaiied description of Apparatus 5 and the induction port is contained in (601), and includes details of critical dimensions 
and the qualifrcation process for the impactor (stage mensuration). 

A back-up filter in addition to the MOC must be used to ensure quantitative recovery of drug substance from the nebulized 
aerosol at the specified flow ratę of 15 L/min. The filter is located below the MOC (interna! filter option), or a filter in holder 
external to the impactor is used to capture any fine droplets that pass beyond the last size fractionating stage. A pre-separator 
is not used for testing nebulfzer-generated aerosols. 

Method Yafidation 

IMPACTOR STAGE QVERLOADJNG 

During method development and validation, confirm that the vo3ume of liguid sampled from the nebulizer does not over- 
load the impactor. Visual inspectfon of the collection surfaces on stages collecting most of the droplets may reveal streaking if 
overloading has occurred. This phenomenon is usually also assodated with an increase in mass of drug substance coflected on 
the finał stage and back-up filter. Redudng the sampling period (TJ is the most effective way to avoid overloading in any giv- 
en system, balancing overloading with analytical sensitivity, 

RE-ENTRAINMENT 

Droplet bounce and re-enlrainment are less likely with nebulizer-produced droplets than with solid particles from inhalers, 
thus coating would not normally be reguired. 


Procedurę 

Pre-coo! the assembled impactor and induction port in a "efrigerator (set at about 5°) for not less than 90 min, and start the 
determination within about 5 min of impactor removaf from the refrigerator. Other methods that maintaln the Impactor at a 
constant temperatura (e.g, use of a cooling cabinet) can also be employed when validated. 

Set up the nebulizer with a supply of driving gas (usually air or oxygen), or use a compressor at the pressure and flow ratę 
specified by the manufacturer of the nebulizer. Ensure that the gas suppiy linę does not become detached from the nebulizer 
when under pressure. Fili the nebufizer with the volume of the medldnaf product as specified in the patient fnstructions. 


3 Marple VA, Olson BA, Santhanakrishnan K, etal. Next generation pharmaceutical impactor: A new impactor for pharmaceutrtal inhaler testing. Part Jll: Ddension 
of archival calibratfon to 15 L/min. j Aerosol Med 2004; 1 7(4):335-343, 
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Remove the impactor from the refrigerator. Attach the induction port to the impactor, and connect the outlet of the impac- 
tor/external fflter to a vacuum source that is capabJe of wlthdrawing air through the system at 15 L/min, as specified in Figurę 
2. Turn on the flow through the impactor. 



vacuum 

contro! source 


Figurę 2. Apparatus 5 for Measuring the SIze Distribution of Products for Nebulization. 

Connect a fiow meter, cafibrated for the volumetric flow leaving the meter, to the induction port. Adjust the flow control 
valve located between the impactor and the vacuum source to achieve a steady flow through the system at 
15 L/min (±5%). Remove the flow meter. 

Position the nebulizer in the same orientatlon as intended for use, then attach the moulhpiece of the nebulizer to the induc¬ 
tion port, using a mouthpiece adapter if reguired. Switch on the fJow/compressor for the nebulizer, Sample for a p red eter- 
mined time (TJ. Once determined, this time (TJ must be deflned and used in the analytical method for a particular drug 
product to ensure that mass fraction data can be compared. At the end of the sampling period, switch off the driving gas 
flow/compressor to the nebulizer, remove the nebulizer from the induction port, and switch off the flow from the vacuum 
source to the impactor. Dismantle the impactor and, using a suitable method of analysts, determine the mass of drug sub- 
stance collected in the induction port on each stage and on the back-up fllter as described for Apparatus 5 (see (601)}, Add 
the mass of drug substance collected in the MOC to that deposited on the back-up fllter/extemal fllter and treat as a single 
sample for the purpose of subsequent calculations. 

Calcufate the fine particie mass of the drug substance based on the predetermlned time (T 0 ). Calculate the mass fraction 
(Fm comp) of the drug substance deposited on each component of the impactor, commencing with the induction port and pro- 
ceeding In order through the impactor, using the following expression: 

F ~ m /M 

m com P = rnass associated with the component under evafuatron; 

M - total mass collected by the system. 

Present F mcomp in order of location within the measurement equlpment, beginning at the induction 
back-up filter of the impactor (see Figurę 5). F m carnp values for adjacent stages of the Impactor may be 
report the mass fraction collected on a group of stages as a single value. 


port and ending with the 
combined in order to 



Figurę 3. Examp3e of Mass Fraction of Droplets Presented In Terms of Location within the Sampling System. 


General Chapters 





















General Chapters 


1988 {1601) Products for Nebulization / General Information 


USP40 


Determine the cumulative mass-weighted partrcle-size cistribution of the aerosol size-fractionated by the impactor in accord- 
ance with the procedurę given in (601). Starting at the filter, derive a cumulative mass versus effective cut-off diameter of the 
respective stages (see Tobie 2 for the appropriate cut-off diameters at 15 L/min), Plot the cumulative fraction of drug substance 
versus cut-off diameter in a suitabłe format, e.g, logarithmic or log-probabrlity format. Where appropriate, use this plot to de¬ 
termine by interpoiation the fraction either less than a given size or between an upper and lower size limit. 


Table 2, Cut-off Size* forApparatm 5 at 15 Ł/mln 


Stage 

Cut-off Diameter 
(f»m) 

t 

14.1 

2 

8.61 

3 

5.39 

4 

3.30 

5 

2,08 

6 

1.36 

7 

0.98 


lf necessary, and as appropriate, use this plot to determine values for the mass median aerodynamlc diameter (MMAD) and 
the geometrie standard deviation (GSD). 
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1*4 Recommendalions 
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1.6 Choice of Drug Product with which to Test 
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4. MASS OF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATINC PATIENT Tl DAL BREATHING 

4.1 Without Faeemask 

4.2 Witii Faeemask 


1* INTRODUCTION 

1*1 Background 

Spacers and vaived holding chambers (VHCs) are widely used in conjunction with inhalation aerosols [commonly known as 
pressurized melered-dose inhalers (MDis)]. When used eorrectly, VHCs assist with the administration of inhalation aerosols to 
patients who have poor coordinalion of MDI actuation and inhalation, and VHCs reduce oro-pharyngeal deposition of the 
drug. Patients using these spacers/VHCs in generał breathe tidally when inhafing their medication, regardless of any delay, and 
this is particularly true for young and elderly users. Ałso, spacers and VHCs otten come with a faeemask instead of the mouth- 
piece normally supplied for inhalation aerosols. These add-on devtces (spacers/VHCs) interface with the actuator/mouthpiece 
of the MDI and provide additional volume for the aerosol plume to develop. In this chapter, these aspects are addressed by 
providing palient-use appropriate scenarios that have been evaluated extensively. 

Afthough existing methods for evaluating inhalation aerosols rely on sampling at a constant flow ratę, spacers and VHCs 
may be used by patients who have poor inhalation technique (i.e. # they delay inhalation after actuating the MDI). This chapter 
describes tests that are intended to provide Information on how the spacer/VHC modifies the aerosol emitted by the MDi, 
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1,2 Purpose 

The purpose of this chapter is to defrne potential standardized methods for characterizing the in vitro performance of a giv- 
en MDi drug product with a specific spacer and VHC. li. is recognized that spacer/VHC confEgurations will deliver a modified 
partide-size distribution and dose compared with the dose indicated on the label by the manufacturer of the MDI product, 
chiefly by collecting almost all of the portion of the dose eontalned in partides Loo large to be avaifable for inhalation by the 
patient and potentially reach the lungs. This chapter does not advise on the outcome of such changes, rather the interpreta- 
tion of data obtained using the methods described should be developed by the user after discussion with the appropnate re- 
ceiving organization. 


13 Rationale 

This chapter includes separate testing by a multi-stage Cascade impactor to determine aerosol aerodynamic particie size dis- 
tributlon (APSD) and tests mimEcking fulEy coordinated and fulfy uncoordinated use, with tidaf breathing simulated to establish 
emitted mass (EM) with the MDI-spacer/VHC coupled to a breathing Simulator. 1 It is now possible to combine both APSD and 
EM measuremenls by means of a mixing inlet, 2 However, the morę conservative approach adopted herein reflects the absence 
of method validation data for multiple marketed drug prcducts deiivered by MDI. Spacers and VHCs modify the APSD substan- 
tially from what is emitted by the MDI when used alone. in particular, a [most all of the mass fraction of drug associated with 
partides having ballistlc trajectories, by vjrtue of propellant expansion upon actuation, is contained within the add-on devtee. 
The user shoufd refer to the Canadian Group standard for further interpretation of changes in APSD brought about by the 
presence of a spacer or VHC. 

1.4 Recommendations 

The use of the induction port identified in Inhalation and Nasai Drug Products: Aerosois f Sprays, and Powders—Performance 
Quality Tests (601) is recommended for eompliance with the pharmacopeial standard. However, it is acknowledged that alter- 
native designs of the induction port, asyet to be Induded as pharmacopeial standards, offer unique testing opportunities. 
These are either analomicafly correct or idealized to have aerosol transport properties similar to an anatomically correct induc- 
tion port. Glven the widespread use of spacers/VHCs for infants and smali children, it is important to notę that many of these 
anatomicalty appropnate induction ports are scaled in terms of such potential users (e.g v the "Alberta" idealized throats, 3 de- 
veEoped at the University of Edmonton, Canada), The user is free to adopt such an induction port bul should specify the induc¬ 
tion port design and age group with whEch the induction port will be used. 

The evaluation of facemask performance reguires a model face of the appropnate age rangę specified in the tabelEng for the 
add-on device (i.e., infant, smali child, or adult)* This arrangement is necessary because there Is no other way to accuratefy 
sEmulate the magnitude of the dead space or test for the possibility of leak pathways between facemask and face, both of 
which are known to influence efficieney of the drug delivery. Some face models are avai!able commercrally. 1 Therefore, be¬ 
cause the use of a face model is an appropriate way to test these add-on devices, the user will need to either acquire a model 
from a source where age-appropriate face models have been developed and vatidated, or develop and validate his or her own 
design. Whichever pathway is chosen, a description of the model, in particular the dimensions of the face where the facemask 
comes into contact, should be provided in the data report to the recEpient. 

1.5 Definitions of Key Terms Relating to This Chapter 

Spacers: Gpen tubes that do not have a valve atthe exft nearest the patient interface (either the mduthpiece or facemask) 
to retain the aerosol before the user can inhale (see Figurę ?). Spacers simply Encrease the distance between the MDI mouth- 
piece and the mouth of the patient, If the patient exhales instead of inhaling, the medicatfon will be blown out of the spacer 
and lost 


1 Canadian Group standard, CAN/CSA/Z 264.1-02: 2008; Canadian Standards Assodaiion, Mississauga, Ontario, Canada. 

2 Available from Copley SdentifiC Ud., Nottingham, UK, or RDD-Gnline, Richmond, VA, USA. 

3 AvaiEabJe from Copley Scientific Ud., Nottingham, UK. 
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Rgure 1, Open-tube spacer with no mechanism for aerosol conservation during exhaiation. 

VHCs: Contain at least one valve thal opens to allow the patient to inhale aerosol on inspiration, This inhalation valve re- 
mains dosed at other times during each breathing cyde (see Figurę 2). Some VHCs may also contain an exhalation valve that is 
open only during exhalation to direct the exha!ed flow away from the inhalation valve. 



mouihploco 


Figurę 2, Corwentional VHC with valve opening upon inhalation, accepting MDI with forwa rd-firing actuator rnouth piece. 

Integral actuator: A companion piece with some spacers and VHCs that accepts a MDI canister removed from its actuator- 
mouthpiece. A "reverse firing 1 ' feature may enable the design to be modified such that the built-tn actuator faces away from 
rather than toward the user. In the example illustrated in Figurę 3, the spacer operates in this way, It has some of the character- 
istics of a VHQ in thal an air dam is created by closure of the valve located dislally from the user on exhalation into the cham- 
ber This type of spacer can therefore be evaluated as if it were a VHC, because the aerosol released on MDI actuation is eon- 
served during exha!ation. 



moul^plecB 


Figurę 3. Holding chamber with reverse-fmng integral actuator for MDI canister 

1.6 Choice of Drug Product with which to Test 


It is understood that testing will take place with each single active component within the drug product or with each 
strength of multi-strength drug products as reguired by the recipient of the data. 
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2. TEST METHOD SELECTION 


2.T Spacer/VHC Configurations 


Four spacer/VHC configurations have been identified LhaL require different test methods to complete the eva!uation process 
(see Table 1). 


Table 1. Identification of Test Configurations of the Spacer/VHC 


Configuration 

Spacer 

VHC 

Mouthpiece 

Facemask 

A 

+ a 

_b 

n 

- 

B 

+ 


- 

4* 

e 

§ 

+ 

4* 

- 

D 

- 

+ 

- 

+ 


3 + denotes Lhat this item was part of the condition 
b - denotes łhal this item was not part of the condition. 


In Configuration A, the device being tested rs a spacer with a mouthpiece, Likewise, in Configuration B f the device under test 
is a spacer with a facemask, fn Configurotion C t the device is a VHC with a mouth piece, and in Configuration D the device is a 
VHC with a facemask, The evaluation of devices without patient interface (Le., those intended for use by patients on mechani- 
cal venttlation) is outside the scope of Lhis chapter. 

TESTS FOR CONFIGURATION A 

Configurotion A, spacer with mouth piece (see Figurę 4), comprises two tests: 1) APSD measurement with no delay {see Port 
i A)' and 2) EM by breathing simulation—fully coordinated (see Part 2A). Testing with a delay would be inappropriate for this 
configuration because the med kation cannot be retained within the spacer because it has no valving mechanism. 

TESTS FOR CONFIGURATION B 

Configuration B f spacer with facemask (see Figurę 4) f comprises one test with the facemask in place; 1) EM by breathing sim- 
ulation—fully coordinated (see Port 3A ). It is recommended that this class of device be evafuated for APSD measurement with 
no delay (see Figurę 4 t Port JA) by removing the facemask and coupling the spacer on-axis to the induction port entry with a 
suitable connector. Testing with delay would be inappropriate for this configuration, because the medication cannol be re- 
tained within the spacer because it has no valving mechanism. 


TESTS FOR CONFIGURATION C 


Configuration Q VHC with mouthpiece (see Figurę 4), comprises four tests: 1) APSD measurement with no delay (see Part 
1A); 2) APSD measurement with delay (see Part IB); 3) EM by breathing simulation—fully coordinated (see Part 2A); and 4) EM 
by breathing simulation—fully uncoordinated (see Part 2B), 


TESTS FOR CONFIGURATION D 


Configuration D t VHC with facemask (see Figurę 4), comprises two tests with the facemask in place: 1) EM by breathing simu¬ 
lation—fully coordinated (see Part 3A); and 2) EM by breathing simulation—fully uncoordinated (see Part 3B). It is recommen¬ 
ded that this class of device be evaluated for APSD measurement with and without delay (see Figurę 4 t Parts 1A and IB) by 
removing the facemask and coupling the VHC orvaxis to Lhe induction port entry with a suitable connector. 
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Co nligu rat i on A Config uration C 



Configuration 8 



Figurę 4. Dedsion tree fo j test selection by add-on device type* 


2.2 Comments on Test Methods 

The tests in Parts 1A and IB (see Tobie 2) are an extension of llie procedures described in (601). However, sampling at a 
constant flow ratę via a cascade impactor does not do morę than enable the assessment of the APSD of the emitted aerosol. In 
the later parts of Products for Nebulization—Characterizotion Tests (1601 >, tests are described in which tidal breathing is simuia- 
ted to assess spacer/VHC performance in temns of the deliyered dose (eqirivalent to EM) in situations that are morę representa- 
tive of patient use* In Part IA (see Tobie 2), the purpose rs to enable the determination of metrics for which a direct compafi- 
son can be madę with and without the add-on device. This methodology is the same as that described using either (601), 
Apparotus 1 or Apparalus 6 and is therefore not repeated here, In Part 1B (see Tobie 2), delayed sampling is introduced because 
add-on devićes, especially VHCs, are widely pręscribed for ndividuals who, for whatever reason, are unable to coordinate MDI 
actuation with the onsel of inhalation as described for the MDI alone in "patiem tnformation" and "instructions for use". Ali of 
the tests in Port 1 are undertaken with the facemask removed from the spacer/VHC eguipped wtlh this type of patient inter- 
face, This modification is allowed so that the device can be readily interfaced by fitting the facemask adapter directiy to the 
entry of the induction port without the compiication of a direct facemask-to-induction port connection, where intemal dead 
space would likely be both ill-defined and unrepresentative of the "tn-use" condition. 


Table 2 , tli Vitro Tests for Spacers and VttCs 


Test 

Delay at 

Constant 

Flow Ratę 

Breathing 

Slmulation 

Sultabllity 

Relevance to Patient 
Use Scenarlos 

Part 1 A: Measuremeni of 
APSD with A-l sampto 
volume 

Nonę 

NoL appiicable 

Spacers and VHCs 

Baseline performance 
compared with MDI alone 

Part 1B: Measurement of 
APSD with 4-L sam ple 
va(ume 

For example, 2, 5 # or 10 s 4 

Not applicable 

VHCs only 

Slmulation of a delay by a 
poorly coordinated user 


,ł Othur delay intervals may also be used as required, if justifled. 

b ftepreseniaUve breaihing patterns for differerU patient ages are listed in rabie 3, other patiems may be used as required, if justilied 
* 1.6-kg applied force has been shown lo be dJnicaHy appropriale, but the force used may differ from this vaiue if jusiified 
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Table 2- In Vitro Tests for Spacer and VHCs (Cantinued) 


Test 

Delay at 

Constant 

Flow Ratę 

Breathing 

Si mulat i on 

SuftabEllty 

Refevance to Patient 
Use Scenarios 

Part 2: Measurement of EM 
with suffident number ot 
inhalations from the VHC 
followrng guidance in the 
patient insLnjctions to 
ensure thauhe drug is 
delivered from the VHC as 
intended b 

Nol applicable 

Fiłter cołlection of aerosol 
simuiating tidal breathing 
in coordinated and 
uncoordinated use 

Spacers and VHCs 

Simulation of optimum use 
(fully coordinated with 

MDI actuation Part 2A- 
Spacers and VHCs) and 
fully uncoordinated use 

Pan 2B-VHC 5 only 

Part 3: Measurement of EM 
deltvered by facemask with 
suffident number of 
inhalations from the VHC 
foliowing guidance in the 
patient instructrons to 
ensure that the drug is 
de1ivered from the VHC as 
tntended b 

Not applicable 

Filter colfeciion of aerosol 
behind llps or at nares of 
model, simuiating tidal 
breathing in coordinated 
and uncoordinated use 

Spacers and VHCs 

Simulation of optimum use 
(fully coordinated with 

MDI actuation, Parł 3A~ 
Spacers and VHCs) and 
fully uncoordinated use, 

Part 10-VHCs only 
Simulation of use with 
facemask applied with a 

1 6-kg force 12 


* Other delay intervals may also be used as requi red, ff justified. 

b Representative breathing patterns lor differeni patiem ages ara listed in Table 3; other patternś may be used as required, if justified. 
c 16-kg applied forte bas been shown to be dinlcally appropriate, but the force used may differ from this V3lue If justified. 


The tests in Parts 2 and 3, depending on whether a mouthpiece or facemask is present as the patienl interface, respeetiyely 
(see Tobie 2) f evaluate the performance of the inhalation valve (and exhalalion va]ve, if equipped) of the add-on device. This 
evaluation is accompłished by simuiating tidal breathing, with parameters that are appropriate for the intended user group 
(e.g., infant, smali child, or adult), This testing approach creates the continually varying flow conditions that are expecled in 
use. Notę that in the determination of EM, a suffident number of inhalations should be taken in accordance with the instruc- 
tions for use of the VHC, to ensure that the intended amount of drug is delivered. 

Spacers/VHCs using a facemask as the patient interface should be evaluated ideał ly with the facemask in place (see 1.3 Ra- 
banale). The desirable approach is such that in vitro testing makes use of a model face that is representative of the age rangę 
for which the spacer/VHC is intended. There are currently imited commercially available model faees; however, the peer-re- 
viewed literaturę contains severa! artides providing the netessary technical Information to enable suitable age-appropi iate 
model(s) to be created for the purpose of testing spacer/VHCs. !t is also important that the surfaces of the face coming into 
contact with the facemask have mechanicaf characLeristics (e.g., deformabifity) that are representative of the skin and underly- 
ing soft tissues when the facemask is applied to the face with an appropriate force, In Part 3 (see Table 2), the spacer/VHC is 
evaluated by a breathing simulation with the facemask fitted, mimicking simiiar fully coordinated use as defined in Part 2A and 
also fully uncoordinated use as defined in Part 2B (see Tobie 2). By comparing the EM of the drug with and without the use of 
a facemask, it is possible to assess the influence of the facemask. 

Notę—N ot all of the tests described in this chapter are applicable to open-tube spacers because such devices reguire fully 
coordinated use; otherwise, drug delivery wili be signlficantly reduced. Figurę 4 shows the decision Lree to be followed so that 
the tests chosen are appropriate to the type of add-on device being evafuated. 

Table 2 turther defines the test, method, applicable devite, and relevance to patienl use scenarios of the procedures that are 
described in this chapter, Example delay intęryals of 2, 5, and 10 s are noted in the tahfe, although other delay interyals may 
be substituted or added as reguired and justified. For the testing in Part 3 (see Figurę 4) t it is recognized that currently there are 
limited commercialfy available face models representing the most widely recognized age categories, which may be reguired 
(i.e v Infant, smalf child, and adult). The user es advised to select an appropriate commercial model or develop his or her own, 
providrng justification for the selection as required. Additionally, Tobie 3 shows representative tidal-breathing patterns for the 
various patient age categones from neonate to adult. 


Table 3* Representative Tidal Breathing Patterns 1 


Pa ramę ter 

Pediatrie 

Adult 

Neonate 

infant 

Smali Child 

Normal l b 

NormaE 2 b 

Tidal volume (mL) 

25 

50 

155 

77 0 

500 

Frequency (min^ ( ) 

40 

30 

25 

12 

13 

l/E ratio c 

|:3 

1:3 

1:2 

1:2 

1:2 


J With the permission of the Canadian Standard* Association (operaling as the CSA Group), materiał Js reproduced from CSA Group standard CAN/CSA- 
Z2643-02 (R2011), "Spacers and Holding Chambers for Use with Metered-Dose Inhalers", which js copyrighted by CSA Group, 5060 Spectrum Way # Suile 100, 
Mississauga ON, L4W 5Nó. This materiał h not the complete and official posltton of Lhe CSA Group on the referenced subfect, which is represented soldy by lhe 
standard in its entirely. Aithough use of the materiał has been authorized, CSA is not responsible for Lhe manner in which the data are presented, nor for any 
jnterpretfltinrss thereof. For morę information or to purchase standard* from the CSA Group, please vesii http://sh0p.c9a.ca/ or cali 1-800*463-6727. 
b Normo/ f represents a resting adult of łarge build; Normat 2 represents an acL‘ve adult oi normal bu Ud, 
c l/B ratio - inspiraiory time/expiraLory time. 
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Tabłe 3» Rcpresentatiye Tidal Brcalhing Patterns 13 (Continued) 


Pa ram eter 

Pediatrie 

Adult 

Neonate 

Jnfant 

Smali Chlld 

Norma! 1 b 

Norma! 2 b 

Minutę voJurne (ml) 

1000 

1500 

3875 

9240 

6500 


Ą With the pcrmtssion of the Conadian Standards Assodation (operating as the CSA Group), materiał ii reproduced from C5A Group standard CAN/C5A- 
Z264.1-02 (R2011), "Spacers and Holding Chambers for Use with Meiered-Dose Inhalers", which fe copynglned by CSA Group, 5060 Spectrum Way, Suitę 100, 
Mississauga ON. L4W 5N6. This materiał i$ not the complete and official position of the CSA Group on the referenced subject, which k represented soldy by the 
Standard in Its entirety. Afthough me of the materiał has been authorizec, CSA is not responsible for the manner in which the data are presented, nor for any 
interpretaiions thereof For morę intormation or to purchase standards bom the CSA Group, ptease visit http://shop.csa ca/ or cali 1 -800-463-6727. 
b Normat J represents a resting ad uli of large bul Id; Normo/ 2 represenis an active adult of norma I build, 
c i/E wito = inspiratory time/eapiralory Ume, 


3. MEASUREMENT OF APSD 

3.1 No Delay between the MDI Actuation and Sampiing Onset 

BACKCROUND 

In Part JA (see Figurę 4\ the measurement of APSD from the spacer or VHC with no delay following actuation of the inhaler 
is defined as an important test of the optimum performance of the device* This test also provides Information with which to 
compare the in vitro performance of the MDI with and without the add-on device present. 

TEST PROTOCOLS 

If Lhe spacerA^HC is intended for adult use, and compahson is being madę with the MDI alone, follow the procedurę given 
for <601), Apparatus 1 or Apparaius 6 , as reąuired. Altematwely, the Model 150 Marple-Milter impactor/ which has the same 
stage cut-point sizes at 30 L/min as those of <601), Apparatus 2 t may be used. 

If the spacerA/HC is intended for neonates, infants, or snall children, it may be appropriate to use an a!temative apparatus 
that operates at the reduced flow rate(s) morę appropriate for these classes of patrents. Examples are <601}, Apparatus 6 oper- 
aled at 15.0 L/min or the pediatrie version of (601), Apparatus 2 (Model 1S0P Marple-Mrller impactor) that functions at either 
4.9 or 12.0 L/min. 

ConducL the evaluation with the mouthpiece of the spacer or VHC, if so equipped, connected to the test apparatus. If the 
spacer or VHC is equipped with a facemask, remove the facemask and perform the evaluation with the add-on device connec¬ 
ted to the test apparatus by means of the facemask adapter. 

If a VHC is tesled, prepare it for the test by washing in atcordance with the manufacturer's instructions, if so indicated. If no 
insti uctions for preparation are provided, test the device out of the package without prewashing, and notę this Information in 
the test report. 

Connect the spacer or VHC via the mouthpiece or facerriask adapter to the entry to the induction port described in <601). 
This connection cąn be madę either with a short piece of flexible tublng or with a purpose-buiit coupling that ensures omaxis 
afignment with Lhe entry to the induction port If f!exib!e tubing is used for this connection, ensure that the add-on device is 
supported in such a way that its long axis aligns with the axis of the induction port entry. Care shouid be laken to ensure that 
the eoupling, however conslructed, does not resuit in a significant loss of the drug and/or change in measured APSD. 

Verify that the coupling is leak-tight by first connecting a calibrated gas flow meter to the entry of the induction port and 
then verifying that the flow ratę specified for the test is within ±5% of the desrred flow ratę, This is achieved by applying a 
vacuum to the test apparatus by means of an appropriate regulation valve located between the Cascade impactor and vacuum 
source, Remove the ftow meter from the induction port and connect the spacer/VHC as described above. Verify that the volu* 
metric flow ratę determined by attaching the same flow meter to the MDI mouthpiece acceptance port of the spacer/VHC is 
NIT 95% of that obtained at the first flow ratę measurement at the entry of the induction port. Turn off the source of vacuum 
to this apparatus after this check has been completed and remove the flow meter, ensuring the connection between the 
spacer/VHC and induction port is not disturbed, 

The practice of actuating the MDI with the spacer or VHC initially disconnected from the induction port and then rapidly 
connecting the add-on device after MDI actuation is not retommended, because there is always a smali delay mterval and 
medication will be lost in an unconlrolled manner from an open-tube spacer if this procedurę is foJlowed. 

Follow the direetions in the patient Information and instmetions for use for the MDI to prime tt before inserting into the MDI 
adapter of the spacer/VHC In the case of an add-on device equipped with an integral actuator, after primtng the MDI canrster 
in its mouthpiece adapter as supplied, remove the canisterfrom the adapter and tlean the external valve stem with a suitable 
wipe. Insert the canister va!ve stem into the receptacie following the instructions for use for the particular add-on device, tak- 
ing care to avoid premalure actuation. 


4 Available from MSP Corp., St, Paul, MIV, 
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In cases where morę than one actuation of the MD! is needed to collect suffident mass of drug product, follow the drrec- 
tions in the patient information and instructions for use; if no directions are provided, allow a minimum of 30 s between actua- 
tions. Tum on the vacuum to the Cascade impactor before delivering any actuations. It is important to deliver the minimum 
number of actuations to obtain an adeguate sampfe of the size-fractionated drug mass for measurements to be madę to the 
same degree of precision as would be the ease if the MDI was evaluated alone. 

After the MDi actuation and aerosol sampling are complefed, recover the drug from each component of the Cascade impac¬ 
tor, induding the induction port, and also from within the spacer/VHC by using a validated method appropriate to the prod- 
uct belng measured. Ca ref ul ly remove the backup fjJter of the Cascade impactor, whose purpose ts to capture the drug mass 
passing the last impaction stage, from its location and place it in a suitable Container, For each sample, add a predetermined 
volume of a suitable solvent to the Container and agitate to dissolve the collected drug. Transfer a sampie to a cuvette or vial 
for drug assay using a syringe equipped with an in-line filter to retain any suspended materiał Care must be taken with the 
recovery of a drug retained by the add-on device, because a greater volume of solvent may be needed, compared with vol- 
umes needed for reco very from each impaction piąte/cup of the impactor. Perform sępa ratę assays to measure the mass of 
drug recovered from each component, using a va!idated procedurę. 

Repeat the measurement with the reguired number of device$ and replfcates per device, Typically, five sępa ratę spacers or 
VHCs are each tested once, but other testing protocols may be adopted as reguired, if justified, These protocols may include 
repJicate measurements per device to obtain information about intra- a$ welt as inter-device performance. 

Measurements 

Total mass of drug collected: This procedurę is not a test of the product or add-on de vice but serves as a system su i ta bili ty 
test to ensure that the resufts are valrd. The total mass of drug collected comprises the sum of the drug mass in ail of the com- 
ponents, induding the MDi rnouthpiece and from within the spacer/VHC [materiał balance (MB)] divided by the number of 
actuations of the MDI. Notę that ty pi ca 13y up to 5% of the targ et-delive red label claim may be retained by the cascade impac¬ 
tion apparatus as inter-stage wali losses. 

The total mass of drug emitted: The total massofdrug emitted from the spacer/VHC with zero seconds delay (delivered 
dose, equivalent to EM) is determined from the sum of the va!ues for the mass of drug collected in all of the components of 
the test apparatus divided by the number of actuations of the MDI. Spacers and VHCs are intended to reduce the mass of 
coarse particles inhaled by the patient; therefore, an important part of data interpretatlon of the APSD should involve separate 
assessments of the pertinent subfractions relevant to the inhalation aerosol product. The precise size limits for these subfrac- 
tions will agree with the recipient of the test data. However, to provide initiaf guidance on this matter, it is suggested that the 
fol łowi ng be considered as a minimum; 

* Determination of the mass of drug retained by the spacer/VHC together with the mass recovered from the induction port 

• Stage-by-stage profile of the remaining EM 

Further interpretation of these data is at the discretion of the user. The performance of the spacer/VHC is compared with that 
of the metered-dose MDI alone, folfowing the procedurę described in (601). 

3.2 Delay between the MDI Actuation and Sampling Onset 

Notę—T his test is inappropriate for spacers. 

BACKGROUND 

This test reguires the adaptation of (601), Apparatus 1 and Apparatus 6 to accept a means by which the delay interval can be 
realized. The actuation of the MDI into the VHC on test with its rnouthpiece or facemask adapter disconnected from the entry 
to the induction port, followed by connection to the port with the vacuum applied to the apparatus immediately after the 
delay interval has elapsed, is difficuit to perform accurately and may resuft in leakage or an inaccurate realization of the delay 
interval. For these reasons, an apparatus of the type described in Figurę 5 is recommended, because it enables the VHC mouth- 
piece/facemask adapter to remain in position throughout the measurement. The methodology for delay testing is based on 
the apparatus illustrated, but other equipment offering simrlar capability may be used if justified. 

TEST PROTOCOLS 

The vertically mounted shutter piąte comprises a circular opening in its upper half and is mounted at setup such that the 
gap between the VHC mouthpiece/facemask adapter and induction port entry is closed, as iilustrated (see Figurę 5), The induc¬ 
tion port and VHC adapter fit tightly into the mounting błock. In this position, when vacuum is applied to the test apparatus, 
air fs sampled by fhe apparatus at the desired flow ratę via a bypass channel on the side of the adapter facing the induction 
port. This arrangement avoids the need to start the flow through the apparatus after the delay interval has elapsed, so that the 
cascade impactor is always operated at a constant flow ratę. 
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Figurę 5. A configuration for an apparatus to assess the effect of a delay between the MDI actuation and sampJing onset. 


In the configuration described in Figurę 5 , when the MDI is actuated, a microphone located on the adapter błock detects the 
sound emitted at actuation of the MDI, starting a timer that operates a solenoid valve that retracts a pin immediately after the 
preset delay interval has expired. This process permits grayfty to operate on the shutter, which drops to the lower position in 
which the aperture is aligned with the VHC mouthpiece/facemask adapter and induction port entranee. The aerosol retained 
within the VHC is sampfed as soon as the shutter moves to the "open" position. This procedurę avoids the risk of capturing 
any "bfow-by" aerosol that might escape the VHC as the propeltant expands immediately following MDI actuation but would 
not be inhaled by a user. If blow-by is ohservecl, it should be noted in the test report. In the configuration shown in Figurę S t 
the adapter introduces <5 ml of additional volume to the aerosol pathway from the VHC to the filter, and the minimum delay 
interyal achievable is 1 s. 

Example delay intervals of 2, 5, and 10 s have been noted earlter in this chapter, although other delay interval($) may be 
substituted or added If regutred and justified, 

Securely attach the exit port froni the delay apparatus to the entry of the induction port. Connect the VHC via the patient 
interface (mouthpiece or facemask adapter) to the entry port of the delay apparatus and verify that the coupling is leak-tlght. 
This check is most easily done by connecting a calibrated gas flow meter to the port for the MDI (MDJ adapter) on the VHC 
and verifying that the vofumetric flow ratę is NIT 95% of that obtained with the same flow meter connected to the entry of 
the induction port. This should be done before attaching the delay apparatus, with the vaeuum source applied to the test ap¬ 
paratus to achieve the appropriate nominał flow ratę. Turn off the vacuum source to this apparatus after this check has been 
completed, and remove the flow meter. Reconnect the VHC, and turn on the vacuum source again. 

Before actuating the MDI for the first Li me inLo the VHC being tested, ensure that the delay apparatus is set such that the 
shutter is rn the "up" or "closed" position. Select the desired delay interval for the timer. 

Follow the directions in the patient Information and rnstructions for use before insertlng the actuaior/mouthpiece of the 
MDI into the MDI adapter of the VHC before the first actuation into the test apparatus. If the spacer/VHC is designed with an 
integral actuator, after priming the MDI canister In its mouthpiece adapter as suppfied, remove the canister from the adapter 
and clean the external valve stem with a suitable wipe. Insert the canister vatve stem into the receptacle following the instruc- 
tions for the particular add-on device, Laking care to avoid premature actuation. 

In cases where morę than one actuation of the MDI is needed to collect suffident mass of drug product, follow the direc¬ 
tions in the patient instructions, or if no direction is provided, allow a minimum of 30 s between actuations* Dejiyer the mini¬ 
mum number of actuations needed to obtain an adequate sample of the size-fractionated drug mass so that measurements 
can be madę to the same degree of precision as if the MDI was evaluated alone, Reposjtion the shutter of the delay apparatus 
in the up or closed position, and check that the timer is set for the desired delay after each MDI actuation. Maintain the vac- 
uum through the entire sequence until all actuations are completed. 

After the sampling part of the measurement is completed, recover the drug from each component of the Cascade i m pa eta r, 
including the induction port, and from within the spacer/VHC by using a validated method appropriate to the specific prod¬ 
uct. In the configuration shown in Figurę 5, the surface area of the shutter that is exposed to aerosol particles is mini mat 
Therefore, recovery of drug from this component needs to be done only for the most accurate work; in which case, the inner 
surfaces of the aperture in the shutter ptate and the exit port are washed with recovery soJvenL Care should be taken with the 
recovery of drug retained by the VHC, because a greater volume of solvent than is needed for recoyery from each impaction 
plate/cup of the impactor may be needed to be surę that drug is quantitatively recovered. Assay for the mass of drug recow 
ered from each component separately by using a validated procedurę. 

Repeat the measurement with the required number of devices and replicates per device. Typically, five separate spacers or 
VHCs are each tested onee, but other designs, Including replicate measurements per devicą may be adopted as reguired. 

Measurements 

Toto! mass of drug coilected: The fotal mass of drug collected in al] of the components, including the MD3 mouthpiece and 
from within the spacer/VHC (MB) is divided by the number of actuations of the MDI. The component of the dose thaL may 
escape past the inbalation valve of the VHC on MDI actuation (due to momentary pressurizatlon of the interior of the cham- 
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ber) 15 termed "bfow-by", and it may not be eaptured for the assay, If this phenomenon is observed, it must be noted. [Ngte— 
Quantifkation of bfow-by is not a practica! proposition because the act of coliecting the aerosol wili inevitably apply back-pres- 
surę to the valve, redudng or eliminating the phenomenon altogether.] 

The performance of the spacer/VHC tested with delay (see 5.2 Delay between the MDI Actuotion and SampHng Onset ) is com- 
pared with that of the spacer/VHC tested with no delay (see 5. 1 No Delay between the MDI Actuation and Sampling Ornet). 

VHCs are intended to reduce the mass of coarse partides inhafed by the patient, so an important part of data interpretation 
of the APSD should involve separate assessments of the pertinent subfractions relevant to the inhalation aerosol product The 
precise size limits for these subfractions will agree with the reeipient of the test data. However, to provide initial guidance on 
this matter, it is suggested that the following be considered as a minimum: 

• Determination of the mass of drug retained by the spacer/VHC together with the mass recovered from the induction port 
■ Stage-by^stage profile of the remaining EM 
Further interpretation of these data is at the discretion of the usen 

4. MASS OF DRUG DELWERED FROM A SPACER/VHC WHILE SIMULAT1NG PATIENT TIDAL 

BREATHING 

4.1 Without Facemask 

Cascade impaetors used irt the assessment of APSD are designed to operate at fi>ted flow rates. However weii the add-on 
device may perform during an in vitro test of function using such an apparalus, the opera tion of critical moving components 
(Le v inhalation and exha3ation valves of VHCs) is not evaluated in the way that these components would perform when the 
VHC is used by the patient An additional test that simulates tidal breathing is therefore induded, because this type of respira- 
tory pattern is most commonly encountered with patients using an add-on device, particularly neonates, infants, and children 
who are incapable of a forced inhalation maneuver. Severa! representatiye, age-reiated breathing patterns are listed in Tabfe 3. 

There is no breathing Simulator recognized in (601), However, <1601) proyides for the use of a commerdaily ayailable 
breathing Simulator that is able to generate the same breathing profiies as those specified in Tobie 3. The methodology protfi- 
ded assumes that equipment meeting this standard is available. Figurę 6 il lustrates schematically a setup that has been effective 
for these measurements, but other configurations may be used as required 

The filter system used to coilect the aerosol at the mouthpiece/facemask adapter of the spacer/VHC should be a suitably 
yalidated, low-resistance filier capable of quantitatively coliecting the aerosol and enabling recovery of the drug substance 
with use of an appropriate solvent. 3f the filter is contained in its own housing, the dead yolume of the filter casing must not 
exceed 10% of the tidal yolume used in the breath simulation. This restriction wil! likely make it necessary to use filters without 
a separate housing when performing tests that simuiate neonatal or infant use. 

The first part of the test is suitable for both spacers and VHCs, because it simulates the delivery of medication mimicking a 
fuily coordinated user actuating the MDI at the onset of inhalation. However, the second part of the test is only suitable for 
VHCs because the MDI is actuated at the onset of exhalation to simuiate a fuily uncoordinated user. 


VHC 

Low-R&sisiance 

Filier 


Computer- 

Conlioli&cl 

Breathing 

Simulator 


Mjnimize 'Desa' Volume MOI 
□etwssn Jnhalalion 
ValvB and Filier 


Figurę 6, VHC evaluation by breathing Simulator. 

TEST, PART 1 

Set the breathing Simulator to the reguired breathing pattern (identified from Tobie 3) in accordance with the manufacLur- 
er's instructions. Alternatiye breathing patterns may be used if required. Ensure that the Simulator has been calibrated before 
use so that the actual volumes and frequency are within ±5% of the indicated value during each breathing cycle. Caiibration 
syringes are ayaifabie from various suppliers of mechanical yentilation eguipment Lo verify volumes. To verify frequency, the 
method varies among breathing Simulator manufacturers, and therefore the advice of the particufar supplier/manufacturer 
should be sought if the method is not explidt!y stated in the operating Instructions for the apparatus. 
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Ensure that the selected ffow wayeform from the Computer-Controlled Breathing Simulator (Figurę 6) is stable before proceed- 
ing. Prepare each devtce in the group of spacers or VHCs to be Lested by washing in accordance with the manufacturePs in¬ 
structions, if indlcated, If no instructions for preparation are proyided, test the devices out of package without prewashlng and 
notę this fact in the test report. 

Connect the mouthpiece or facemask adapter of the spacer A/HC to the breathing Simulator by means of a short length of 
flexib!e hose. Locate the aerosol filter as close as possible to the mouthpiece of the spacer/VHC using an adapter or other 
means that wiil enabte a leak-tight seal to be formed with the minimum amount of spate (dead volume) between the device 
and the fil ten Ensure that the adapter does not restrict the path of the aerosol. 

Fiftrete™ is a suitable electret filter medium 5 that readily releases collected drug quantitatively upon addition of a suitable 
solvent during the assay procedurę. However, other suitable filter media may be used provided that the tester 3s satisfied that 
the filter is capable of collecting the entire emitted dose and that drug recovery for assay is quantitative. 

Follow the directions in the patient informatfon and instructions for use for the MDI to prime it before inserting into the MDI 
adapter of the spacer/VHC before the first actuation Ento the test apparatus. In the case of an add-on device eguipped with an 
integral actuator, after primtng the MDI canister in Its mouthpiece adapter as supplied, remove the canister from the adapter 
and dean the external valve stem with a suitable wipe. Insert the canister valve stem into the receptade by following the im 
structions for use for the particuiar add-on device, taking care to avotd premature actuation. This test typlcally should requlre 
onfy one actuation of the MDI into the spacer/VHC per detemnlnation. Howeyer, for certain hlghly potent products delivering 
fow unit mass of drug per actuation, morę than one actuation of the MDI may be needed to collect a sufficient mass of drug 
product, Linder such circumstances, follow the directions in the patient Information and instructions for use for the MDI, or 
allow a minimum of 30 s between actuations Ef no direction is proyided. it is important to deliver the minimum number of 
actuations to obtain an adequate sample of the drug mass for measurements to be madę wEth acceptable precision. 

For the first part of the test, perform a single actuation tjmed to coincide with the hegmning of an inhalation. ANow sampllng 
to occur for five additional breathing cycles for the actuation. If additional actuations are required to improve analytical sensi- 
tivity, ensure that Ehe sampling Orne is of suffirient length for the spacer/VHC to be emptied of remaining aerosol before the 
next actuation is defivered, and do not disconnect the spacerAd-IC from Ehe breathing Simulator between actuations. 

Remove the filter carefully from its locatlon and place it in a suitable Container. Add a predetermined volume of a suitable 
solvent to the Container and agltate to dlssoke the collected drug. Transfer a sample to a cuvette or vial for drug assay using a 
syrlnge eguipped with an in-line filter to retaln any suspended materiał, Recoyer the mass of drug from the filter by using a 
yafidated procedurę approprlate to the spedfic product, and assay for the mass of dmg collected by using a validated proce¬ 
durę. Calculate the tolal mass of drug per actuation; this is the emitted mass in the fulfy coordinated condition (EM C ), Repeat 
the measurement with the reguired number of devices and replicates per deyice, 

TEST, PART 2 

[Notę —This part of the test is Inappropnate for spacers.] For the second part of the test, either clean the VHC between 
measurements or evaluate a new VHC out of its packagtng, as reguired and justEfied. Report whether cieaning or repiacement 
of the VHC was carried out. Repeat the procedurę above In Test , Part 1 with the same VHC, this tlme actuating the MDI timed 
to coincide with the onset of exhalation. Calculate the total mass of drug per actuation; this is the EM in the fufly uncoordina- 
ted condition (EM UC ). Repeat the measurement with the reguired number of devices and replicates per device. 

Calculate the rafio of EM C with the 


4.2 With Facemask 

TEST, PART 1 

The purpose of this test is to compare the EM from a spaeer/VHC eguipped with a facemask to that obtained in the fully 
coordinated simulation with the facemask removed. Facemasks are widely prescnbed for infants, smali children, and adults 
who lack coordination to use a mouthpiece-based product The evaluation of spacers/VHCs supplied with a facemask, rather 
than a mouthpiece, requires additional attention beyond the methods descrlbed previous!y, because the facemask itself has a 
major part to play in the transport of the drug-containing aerosol partides from the add-on device to the patient (Figurę 7). It 
is therefore important that the facemask be tested in situ as part of the add-on device, rather than separately. A cntical compo- 
nent pf the test apparatus is the representation of a human face appropriate to the age rangę for which the add-on device is 
intended (e.g., neonate, infant, smali chlld, or adult). There are few models that can be defined as an apparatus in a way that 
Is simtlar to what is done for Cascade impactors in the aerodynamic particie size analysis of MDI-generated aerosols, aJthough 
some face models are currently available commercially, Jdeally, standardized, age-appropriate models would be preferred. 3 


5 Available from SM Corp, St. Paul, MN. 
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Figurę 7. VHC with facemask applied to face. 


Ideał attributes for face models are the following: 

* Appropriate facial dimensions for the intended user age rangę 

* Ability to apply the facemask with the predicted amount of dead space when it is applied with a clinicalty appropriate 
forte to the model 

• Physiologically accurate soft facial tissue modeling around the thin, eheeks, and nose where the facemask makes contact 

• Means of correctly mounting the spacer/VHC so that the facemask is oriented with the correct alignment to the face, as 
would occur when in use by a palient 

[NOTE—Some models may include anatomically accurate realization of the upper airway (naso- or oropharynx), with the aer¬ 
osol cotleotion filter located at the distal port of the model representing the entfy to the lungs.] For the sake of simplicity and 
to realize a measure of spacerA^HC performance comparable to the measure obtained with facemask removed in Part 2 (see 
Figurę 4 ), the default assumption is that the model face simulates open-mouth breathing without an anatomicafly accurate up¬ 
per airway, and that the aerosol collection filter is located in a cavily immediately behind the lips of the model, Altematively, if 
an obligate nasal breathing infant model is being used, then the filter can be placed behind the nares, The mass of drug is 
reported as the emitted mass (EM, nccrT1[1 , k ). 

Select a face model appropriate to the intended age rangę for Lhe spacer/VHC facemask, and mdunt the face model in an 
appropriate fixture. The fixture should enable the facemask to be located at an appropriate angle to the face model, such that 
an effecttve seaf between the facemask and face model is created with a clmically appropriate force. This is typically a loading 
force of 1,6 kg but may dtffer from this value if justified by the design of the facemask, The arrangement shown schematically 
in Figurę S is one way of achieving the desired result, but other approaches may be adopted as reguired, if justified. 

Locate and secure the filter media in the cavity behind the lips of the face model. Filtrete rM ts a suitable electret filter medi¬ 
um 5 that readily releases collected drug quantitatively upon addition of a suitable solvent during the assay procedurę. Howev- 
er, another suitable filter medium may be used, provided that the tester is satisfied that it is capabie of collecting the entire 
emitted dose, and that drug recovery for the assay is quantitative. 

Verify that a seal has been obtained between the facemask and face model. This is conveniently done by connecting the 
outlet (distal) port of the face model, using a short length of flexibie hose, to an In-iine caltbrated gas flow meter whose distal 
port is in tum connected Lo the vacuum source via a regulating valve capabie of setting the flow ratę to a suitable valuą typi¬ 
cally 30 L/min. Connect a simiiar flow meter to the port for the MDI (MDI adapter) on the spacer/VHC, and ensure that the 
mask is positroned in order to maximize flow ratę, idealty NLT 90% of that obtained with the in-linę flow meter between face 
model and regulating valve. [Notę —Leakage from the facemask to face seal, as detected by lowerflow ratę, is known to re- 
duce drug delivery.] Turn off the vacuum source after this check has been completed, and disconnect the flexible hose from 
the indine flow meter. Remove the upslream flow meter from the MDI adapter of the spacer/VHC 



Figurę 8. Mount for face model with alignment fixture induding carriage for spacer/VHC; a fixed (i.e., 1,6-kg) weight acts 
on the pulley befow the VHC and draws the carriage Loward the face with the reguired force. 
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Connect the outfet (distal) port of the face model to the appropriate port of the breathing Simulator using a short length of 
flexible hose. Set the breathing Simulator to the required breathing pattern (identified from Tobie 3) in accordance with the 
manufactureds instructions. A!ternative breathing patterns may be used if required. Ensure that the Simulator has been calibra- 
ted before use so that the actuaJ volumes and freguency are within ±5% of the indicated value during each breathing cycle. 
Calibration syringes are available from various suppliers of mechanical ventilation equipment to verify yoiumes. To verify fre- 
quency, the method varies among breathing Simulator manufacturers, and therefore the advice of the particular supplier/ 
manufacturer should be sought if the method is not expficitly stated in the operating instructions for the apparatus, Ensure 
that the selected flow waveform from the breathing Simulator is stable before proceeding. 

Foflow the directions in the patient informatron and instructions for use for the MDI to prime it before inserting it into the 
MDI adapter of the spacer/VHC before the first actuation into the test apparatus. In the case of an add-on device eąurpped 
with an integral actuator, after priming the MDI canister n its mouth piece adapter as supplied, remove the canister from the 
adapter, and clean the external valve stem with a suitable wipe, Insert the canister valve stem into the receptacle accordmg to 
the instructions for use for the particular add-on device, taking care to avoid premature actuation, Typically, it should reguire 
only one actuation of the MDI into the spacer/VHC per determination. However, for certain highly potent products deiivering 
a low-unlt mass of drug per actuation, morę than one actuation of the MDI may be needed to coliect a suffident mass of drug 
product. Under soch circumstances, follow the directions in the patient instructions or ailow a minimum of 30 s between ac¬ 
tuations if no direction is provided, Deliver the minimum number of actuations needed to obtain an adequate sample of the 
drug so that mass measurements can be madę with acceptable predsion. 

Perform a single actuation in the spacer/VHC, timed tocoincide with the beginning of an inhalation (see Figurę 4 f Part 3A). 
Allow sampling to occur for five additionai breathing cycles for the actuation. if additional actuations are required to improve 
analytical sensitivity, ensure that the sampiing time is of suffideni duration for the spacer/VHC to be emptred of remaining 
aerosol before the next actuation is delivered, and do not disconnect the spacer/VHC from the breathing Simulator between 
actuations. 

Following the tesis, remove the fil ter carefully from its focation and place it in a suitable Container. Ad d a predetermined 
vołume of a suitable so!vent to the Container and agitate to dissolve the collected drug. Transfer a sample to a cuvette or vial 
for drug assay using a syringe eguipped with an in-ltne filter to retain any suspended materiał* Recover the mass of drug from 
the filter by using a validated method appropnate to the specific product, and assay for the mass of drug collected by using a 
validated procedurę. Caiculate the total mass of drug per actuation; this is the emitted mass in the fully coordinated condiLion 
with facemask fitted to the spacer/VHC (EM c _ fm ). Repeat the measurement with the reguired number of devices and replicates 
per device. 

The values of EM C from the test undertaken in Port 2 (see Figurę 4) in which the facemask adapter was remoyed for compari- 
son of EM, simulating fully toordinaled use by a breathing Simulator can be tompared to the in order to understand 
the impact of the facemask on drug delivery. 


TEST, PART 2 

For a VHC only, the same process can be repeated, but with the MDI actuation(s) timed to coincide with the beginning of 
exha!ation (rather than inhalation) (see Figurę 4 t Port 38), fn this instance, the mass of drug collected per actuation is the emil- 
ted mass in the uncoordinated condition (EM ut _ Jnl ). The ratio of EM^ fm from Part 1 and Lhe EM, irifm can now be calculated. 


<1644) THEORY AND PRACTICE OF ELECTRICAL CONDUCTIVITY 

MEASUREMENTS OF SOLUTIONS 


This generał chapter provides information in support of instrumental methods for procedures that measure eleetrlcal con- 
ductMty. Pharmaceutical applications include: Chemical dosing, cleaning in place, fermentation controi, and liquid mixing ver- 
ification, among others. Although the generał chapter focuses on aqueous systems, conductMty measurements can be exten- 
ded to organie fluids. The generał chapter also focuses on contacting conductivity measurements and does notcover applica- 
tions which may use noncontacting inductive conductivity. After an introduction, the generał chapter covers the following ma¬ 
jor topics: theory of operation, operational consrderations* cafibration, and operation for at-line, in-line, and off-line measure¬ 
ment procedures. 


INTRODUCTION 

Conductfvity is the measurement of the abifity of a.fluid to conduct electridty via its Chemical ions. The ability of any ion to 
electrically conduct Is direetfy related to its ion mobility, Some of the common applications of conductivity measurements in¬ 
clude water treatment and purification, dean-in-place process fluid management, fermentation process monitoring, dosing 
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applications, nutrient media preparation, buffer produetron (e.g,, distribution and dilution for diaiysis and chromatography ap¬ 
plications), chromatography detection of gradient and eluent, active pharmaceutical ingredient Chemical synthesis, and con- 
centration determination of basie Chemicals. Fluids should be measured in a single homogenous phase—i.e„ conductiyity 
should not be applied to mixed Immiscible fluids unless they are separated. Electrical conductivity measurements cannot be 
applied to solids or gases, but they can be applied to the condensate of gases. 

Besides its use to monitor ionic concentrations of process fluids, conductiyity is also useful for the detection of ionic impuri- 
tles in compendial waters (see Water ConductMty (6 45)) and for the detection of ionic impurities in organie matnees, 

The measurement is non-ion-specific, and all ions respond with different effidency or equivaient conductanee, X, Despite 
the lack of ionic specificity, conductivity is a valuable la bo rato ry and process tool for measurement and contro! of total ionic 
content because it is proportional to the sum of the concentratlon of each ionic spedes (anions and cations) as described in 
Equation 1: 

Blf 

ions 

k = iooo£c,.a, 

/ 

where k is the conductiyity (S/cm), Q is the concentration of Chemical ion /(mole/l), and X, is the specific conductanee of km / 
(S ■ cm 2 /mole). Though S/m is the appropriate SI unit for conductivity (Le., the base 51 units are the ampere and the meter) 
units of S/cm historically have been selected as the accepted unit of expression. 

At Iow ion concentrations (typically <10 _1 mole/L), the conductivity-concentration relationship is linear and valid because X 
is constant for each ion, but there are three notable exceptons to thls strict linearity and proportionalky* First, at higher eon- 
centrations (approximately ICH to 1 mole/L) smali negative devIations from linearity (<5% per decade) arise because of the 
decrease in X for each ion, and the negatiye deviations vary from ion to ion, Second, at higher concentrations for weak acids 
and bases the extent of dissociation into ions decreases depending on their dissociation constants. As the concentration of a 
weak acid/base inereases, the conjugate cation/anion concentration inereases as the square root of the acid/base concentra¬ 
tion. Third, at high concentrations (>20%) of certam strong acids such as HNQ 3 and H 2 S0 4l the negatiye deviations persist, 
and, in some cases, the conductiyity decreases with inereasing concentration. The conductiyity of higlvconcentratiQn add Sys¬ 
tems is welf documented. 

Another variable that influences conductiyity measurements ts the fluid temperatura. A stricter expression of Equation 1 is 
shown below as Eąuation 2: 

ions 

K (T) = mo'£ t c,mT) 

i 

where the conductiyity measurement, ion concentrations, and specific ion conductances are temperaturę (7) dependent. As 
fluid temperatura inereases, the ions become morę effident electrical conduits, making this physicochemicaf phenomenon the 
predominant reason for the temperature-compensation reguirement when testing conductive fluids. The specific ion conduc¬ 
tance of all ions inereases with inereasing temperaturę. In addition, the concentration of ions can afso change as a function of 
temperaturę. For example, the auto-dissociation constant of water, inereases with temperaturę from 0° to 100°, resulting in 
the inereased produefion of H ł and OH . 

Strictly speaking, it is challenging to temperature-compensate perfectly the conductiyity measurement to a reference tem¬ 
peraturę unless the ionic species are wefl known. In many applications the ionic spedes are well known, and in most other 
cases stmple assumptions make this issue less demanding. Temperaturę compensatfon is discussed in further detail in Tempera¬ 
turę Compensation, below. 

THEORY OF OPERATION 

Alternating Current Measurement Method 

Conductivity is measured by applying a yoltage (or current) between two conducting electrodes and measurlng the resist- 
ance of the fluid using Ohrrfs Law. Various methods are used to apply the voltage/current, but all have the property of using 
an alternating yoitage/current (AC) in order to minimtze polarization (or colieetion of ions) at the electrodes or any eleclrolytic 
reaction. If a direet yoitage/current (DC) is used, then the positive ions wil! collect at the negatiye electrode, and negative ions 
will collect at the positiye electrode. The colieetion of ions at the electrode prevents the flow of current and adversely affects 
the accuracy and stability of the conductiyity measurement. The measufing frequency of the AC slgnai depends on the Lech- 
nology and can rangę from as Iow as 30 Hz in low-conducting fluids and up to 4 kHz in highly conductive fluids. The specific 
frequencies are not relevant to operation of the system because the drive frequency is embedded in the instrument^ measure¬ 
ment systems and is integrally linked to the supplier's measurement technology. This chapter does not seek to evaluate differ¬ 
ent measurement technologies because they are usually microprocessor-controlled systems and are proprietary. 

The two-electrode AC measurement technlque is valid for use with all concentrations of ionic species rangfng from acids and 
bases (high conductiyity) to Water for Injection and Purified Water (Iow conductiyity) and even to organie, weakly ionic spedes 
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such as alcohols and glycols. The measurement can be sensitive to ion concentrations as Iow as 0,05 pg/L For high ion con¬ 
centrations, anaiysts can use an alternative 4-electrode measurement method in which the current is applied between two of 
the eiectrodes and the voltage is measured between the two other eiectrodes. lons are dnven to the current electrodes while 
the voltage electrodes make the measurement with limited polarization effeets. 


Units of Expression 


There is no difference in the physical measurement of conductMty and resistivity—they are multiplicative inverse measure- 
ments ofeach other. Therefore, if one measurement is known, then the other value is readily calculated by taking the recipro- 
cal of the numerka! va!ue and the units. There is also no difference in the instrumentation or the sensors. The only difference is 
how the measured value is reported or displayed for the convenience of the anafyst For example, 18.2 MO ■ cm = 0.0550 
pS/cm and 5.23 kO - cm = 0.191 mS/cm = 191 pS/cm. Although the proper SI units are O - m or S/m, the traditionally used 
units are O ■ cm or S/cm. 

Figurę 1 shows relationships among conductivity, resisthrity, and some example process fluids of various grades of purity. The 
conductivity of fluids in pharmaceutical systems varies over approximately 8 orders of magnitude. In high-purity water Sys¬ 
tems, the guantity of ions present in Purified Waler or Water for Injection is very Iow, resulting in a conductivity <5 pS/cm and 
often approaching 0.055 pS/cm or less. [Notę —The conductivity of the purest waters at temperatures less than 25 a is less than 
0,055 pS/cm.] In drinking waters, the conductivity may vary from 30 to 2000 pS/cm. In chromatographic separations, the 
conductivity of the eluent may vary from OJ to 100 mS/cm. For hot concentrated acids, the conductMty may be as high as 1 
S/cm. 
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Figurę 1. Relationships among conductivity, resistMty, and some example process fluids of various grades of purity. 


Celi Constant Determination 


The purpose of the sensor's celi constant is to normalize the conductance/resistance measurement for the geometrical con- 
struction of two electrodes. When two electrodes are placed in a conducting fluid and a voltage is applied to them, there is a 
conductance (resistance) between the electrodes. If the electrodes are placed farther apart, the conductance decreases (resist¬ 
ance inereases). If the area of the electrodes increases, then the conductance inereases (resistance decreases). In both cases, 
the ion concentrations between the electrodes do not change, but the geometrical construction of the sensor (celi constant) 
alters the measured conductance (resistance). The conductivity of a sofutlon {*■, S/cm) is related to the conductance, C (Sie¬ 
mens) according to Equathn 3: 

K “ Gx (£) =G * fl 

where A is the area of the conducting electrodes (cm 2 ) and dis the distance between the eiectrodes (cm). The other common 
unit of expression is the reciprocal of conductMty, or resistMty, p (O - cm), as described in Eguation 4: 

_ 1 _ 1 _R 

9 K Gxd~& 

where R is the resistance of the fluid between the electrodes (1 Q = 1 S- 1 ). The geometrical ratro, d/A (or 0), is known as the 
celi constant (cm- 1 ) of the sensor. 
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Determlnation of the celi constant by tbe direct measurement of d and A is impractical because of yartations in the geomet- 
rical configurations and the nonuniformity of the electric field between the electrodes. Practically, the celi constant is deter- 
mined by the measurement of agueous Solutions of known conductMty. See Colibration below. 

Temperaturę Compensation 

Temperaturę compensation is a typical requirement for most conductMty measurements, although there are exceptions 
such as those contained in Water ConductMty (645). As noted previously, the conductMty of a fluid is related to its tempera¬ 
turę, As the temperaturę increases, ions become morę mobile and the conductMty increases. The effect of temperaturę de- 
pends on the type and concentration of the ion, but for most Solutions >10 riS/cm the impact of temperaturę is in the rangę of 
1.9%/° to 2.2%r For strong acids, this may be as Iow as 1*5%/®, For high-purity compendial waters, the temperaturę eoeffi- 
cient varies from 2*0%/° to 7.5%/° depending on the temperaturę and purity of the water. Foreach case described here, some 
knowledge of the type of im purity is needed in order to ensure adequate temperaturę compensation, If the conductMty vs, 
temperaturę function is linear and the temperaturę coefficient is constant, the equation that relates the compensated conduc- 
tivity to the non-temperature-eompensated conductMty is described in Eguation 5: 

K!S “|l + a(r-25)] 

where 7" is the measured temperaturę, x 2S is the conductMty compensated to 25°, k 7 is the conductMty at T f and a is 0,02 for 
a temperatura coefficient of 2%/°. 

Most conductivity measurement systems measure the uncompensated conductMty/resistMty and the temperaturę, and the 
temperature-compensated conduclivity is determined vta mathematical algorithms (e.g., by applfcation of Eguation 5) in the 
microprocessor of the transmitter. Depending on the application and knowledge of the content of the fluid, different compen¬ 
sation algorithms may be available. For most process control applications, temperaturę compensation is recommended be- 
cause when the uncompensated conductMty changes it is impracticaJ to distinguish whether this change is caused by temper¬ 
aturę fluctuation or a change in ionic content Temperaturę compensation aliows the analyst to distinguish between changes 
m temperaturę and ionic content Compensation to a reference temperaturę of 25° is standard practice, but some methods 
specify temperaturę compensation to 20°, 

Most conductMty sensors have temperatura devices such as a platinum RTD (resistance temperaturę device) or NTC (nega- 
tlve temperaturę coefficient) thermistor embedded inside the sensor, although external temperaturę measurement is possible. 

OPERATIONAL CONSIDERATIONS 

System Components 

The usual components of a conductMty measurement system are the sensor, the transmitter, and the cable that connects 
the sensor to the transmitter. The sensor is the device that is in direct contact with the fluid. The sensor consists of the electro- 
des, usually an embedded temperatura devtce, and a process connection (e.g., a tri-clamp if the sensor is intended for in-proc- 
ess sanitary applications). Traditionally, sensors are pas$ive electromechanical devices and do not contain measurement circui- 
try.The transmitter ts the device that measures the resistance between the sensoris electrodes, measures the resistance of the 
temperature-measuring device, converts the resistance measurement to a conductMty (or resistMty), and performs tempera¬ 
turo correctrons to compensate the signal to a reference temperaturę. The cable connects the sensor to the transmitter. In 
process control or monitoring systems, the cable aliows the sensor to be attached to a process tank or pipę, and the transmit¬ 
ter can be located at a control panel or other remote location, If necessary. The distance between the sensor and the transmib 
ter may affect measurement accuracy caused by the added cable resistance and the susceptibility of the cable to external 
noise. Therefore, this distance shouid be considered during selection of the measurement system. In some conductMty meas¬ 
urement systems, the measurement circuitry is directly attached to the conductMty sensor, alłowing digital transfer of the 
measurement results to a remote display at greater distances than traditronal measuring systems with wire transmission of ana¬ 
log signals. 


Materials of Construction 

The sensoris materiais of construction are criticai when the sensor may be in contact directly or indirectly with the product. 
For most laboratory applications, materiais of construction are less criticai, Alt sensors contain measuring electrodes and an in- 
sulatrng materiał between the electrodes, Technically, the orły reąuirements are for electrodes to be electricaliy conductrng 
and to be able to wlthstand the physical and Chemical environment Electrodes can be madę of various grades of stainless 
stee), Łitanium, graphite, and many other metals. The rnsuiating materiais must isolate the electrodes from each other so that 
only the fluid conductMty is measured. Insulating materiais are usually madę of an inert poiymer, epoxy, or ceramic. 

If the sensor is connected directly to a process vessel or the pipfng system, then the sensor's materiais of construction must 
rneet the thermal and hydra ulic (pressure) reguirements of the process system. The sensor must have a proper process connec- 
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tion to the vessel/piping. Depending on the application, the sensor afso may be required to meet biological compatibility, ma¬ 
teriał, or hygienic design requirernents. The sensor must not degrade during instaflation and opera tion, The sensor must be 
ab!e to withstand any other processes that the system may encounter such as clean-rn-place or steam-in-place processes. Oth- 
erwise anaiysts may need to remove the sensor from the process. When immersion of the sensor into the process places the 
process at risk, the sensor should be instalied in a housing that Is attached to the sidestream. In this case, a fraction of process 
fluid flows to the housing and sensor and then to drain, This allows indirect measurement of the process fluid without harm to 
the process or product. 

If the conductivity measurement is performed off-line, e,g., in a laboratory environment, then the operating considerations 
are reduced because the thermal, hydraulic, and other product-contact concems are reduced or eliminated. 

CALIBRATION 

The process of cafibrating a complete conductivity measurement system generaliy consists of three parts. First, the transmi¬ 
ter^ eleotronic circuitry is calibrated, Setond, the temperaturę sensor deviee is calibrated. Third, the celi constant of the eon- 
ductivity sensor is determlned, In each case, yenfication may precede any catibration to determtne if an adjustment is necessa- 
ry, In most cases for microprocessor-controlled instrumentation, there is no formal mechanical or eiectronic adjustment of 
Lhese subsystems. Instead, these adjustments are usually madę in software-contrafled calibrations that are computed automath 
cally by the transmitter. 

A calibrated transmitter should be used in order to callbrate the temperaturę sensor and celi constant. The transmitter used 
to calibrate the temperaturę sensor and celi constant can be the transmitter used in normal operation, or another transmitter 
can be used instead. Because of differences in a supplieds wirrng and eiectronic compatibility, it may be necessary to use the 
same type of transmitter. 

As is the case for a El instrument-based methods, cal ibration frequency depends on many factors. Depending on the type of 
conductivity sensor and transmitter, catibration cycles vary from weekfy to annualiy based on manufacturers' retommenda- 
tions, historical performance of the instrumentation, intemal requirements, and the crlticality of the application. For robust 
process instrumentation, typical calibration cycles for the electronics and the sensor take place approximately every 12 
months. When the sensor^ celi constant can be alterecl by the fluid or the process conditions, morę freguent calibration may 
be needed. 

Instrument Calibration 

The trans mi tter’s eiectronic circuitry is calibrated by disconnecting the sensor from the transmitter, connecting precision re- 
sistors (resistors of known value) to the transmitter, and comparing the traceable resistance value to the measured resistance 
value, The resistance values should be traceable to a competent national authority* The resistance values should be seiected so 
that they are in the rangę of (1) the measurement capabifity of the transmitter, and (2) the resistance that will be measured 
during operation. The transmitter may have multiple circuits internally, so yenfication of the appropriate Circuit (orali circuits) 
and measurement rangę is necessary. Comparison of the measured resistance to the actual resistance verifies if the transmitter 
is properly calibrated. The resulting difference must be within a predetermined x ? % of the actual resistance, where x } indicates 
the desired conductivity Circuit electronics performance, Typical conductivity Circuit electronics performance is usually in the 
rangę of 2% or less of the target value. Gtherwise, adjustment of the resistance measurement Circuit is recommended* 

An example of the transmitter 1 * measurement electronics calibration process follows: A typical operating rangę for a clean- 
in-place process may be in the 50 to 75 m5/cm rangę, A sensor with a celi constant of 5,0 errr 1 is used in this example ł Based 
on Eguation 4, this requires a measuring resistance of 67 to 100 Q. To verify the conductivity measuring Circuit during calibra¬ 
tion, anaiysts should use a resistor(s) with a traceable value in or near this rangę, When compendial waters are used, typical 
measurements are in the rangę of 1 to 20 MO * cm and use sensors with a celi constant of 0.1 cm-h This computes to a resist¬ 
ance of 0,1 to 2Mo ( Resistors with a traceable value in this rangę should be used, If the recorded va!ues are within the rangę 
of the pre-established acceptanee criteria (x f %), then adjustment is not required. 

Temperaturę Measurement and Sensor Calibration 

If a temperaturę measurement Circuit is integrated into the transmitter and is used as part of the measurement system, then 
verification and/or calibration of this Circuit is reguired. Depending on the type of temperaturę deyfce In the sensor, an appro¬ 
priate signal source (e.g., resistance) should be input to the transmitter. Comparison of the measured temperaturę and the 
simulated temperaturę verifies if the temperaturę measurement Circuit is properly calibrated. The resulting difference must be 
within x/ of the simulated temperaturę where x 2 indicates the desired temperaturę Circuit electronics performance, Typical 
temperaturę Circuit electronics performance usually is in the rangę of ±1° or less. If the difference meets the pre-established 
acceptanee criteria, no further action is reąuired. Otherwise, adjustment of the temperaturę measurement Circuit is recommen* 
ded using the protocol in the transmitter^ calibration function. 

If a temperaturę sensor is integrated into the conductiyity sensor, the temperaturę sensor can be calibrated by comparison 
of the sensor 1 * temperaturę measurement to a reference system, This is accompllshed by Immersing the process and reference 
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sensors m the same fluid. The reference system can be another traceable temperaturę measurement device or a fluid system of 
known temperaturę such as boiling water (corrected for elevation, if this degree of accuracy is necessary) or an ice-water bath. 

The accuracy of the ca libra tion is related to the accuracy of the reference sensor, the thermal homogeneity of the fluid, and 
the elimination or reduction of any artifacts that can negatively influence accuracy. For example, if the sensor i$ not fulty im- 
mersed in the fluid, thermal conduction from the ambient environment can aiter the temperaturę measurement Careful insu- 
lation of the sensor from the ambient enyfronment may improve the accuracy of temperaturę measurements, particularly if the 
reference temperaturę is substantially different than the ambient temperaturę. 

Comparison of the measured temperaturę and the reference temperatura verifies if the temperaturę sensor is properly cali- 
brated. The resulting difference must be within x 3 ° of the reference temperaturę where x 3 indkates the desired temperaturę 
accuracy that is required for the process, Temperaturę sensor accuracy is usually in the rangę of ±2° or less. If the difference 
meets the pre-established acceptance criteria, no further action is required. Otherwise, adjustment of the temperaturę sensor 
calibration factors is recommended using the protocol in the sensor’s calibration function. 

Celi Constant Calibration 

The celi constant of the sensor is determined by companng the conductMty measurement of the system to that from a ref¬ 
erence conductMty system and adjusting the celi constant. Place the sensor in a reference solution of known conductivity 
whose value is traceable to a competent authority. The reference solution can be a solution of known conductMty in one of 
three ways: 

(1) The solution can be produced according to a standard method that is traceable to a competent authority. One method is 
to prepare one of the Solutions listed in ASTM Dl 125. Another method is to use ultra-pure deionized water with no expo- 
surę to air whose conductMty is known. 

(2) The sofution can be procured from a third-party supplier with traceabflity to an acceptable authority. Celi constant cali- 
bration should be performed in the recommended temperaturę rangę of the reference solution. 

(3) The solution can be any fluid whose conductMty rs known by measurement from an alternative and traceable reference 
c o n d u ctivi ty m eas u remen t sys tern * 

In all three cases, regardless of the type of calibration me:hodology, there are some fundamental requirements. The sensor's 
celi constant should be calibrated at a conductMty that is in the measurement rangę of the measuring system. For example, if 
the system is designed to measure in the 0-100 pS/cm rangę, then use of a 1000 pS/crn reference solution is not advised. 

Because the celi constant is a geometncal property of the sensor and is a constant, the determinatfon and/or calibration of 
the cefl constant does not need to be in the operational rangę of the pharmaceutical process as long as the conductivity is in 
the operational rangę of the measurement system. Also, because the celi constant is a geometrical property of the sensor, a 
single-point calibration typically is sufficient. In some applications, a 2-pomt calibration can provlde improved accuracy at very 
high conductMty. Depending on the reference solution, celi constant calibration can be performed with or without tempera¬ 
turę compensation, For reference Solutions exceeding 10 p5/cm, if temperaturę compensation is needed a temperaturę coeffi- 
dent (a) of 2%/° is sufficient over the rangę of 25 ± 1 0° unless otherwise specifted, 

Adjustment of the celi constant is recommended if the difference between the measured and reference conductMty exceeds 
x 4 % of the reference conductMty where x Ą rndlcates the conductivity accuracy that is required for the process. Typical conduc¬ 
tMty accuracy is 5% or tess. if the accuracy measurement meets the pre-established acceptance criteria, no further action is 
required. Otherwise, adjustment of the $ensor's celi constant is recommended using the protocol within the sensor's caiibra- 
tion function. 

OPERATION 

In-line, At-!ine, and Off-line Measurements 

Depending on the applrcation, in-line, at-fine, and off-line measurements bave specifk universal reguirements. Each has ad- 
vantages and disadvantages depending on the application, but the fundamenta! technoiogies (AC measurement) supporting 
each measurement type are constant. The phmary differences between the in-line/at~iine and the off-fine Systems are sensor 
features related to process robustness and transmitter features related to output functions, extemal communication capabili- 
tles, and system installation costs. In-line and at-line systems have added benefits of reahtime measurements and continuous 
data acquisition. They also have added one-time electrlcal and plumbing installation costs, and the instrumentation is ftxed in 
a specific locatton for a single process and purpose. Afso, sanpie is diverted to drain, resulting in product loss. Notę that the 
fluid flow velodty should be high enough that the velocity does not affect the measurement. Off-Mne (or laboratory-based) 
systems have the benefit of measuring many sample types uider controlled conditions, Off-line batch testing has added costs 
associated with deaning containers and collecting samples as well as risks of sample contamination. 

In-tine conductMty measurements are suitable when the followmg conditions are met: (1) there is a need for or value of 
real-time, continuous data; (2) the sensor and the application/fluid are compatible and cause no harm to each other; and (3) 
atmospheric contamination must be avoided, In these cases, continuous process contro!, decisions, and intervention are availa- 
ble. 
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At-line (or sidestream) conductivity measurements are used when the foflowing conditions are met: (1) a need exists for or 
value of reai-time, continuous data; (2) the sensor and the application are compatible with each other; (3) the sensor can 
cause harm to the application and/or fluid; and (4) atmospheric contamination must be avoided. In such cases the measure- 
ment is madę by delivering the sample from the tank/piping using hydraulic pressure (flow) to the conduetivity sensor, and 
the fluid passes through the sensor and goes to drain. In Lhese cases, continuous process contro!, decisions, and intervention 
are available and have no affect on product or application. The only requirement is positive pressure upstream from the sensor 
to prevent backstreaming of the sample fluid back into the process. 

Off-ltne conductivity measurements are used when the following conditions are met; (1) no need exists for or value of real- 
time or continuous data; (2) the sensor and the application are compatible with each other, but the sensor can cause harm to 
the application and/or fluid; and (3) sampling needs are infrequentor are needed on a limited basis. 

Sample Preparation and Off-line Measurement 

When performing off-łine measurements, analysts mustensure that the Container used to collect the fluid sample(s) is suffi- 
dently dean so that the Container does not alter the result. Collect an amount of fluid needed for rinsing and measuring. For 
samples such as Purified Water where the analysis can be affected by gasses, contalners should be filled completely to reduce 
headspaee. The volume of fluid needed to make a measurement depends on the design of the sensor and can rangę from <10 
ml to 1 L Transfer a portion of the sample fluid to the clean measuring Container to rinse the Container walls. Discard the 
fluid. The sample Container also can be used as the measuring vessel. The sensor should be rinsed with a suitable guality of 
water or other appropriate fluid before use so the measurement ts not affected and then rinsed at least once with the solu tron 
to be measured, which then is discarded. Thts rinse with sample solution removes any residue or fluids with whrch the conduc* 
trvity sensor previously was in contaot. The exact procedurę varies depending on the solution tested. Forexample, when test- 
rng very Iow conductivity samples such as Purified Water analysts must do morę rinsing to remove any remaining residue from 
the sensor. Maximum holding time, temperaturę, and Container type must be controlted for some Iow-conductiv]ty samples, 
e.g., high-purity waters, because of the potential impact of ionic leachables from certain containers. 

Transfer the fluid to the measuring Container, immerse the sensor Into the fluid, and ensure acceptable clearance around the 
sensor 1 * measurement area, Stir or agitate the sample to prevent bubbles from attaching to the electrodes and disturbing the 
measurement. If a temperature-comp^isated measurement is used, then select the appropriate temperature-compensation al* 
gorithm in the transmitter, and adjust the sample temperaturę to the recommended rangę, if necessary, using an appropriate 
temperaturę bath. Otherwise, disable the temperaturę compensation. Verify that the temperaturę is sufficiently stable (<0.25 a 
change per min), and record the conductivity reading and the temperaturę, if necessary. 

In-line Measurement 

For in-line testing, the sensor is installed into the process piping or vessel. The orientation of the sensor refative to the flow of 
the fluid is critical to ensure that (1) partides and sediment do not collect between the measuring electrodes, and (2) no air 
pockets are trapped between the measuring electrodes. Both factors can adversely affect the measurement accuracy, Depend¬ 
ing on the electrode design, manufacturers usually provide recommendations. Ensure ihe sensor is clean before installation. 

After the sensor is immersed in the closed process, such as a piping system or tank, the sensor does not reguire removal and 
cleaning before a measurement If a temperature-eompensated measurement is used, then select the appropriate temperature- 
compensation algorithm. Otherwise, disable the temperaturę compensation. Although temperaturę stability is desirabie, it may 
not be possible depending on the temperaturę control of the process. Record the conductivity reading and the temperaturę, if 
necessary. 


At-line Measurement 

For at-line testing, a piece of tubing is used to connect the process vessel/piping to the sensor and its housing. The tubing 
should be cleaned or flushed with an appropriate cleaning agent to remove any impurilies that could alter the conductivity 
measurement. The tubing can be madę of metal or plastic depending on the application and Chemical compatibility. Installa¬ 
tion of the sensor into a housing permits fluid to be directed into the sensor and then to drain. Instaflation considerations are 
similar to those for in-line installations, Ensure the sensor and housing are dean before installation. 

After the sensor and housing are connected to the sidestream, the sensor does not require removal and cleaning before a 
measurement. If a temperature-compensated measurement is used, then select the appropriate temperature-compensation al- 
gorithm, Otherwise, disable the temperaturę compensation. Although temperaturę stability fs desirable, it may not be possible 
depending on the temperaturę control of the process. Record the conductivity reading and the temperaturę, if necessary. 

Other Considerations 

In a!l cases mentioned above, the use of abrasive materials to clean the sensor typically is discouraged. Two reasons to avoid 
abrasive cleaning materials are that (1) the passive layer of stainless Steel sensors (when used) can be destroyed, and (2) the 
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surface of the rneasurement area can affect the rneasurement accuracy* For these reasons, the use of appropnate chemicafly 
compatible fluids is preferred instead of mechanical methods for cleaning* 

Unlike the requirements for many electrochemical measurements, the need for flowing, rirculating, or agitating fluid is not a 
fundamenta! requirement for a conduclivity rneasurement, In generał, there is no difference in the conductivky rneasurement 
of a static or a flowing sam ple, but two conditions must be met for static samples: First, bubbles cannot be allowed to coliect 
on the measuring area of the electrodes because they can interfere with the flow of current conductivity rneasurement Sec- 
ond, if sample homogeneity is affected by the lack of agitation or circulation, then the conductivity rneasurement may not 
represent the conductivity of the bulk fluid. 

In alf tases, the instalfation of the sensor should take into consideration wali effects from the vessel, piping, or laboratory 
Container. If the proximlty of the wal! interferes with the electromagnetic field for the conductivity rneasurement, then the 
rneasurement could be positively or negativefy altered* Some 2-electrode sensor designs, such as coaxial concentric electrodes, 
are not affected by nearby objects. The sensor's installation mstructions may indicate if this must be considered. 

If unstable conductivity readings are ob$erved, some common causes could be inadequate grounding of the water system, 
electronic noise from pumps and other high-frequency generators, or intemal leakage of the sensor* Various diagnoslic ap- 
proaches are available and can help identify the cause. 


(1660) EVALUATION OF THE INNER SURFACE DURABILITY OF GLASS 

CONTAINERS 


PURPOSE 

This generał Information chapter provides information about factors that affect the durability of the inner surface of glass 
containers. Recommended approaches are provided to evaluate the potential of a drug product to cause formation of glass 
parficles and delamination of the inner surface. Screening methods are provided to detect glass parttcles and delamination, 
allowing a comparison to be madę of glass durability on a bt-to-lot basis or between different glass manufacturers. 

SCOPE 

This chapter addresses bottfes and vials manufactured by molding and ampuls, cartridges, vials, and prefillable syringes 
manufactured from tubing glass* Glass for pharmaceutical packaging is dassified as Type I boroslllcate glass, Type II treated 
soda-lime-stlioa glass, or Type III soda-lime-silka glass on the basis of the hydrolytic resistance of the glass, as defined in Con- 
tainers—Glass {660). Type I glass containers are suitable for most products for parenteral and nonparenteral use. Type I! glass 
containers are suitable for most acidic and neutral aqueous products for parenteral and nonparenteral uses, and can be used 
for alkaline parenteral products when stability data demonstrate their suitability, Type III glass containers usually are not used 
for parenteral products orfor powders for parenteral use, except when suitable stability test data indicate that Type III glass rs 
satisfactory* This chapter focuses primarily on Type I gfass, because it is the most widely used in the pharmaceutical and blo- 
pharmaceutical industry for parenteral products although the guidance can be egually applied to Type II and Type III glass 
used for parenteral products* 

The chapter should be useful for the foliowi ng: 

• Molded and tubular glass Container manufacturers and converters 

■ Pharmaceutical and biopharmaceutical companies 

■ Contract manufacturing and filling organizations 

Glass delamination may be described as the appearance of thin flexible flakes of glass (or lameflae) that can rangę in size 
from <50 pm to 200 pm in a drug product solution. This is a serious qualtty issue and can result in a product recafl. The ap¬ 
pearance of glass lamellae ts a lagging indicator of a strong interaction between the drug product and the inner surface of the 
glass* Although delamination is the most obvious visual indicator, it represents the finał stage of a complex glass corrosion re- 
action, and can be observed only at a point where prevention is no longer an option* Adding further complexity to detection, 
mechanlcal energy from shaking or vial-to-vial contact during transportation may be reguired to dislodge the lamellae from 
the interna! surface of a filled viai and facilitate obsen/ation* 

Tests for delamination combine the visuaf exammation of the solution, an examination of the vial's internat surface and anal- 
ysis of an aggressive test solution to assess the propensity of the interna! glass surface of vials to delaminate* These examina- 
tions and the use of an aggressive test solution are intended to be conducted by the pharmaceutical manufacturer, not the 
glass manufacturer or converter. 
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GLASS TYPES 

Class m its pure form consists of Silicon dioxide with a melting point in excess of 1700°. However, this is rarely used com- 
merdally because of the cost of worki ng at these elevated tempera tu res. Added network modifiers, such as sodium, potasslum, 
or boron oxide, lower the melting point and lower the Chemical durability, whereas added network stabilizers, such as cakium 
and aluminum oxides, improve the durability of the glass, Colored glass (e,g., amber glass) is produced by transition metal 
oxides such as iron oxides. Ali additive$ to pure Silicon dioxide, as well as Silicon itself, can be viewed as potentia! extractables 
from glass containers. 

Glass compositrom do not exist as stokhiometric Chemical compounds but rather are expressed by a rangę of compositions, 
Thus, there is allowable variation within a glass type, and glass types may vary slightly among glass producers, Soda-lime-silica 
glass consists of Silicon dioxide (60-75 wt%), sodium anc potassium oxides (12-18 wt%), and smaller amounts of calerum, 
magnesium, and aluminum oxides (5-12 wt%). This glass has a relatively high coeffreient expansion (COE) of 80-90 x 10~ 7 per 
degree and rs susceptible to breakage by thermic shock. Borosilicate glass consists of silica (65-80 wt%), boric oxide (7-13 
wt%), and smaller amounts of sodium, potassium, and aluminum oxides, The presence of boron provides greater resistance to 
thermal shock through a reduction in COE and to hydrolytic attack by rncreasing the connectivity of the glass network, Type I 
glass is available m multlple formulations; tubular glass is available with a Iow COE, described as 32-33 expansion glass and 
with a relatively Iow COE (rangę, 48-56 expansion), for examp!e 51 expansion glass, in reference to their lndividual COEs of 
32*5 x 10‘ 7 per degree and 51,0 x 10- ? per degree, respectively, Molded glass has a higher COE in the region of 60-63 expan- 
sion, 

FORMATION OF MOLDED AND TUBULAR GLASS CONTAINERS 

Formation of molded and tubular glass containers requires a number of steps. The quality of the Container used in packag- 
ing depends on the conditions and the guality control of each step, Both molded and tubular containers originate from a glass 
fumace, and different furnaces are dedrcated to borosilicate or soda-lime-silica glass, The refractory bricks lining the furnace 
deteriorate wlfh time and must be replaced, Worn bricks can contribute to cosmetic defects such as stones (Inclusions in the 
glass) Łhat become Incorporated into the molded glass containers or glass tubing. 

Molded glass vials and bottles are manufactured in a one-step process whereby a stream of molten glass is cut into a gob, 
which then enters a mold where air or tooling ts used to shape the Container to the mold. Formation of containers from tubing 
glass is a two-step process, Glass tubes of a specific diameter are formed from a stream of molten glass that exits the furnace, is 
cooled, and is sectioned into standard lengths. These tubes are subsequently converted into glass containers {ampuls, cartridg- 
es, syringes, or vials) by either the tubing glass manufacturer or by independent converters. lt is technically difficult to form 
glass tubing with a diameter sufficient to make bottles containing 100 ml or morę, so these containers are produced by mofd- 
ing* 

Gas flames are used to soften tubing glass to form the neck, to meit the glass to form the base of ampuls or vials, and to 
separate the Container from the glass tubę, In the case of cartridges and prefiilable syringes, the glass tubę is cut to length, and 
the ends are softened to form the nozzle and flange of the syringe and the neck and rear of the cartndge. Heating ratę, maxi- 
mum glass temperaturę, and production speed are critical parameters that can be adjusted for individual forming machines. 
After formation, both tubular and molded containers pass through an annealing oven (lehr) that heats the containers to 20° to 
30° above the transformation temperaturę (T g ) of the individual glass formufation (T g for borosilicate glass is approximately 
570°) and then gradually cools them in order to remove stresses in the Container due to the manufacturing process. This too is 
a critical process because poorly annealed containers show reduced Chemical and mechanical durability, 

The process of forming tubular vials and ampuls has an effect on the local surface composition of the glass. During forma¬ 
tion of the neck and particuJarly the base, the temperaturę of the inner surface of the containers can exceed the evaporation 
point of some of the glass components such as alkali borates* Under certa in time-temperature conditions, the glass can phase 
separate during forming, creating nonhomogenous surface chemistry on the interior of the Container, Both scenarios are unde- 
sirabie for the storage of aggressive liguids from a surface Chemical durability perspective. Evidence of this can be obtained by 
appropriately etching the glass with add, after which an opaque ring will appear above the heel of the Container, indkating a 
negative change in the inner surface chemistry, The same phenomenon can be observed at the shoufder of the Container as 
well, but in many instances this area does not experience prolonged contact with a liquid, 

PROCESSING OF MOLDED AND TUBULAR GLASS CONTAINERS 

At times, the inner surfaces of glass ampuls, vials, and bottles undergo additional treatments. As an example, heating glass 
propagates sodium oxide toward the inner surface of the Container, but washing with water does not remove sodium oxide 
because of the latter^s limited solubility. When glass is exposed to an aąueous soi u tion, sodium ions diffuse into the solu tion 
from the glass surface to produce hydroxide ions, resuking in an elevated pH in unbuffered Solutions. One common treatment 
is the use of ammonium sulfate which converts the sodfum oxśde on the inner surface to a depth of approximatefy 10-100 nm 
into highly soluble sodium sulfate that then can be remóved by washing, Although removal of sodium ions from the surface 
does reduce the propensity for pH shift, the treatment does remove structural elements, leaving a thin silica-rich inner surface 
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layer, The process originally was designed to ralse the surface hydrolytic resistance of Type III soda-lime-silica giass to that of 
Type II giass m order to mimie the hydrolytic resistance of Type I giass. This process also can be appiied to Type I giass. 

In sum mary, the key factors that influence giass surface durability of containers manufactured from Type I giass are primarily 
the manufacturing conditions, such as the forming temperaturę, the time of exposure to heat, and the annealing conditions. 
The temperatures used for subsequent steps are lower thai those used for forming and annealing (see Tobie 7), and do not 
pose an additional rtsk to the Chemical durability of the giass from phase separation or volattlization* Post-manufacturing oper- 
ations such as storage in humid conditions and processtng, such as depyrogenation in the presence of water vapor and termi¬ 
nal sterilization via autoclaving, can also impact giass surface Chemical durability* 


Table 1. Temperatures Encountered Puring Format!on and Processing of Type I Tubular Giass Containers 


Key 

Operations 

Typ i cal 

Temperatures 

o 

Furnace 

1500-1650 

Sectioning of tubę and base formation 

1300-1500 

Working rangę 

100(M 250 

Softening 

750-850 

Annealing 

550-600 

Depyrogenation rangę 

250-350 

Terminal sterilization 

110-1 30 


CLASS CONTAINER SOURCING 


A pharmaceutical manufacturer has a rangę of choices when selecting a giass Container for a drug product. These include 
the type of giass (I, II, or III), the production method (tubuiar or motded), surface treatments, as welf as the size and neck finish 
of the Container, It is important that the pharmaceutical manufacturers provide suffident information on their reguirements, 
such as the drug product formulation and the manufacturing and ftlling process, to allow the giass vendors to make informed 
judgments as to what containers to recommend, 

Pharmaceutical manufacturers should consider the upstream provenance of the containers they purchase in that they should 
have suffident knowledge of the giass manufacturing process and giass composition. This is essential to gualify a partieufar 
giass Container type from a giass manufacturer for a particular drug product. The following knowledge is useful in this regard: 

■ Class formulation 

* COE for Type I tubular giass (32-33 or 48-56 expansion) 

* Whether the giass converter makes its own giass feedstock or sources the giass feedstock from a third party 

* The manufacturing site for the giass containers, If multipfe sites manufacture giass containers for a glven product, Infor¬ 
mation to determine if the gfass containers madę at the different sites will perform comparably 

* Whether the giass surface has been modified through Chemical treatment such as ammonium sulfate by the giass manu¬ 
facturer or converten 

The ma ker and user of a giass Container should collaborate to assure that giass guality is monltored and maintained 
throughout the extent of the giass supply reiationship, Giass quality should also be monitored and inferred by the user 
through obsen/ations madę during storage throughout the product's use-by-date, The giass manufacturer and giass user quali- 
ty management programs should incłude the following: 

* Quality audits of giass supplier (giass manufacturer and/or converter) by the gfass user 

■ EstabJishing mutualfy agreed upon acceptable guality levefs for lots of giass containers 

» Monitoring and trending of the guality of giass batches, including but not necessarlly limited to, monitoring the values 
obtained by the Surface Giass Test in (660) 

■ Monitoring and trending of giass quality and giass manufacturing process performance by the giass Container manufac¬ 
turer, including the effectiveness of methods used during the manufacturing process of the giass Container to measure 
geometrie tolerances and identify cosmetic defects 

* Assurance that differences among different gfass manufacturing sites do not sJgnificantly affect guality of a spedfred giass 
Container sourced from multipie sites 

* Presence of a system to monitor and guality changes madę to the giass manufacturing process and to inform customers 
of such changes. 


CLASS SURFACE CHEMISTRY 

After manufacturers are assured of the quality and consistsncy of the giass containers they purchase, they can use the com- 
plex aqueous chemistry of surface giass to decide on potential drug product formulation and treatment steps that could in- 
crease giass stability* The first reaction between the giass surface and an aqueous phase (water or water vapor) invo!ves ion 
exchange between hydrogen ions (or hydronfum ions H 3 0 + ) from the agueous phase and alkallne ions in the giass (Equathn 
7), This ion-exthange occurs in a short reaction time in acidic or neutral Solutions, In basie Solutions, the reaction occurs at the 
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glass/water interface and dissolves the srlrca network. Further reaction of the siiica releases silicie acid mto the solution, thereby 
lowering the pH (Equation 2). These reactions result in hydration of the glass surface and an alkali-depleted, silica-nch layer, 

H* + Na ł SiO~ (glass) ^ SiOH + Na + 11] 

H 2 0 + Na*SiO" (glass) =* SiOH + Na* + GhT [2] 

The presence of water in the leachate promotes hydrolysis of the Si-0 bond forming a silica-gel layer (Eąuation J), 

H 2 0 + Si-O-Si o 2 SiOH [3] 

The mechanita! pro pert ies of the surface gel that forms are different from those of bulk glass, Repeated hydration and de hy¬ 
dration of the layer leads to the cracking of the gel layer and eventual generation of particles. This process is worsened as the 
gel layer inereases in thickness. This phenomenon is well known in glass exposed to ambient moisture (known as weathering), 
At higher pH values, the mechanism of glass degradation ehanges from the leaching of alkali eiements to the dissofution of the 
silicate network as shown in Eguations 4 and 5, 

Si0 2 + 2 H 2 0 H 4 Si0 4 [4] 

H 4 Si0 4 + OH"* H 3 S 1 O 4 ’ + H 2 0 [5] 

Reaction (j Eguation 5) inereases the solubNity of the silicie acid in solution, driving the reaction forward. At some point the 
limit of solubrlity is exceeded, and particles are formed via precipitation* If the solution is not buffered, a decrease in the solu- 
tion pH will take place, These reactions and scenarios apply only to the reactions of glass with water; the presence of drirg 
product formulations can complicate the situation considerably. 

FACTORS THAT INFLUENCE INNER SURFACE DURABILITY 

A number of factors have the potenlial to negatwely influence the Chemical durability of the inner surface of glass contain¬ 
ers, These factors indude glass composition, the conditions under which the containers were formed, subseguent handling 
and treatments, and the dryg product in the Container (Tobie 2). Not only can an aggressive drug substance corrode the inner 
surface, but excipients such as buffers, chelating agents and organie acids and high pH can also have a deleterious effect* For 
example, neutral Solutions of sodium citrale attack glass with a severtty similar to that of substantiafly alkaline Solutions, Organ¬ 
ie acids, such as gluconrc and malonic acids, also corrode glass through a proposed mechanism of an ion exchange reaction in 
which metal ions on the glass surface are replaced by hydrogen ions from the acid. Not all listed factors negatively influence 
surface durability to the same degree, and can contribute to delaminafion either acting alone or tn combination. Because of 
the rangę of variables, end users should examine all relevant variables for an tndividual drug product and assess the degree of 
risk for deiamination and formation of subvisible and visible glass particles. In some situations, the accumulation of risk factors 
may indicate that the selection of a glass Container for a particular formulation should be done folłowlng a predrctive screening 
study to establish morę stringent glass quality requEremenfs or may indicate that a glass Container should not be used for a 
formulation. 


Table 2. Factors That Influence the Inner Surface Durability of Glass 


Container Manufacture 

Container Processing 
and Storage 

Drug Product: 

Formulation, Processing, and Storage 

* Glass composition 

* Molded or tubular Container 

* Tu bul ar manufacturing process: 
— Converting speed 

— Converting temperaturę 

* Post-form arion treatments: 

— Ammonium sulfate 
—Washing 
—Depy roge na ti on 

• Storage conditions: 

— High humidity 

• Drug substance 

• Formulation: 

— Ac eta te, citrate, ph osp ha te buffers 

— Sodium salts of organie acids, e.g>, gluconate, malate, succinate, 
tartrate 

— High ionic slrength, e.g., >0.1 M of alkaline salts 

— Complexing agents, e.g>, EDTA 

— High pH, e,g,, >8.0 

• Terminal sterilization 

• Labeled storage conditions (refrlgerated or controlted room 
temperaturę) 

• Shelf life 


EVALUAT1QN OF THE INNER SURFACE DURABILITY 

Each lot of Type I, II, or III glass containers received by a pharmaceutical manufacturer must comply with the Surface Glass 
Test in chapter <660). This test provides an indication of inner surface Chemical durability but does not appear to provide a 
elear direct correlation with the propensity to form glass particles or to delaminate. The aJkalinity value represents the sum of 
all the internal surfaces of the Container, and although this is representative for molded containers, lubular glass vials can have 
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different degrees of surface Chemical durability, depending on the location (e,g., just above the heel versus the side wal!), A 
Iow surface alkaUnity value can be obtained from Container treated with ammomum suffate but the treatment itse!f may re- 
duce the inner surface Chemical durability, dependent upcn the drug product formulation used to fili the vial. The most impor- 
tant variable that affects the surface d urąb Hity is the drug product itself, and because it uses water as the extracting medium, 
the Surface Glass Test does not take this into consideration Therefore, the Surface Glass Test represents only a first step In qua li¬ 
ty control of surface Chemical durability, and additional screening methods should be used to demonstrate the suitability of 
vials for a formulation from a particular source before formal sta bili ty studies begln, 

Predictive Screening Methods 

Screening methods help evafuate glass containers from different vendors (molded or tubular), glass formulations (e.g„ 32- 
33 or 48-56 expanston for tubular glass), and post-formation treatments* Screening also establishes lot-to-lot variation from 
individual vendors during the drug development process, as well as lot-to-lot variations for products that have been shown to 
have a particular propensity to form glass particles or to ddaminate, Screening methods can use a number of different tech¬ 
nologie* to examine three key parameters: visual examination and Chemical profile of the inner surface layer, the amount and 
identity of extracted elements rn solution, and the number of subvisible and visible particles in solution. Taken together, these 
elements are assessed by predictive tests for formation of glass particles and delamination, processes that reflect reduced dura- 
bility, Predictive tests should bok for precursors that lead to delamination rather than looking only for glass lamellae, and 
should be able to quickly provide predictive mdication of surface durability. This makes the tests useful not just for vendor se- 
lection but also for evaluation of individuat lots rf necessary. Some of the morę commonly used analyticaf techniques for evalu- 
ating the three key parameters are shown rn Tobie J. 


Table 3- Analytical Technigues for Screening Studies 


Parameter 

Test Paramefer 

Instrumentation 


■ Degree of surface pitting 

* DfC Mlcroscopy* or EM b 

Glass inner surface 

* Chemical composition as a function of depth 

* SIMS C 


* Conductivity/pH 

■ Conductiwtty/pH meter 

Extracted elements In solution 

■ 5iO-» concentration 

• JC-MS d or ICP-OES® 


* Presence of Eamellae and visibfe particles 

* Yisual inspection 

Lamellae and v‘rsibie and subvisi- 

• Lamellae or particie number and size 

• Particie size analyzer 

ble gtass particles 

* Lamellae or particie morphology and composition 

■ SEM-EDX f 


1 Differential interference contrast mitrostopy. 
b Electron mkroscopy. 
c Secondary ion mass spectrometry. 
d lnduciively coupled plasma-mass speelrometry, 
e lnductively coupled plasma-optical emrssron spectrometry. 

1 Scanning efectron microscopy-energy*di5persive X-ray spectroscopy. 

Aggressive Screening Conditions 

In selecting an appropriate primary glass Container for pharmaceuticaf liquids, analysts should consider two approaches, The 
first is a series of accelerated temperaturę exposures using aggressive conditions that establish, in rank order, the Chemical du¬ 
rability of the Container without any specific reference to a given compound. Such testlng can be helpful when selecting a 
packaging system for which the most chemically durable glass is desired. This testing also can be helpful in determming if 
changes in glass guality have occurred or in assessing processing changes that have been madę by the primary Container man- 
ufacturer. Tobie 4 provides three examples of model systems that could be used for this assessment Other model systems may 
be developed by the end users. 


Table 4 , Formulations and Conditions Used to Accelerate Delamination 





20 mlVI 


0,9% KCI 

3% Sodium Citrate 

Glydne 

Formulation 

pH 8.0 

pH 8,0 

pH 10.0 

Conditions 

1 h at 121° 

1 or 2 cydes 

24 h at 80° 

24 h at 50° 


Screening Strategy for Drug Products 

Indicators include the appearance of a pitted, fractured inner surface particularfy around the heel of the vial instead of a 
smooth surface, as well as a number of changes in the test solution, especialły increases in SiO^ concentration, the number of 
subvisible particulates in the solution, and a change in pH. 

If the purpose of the glass screening is to detemnine the suitability of a given glass Container for a specific product, the test¬ 
ing proposed in Table 4 is insuffieient The exposure conditions are too harsh and do not provlde a direct link to the product 
Itself. In these instanees, accelerated conditions are stlll relevant, but they must link to the relevant conditions for the given 


General Chapters 














General Chapters 


2012 <1660) Durability of Class Containers / General Information 


USP40 


product, For exampfe, rf a product will be stored at 5° and the appropriate accelerated conditions are 30°, then testing should 
occur at 30°, Many products or formulations can not withstand the elevated temperatures or high pH shown in Table 4. In 
addition, false positive testing results could be obtained because the unusually high temperatures shown in Table 4 couid 
cause signs of deiamination, but moderate exposure at 30° would produce no evidence of glass incompatibility, 

Because lower temperatures are required for actual product testing, the duratkm of testing must be longer, ranging from 
weeks to months. A larger number of vials also is appropriate for this scenario because the goal of the testing is to ensure the 
results are representative of the guality of the glass that will be used for the drug product Table 5 shows some of the condi¬ 
tions that could be used for testing with a spectfic product. 


Table 5. Screenlng Strategy for Class Vials 


Stress Test 

Waler Contro] 

Drug Product Contro] 

• Vrals: washed, depyrogenated 

* Filled with Stress Test sol u ti on 

■ Accelerated time and temperaturę treatment 
conditions 

* Vials: washed, depyrogenated 

* Filled with Water for Injection 

• Autodave if appltcable to Drug ProducL 

• Acce3 era te d D ru g Prad u c t s tab i li ty s torage 
conditions 

* Viats: washed, depyrogenated 

* Filled with Drug Product 

* Autoclave if applicable 

* Accelerated Dmg Product sta bi lity sto ragę 
conditions 


CONCLUSIONS 


Evaluation of the interna! surface of glass containers begins with the Surface Glass Test , which uses water as the extracting 
medium, A Iow value is not always an indicator of a durable inner surface if the results are obtained using surface treatments 
{e,g„ ammonium sulfate). Such treatments can lead to a silica-rich inner surface layer that represents a weakened glass struc- 
ture, and risk of deiamination increases when the viai isfilled with formulations that contain aggressive agents such as organie 
acids, EDTA, or Solutions that have high ionic strength or high pH, The screening methods and strategies described in this 
chapter can assist in the evaluation of glass containers from different suppliers or on a lot-to-lot basis and can provide an indi- 
cation of the propensity of the selected formulation to cause deiamination over time, Selection of glass vials intended to con¬ 
tain a drug product with one or morę of the formulation risk factors identified in Table 2 should undergo particular scrutiny. 


<1661) EVALUATION OF PLASTIC PACKAGING SYSTEMS AND THEIR 
MATERIALS OF CONSTRUCTION WITH RESPECT TO THEIR USER 

SAFETY IMPACT 

INTRODUCTION 

Drug products can chemleally interact with their assodated packaging systems and/or the systenfs plastic materials and 
components of construction while the product is being manufactured, shipped, stored, and administered. The magnitude of 
these interactions must not be such that the interactions adversely affect the suitabiiity for use of the drug product or the pack- 
aging system, While suitabiiity for use indudes several guality aspects of the packaged drug product and its performance, the 
suitabiiity for use aspect addressed in this chapter is patienl safety. 

The potential patient safety impact of interactions between a drug product and its packaging is assessed and established via 
the appropriate testing of the packaging systems and its materials and components of construction. Plastic Packaging Systems 
and Their Materials of Construction (661) establishes the tests and specifications that are necessary and appropriate for ensuring 
that such systems are suitable for use, specificaliy safe for use, Chapter <661) consists of two sub-chapters, Plastic Materials of 
Construction (661,1) and Plastic Packaging Systems for Phamaceutkal Use (661.2). 

SCOPE 

The purpose of this chapter is to communicate the key concepts behind (661) and its related sub-chapters, (661.1) and 
(661,2), and to provide additional information and guidance regarding the application and applicability of this set of chapters. 
Given the large and diverse naturę of the pharmaceutieal marketplace, the proper use and application of the (661) suitę of 
chapters may not be intuitive to some stakehoiders. Therefore, this chapter is intended to assist users in understanding and 
uti Iizi ng these chapters. 
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GENERAL PRINCIPLES 

The Overall Assessment Proeess 


The objective of USP packaging systems standards is to establish the tests and spedficalions that ensure packaging systems 
do not materially Impact the safety or effectiveness of pharmaceutical products. Given the comple* naturę of packaging Sys¬ 
tems and their manufacturtng and development processes, multiple testing procedures are needed to establish their suitability 
for use with a spedfic pharmaceutical product. The logical development and manufacturing proeess progression for packaged 
drug products, starting with the packaging systenfs materiafs of construction, continuing wrth the packaging system itseff, 
and ending with the packaged drug product, forms the basis of a three-stage approach to packaging systems quaMtation, as 
illustrated in Figurę 1. 



Materiał Assessment: Characterization, Screening and Selection 


Characterize materials of construction, and determine that they are 
appropriate for their application; USP <66 1. 1> 


Packaging System Assessment and Oualification 


Test packaging system for extractables and assess the 
potential safety impact of the extractables profile; 

V USP <661.2> with reference to <1663> i 


Product Assessment and 


Oualification 


Test the packaged product for 
leachables, and assess the 
potential safety impact of the 
leachables profile; 
k USP<66\2> with j 
\ reference to < 1664> / 


Figurę 1 * The three-stage proeess for the characterization and safety qualification of packaging systems and their materials of 

construction* 
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The proeess for establishing a packaging system's suitabillty for use indudes: characterization of its materials of construction 
(mgredients); testing and assessment of the system itself (ex trać ta bies); and testing and assessment of the packaged pharma- 
ceutical product (leachables). The initiaf step of the proeess involves chemtcally chara cterizing candidate materials of construc¬ 
tlon to the extent that the choice of materials to use in the construction of a packaging system can be rationalfy madę and 
sdentificaJly justified. The Intermediate step of system assessment is useful and necessary as it bridges the risk assessment gap 
between testing starting materials and testing finished product, while providing a means for optimizing pharmaceutical prod¬ 
uct testing. The intermediate test is necessary as materials of construction undergo considerable stress, such as exposure to 
high temperatures, while they are being converted into either components of the packaging system or the packaging system 
itself. Furthermore, processing aids and additronal additives may be introduced during the manufacturing proeess for a pack¬ 
aging system, Thus, the extra eta bies profile of a system is Itkely to be different from, and potentialiy morę compiex than, the 
sum of the extractables profiles of its materials of construction, Therefore, the initial assessment of risk madę in materiał seiec- 
tion rs appropriately revisited by testing and ąualification of the overalf packaging system itself. 

Ultimatefy, the effect that packaging may have on the drug product user is mediated by paekaging-derived substances that 
are present in the drug product. The third stage of the proeess is product assessment, specifically leachabfes testing of the 
packaged product and impact assessment, whieh considers the user's exposure to the leachables, 

Materials Assessment: Characterization, Screening, and Seiection, USP <661.1) 

To ensure that a packaging system is suited for its intended use, it is important to select materials of construction which are 
suited for use in packaging systems. Testing and characterzing materials of construction for attributes relevant to their suitabil- 
fty provides a rational basis for materiał seiection in design ng a packaging system, The intentional seiection of weII-character- 
ized materials mmimizes the risk that a system madę from those materials will be unsukable. Considering safety specifically, 
seiection of materials that have the tendency to be safe inereases the likelihood that packaging systems madę from those ma¬ 
terials will be safe, Therefore, the characterization of materials of construction is the first step in the proeess of developing and 
qualifying safe packaging materials. Additionalfy, Chemical characterization data may also provide the basis for effective and 
appropriate change contro!. 

The intent of (661.1) is to estabiish, with a degree of confidence, whether pofentiaf materiał candidates could adversely af- 
fect the guality and safety of pharmaceutical produets. The basie tenet of materials assessment, as reflected in (661,1), \s that 
knowing the generał composition and certain generał characteristics of a materia! of construction allows one to: 

* Rationally assess the potential safety impact of the materials with a degree of certainty that is appropriate for early prod¬ 
uct deve!opment and/or manufacturing. 

* forecast with some degree of accuracy the identity of the extractables from that materia! of construction and from Sys¬ 
tems that use that materiał of construction. 

* Use the assessment and forecast to establish and justify the use (or non-use) of a particular materiał in a particular packag¬ 
ing system. 

To this end, (661.1) defines a well-characterized materiał of construction as one whose: 

* Identity has been definitively established. 

* Biocompatibility (brological reactivity) has been established. 

» General physicochemical properties have been established. 

* Additives and extractable metals have been quantified, 

Chapter (661.1) testing is not a guarantee that plastic systems constructed from materials meeting (661.1) specifications will 
be suitable for their intended use as it is not always the case that testing of a systeuTs materials of construction directly and 
completely correlates with subsequent testing of the plastic system. Characterization of a materiał using <661.1) merely estab- 
lishes the composition or characteristics of the materia! and enables the deciston as to whether the materia! is an appropriate 
candidate for use in a packaging system. Nevertheless, <661.1) testing leverages the logical connection between materiał addi- 
tives, materiał extractab!es, and system extractables, and thus provtdes a useful indication of the probable suitability-for-use 
issues for materials and systems. The actual qualifkation of the materiał occurs when the entire system is gualified for use in a 
particular application via (661.2) testing. 

Packaging System Assessment and QuaiificatJon, USP (661.2) 

The impact of packaging systems on the Chemical composition of packaged drug produets can be established in Lwo ways. 
The packaging system itself can be characterized with respect to substances that can be extracted from it (extractable$), Sec- 
ondly, the packaged drug product can be tested for packaging-derived substances that have leached into it (leachables), In the 
case of extractables assessment, the impact is predicted based on a relationship which is established (or inferred) between ex- 
tractables and leachables. In the case of leachables assessment, the impact is specifically measurabie, assummg that aII the rele- 
vant leachables can be discovered, tdentified, and quantified in the packaged product In either case, (661,2) establishes the 
tests and specifications for the packaging system, whife referring users to relevant Informationa! chapters (e.g., Assessment of 
Extractables Associated with Pharmaceutical Packaging/Qelivery Systems (1663) for extractables and Assessment of Drug Product 
Leachables Associated with Pharmaceutical Packaging/Delivery Systems (1664) for leachables) for insights on how to design and 
execute relevant studles. 
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Considering the packaging system as the test artide, the intent of (661.2) is to define and delineate the testing needed to 
produce the data required for establishing the packaging systenYs safety. Chapter (661.2} refers to this process of establishing 
the safety of packaging Systems as Chemical assessment and notes that a packaging system is chemically suited for Its intended 
use ifi 

* The packaging system is constructed from well-characterized materials, as established by testing according to (661.1). 

° The packaging system's generał physicochemical properties have been estabEished. 

* The packaging systenYs bfocompatibflity (biological reactivlty) has been established, 

s The packaging system has been established to be safe by means of the appropriate Chemical testing and toxico!ogical 
assessment, 

* The packaging system is chemically compatible with the packaged product, established by appropriate compatibiEity 
assessments (e.g., stability studies). 

Considering the fourth bullet point, (661.2} notes that appropriate chemicat testing includes performing extractables test¬ 
ing, leachables testing, and the relevant toxicological assessment of the extractables and/or leachables results. In addition to 
being the basis for toxrcologlcal safety assessments, information about a packaging system r s extractables can be used in several 
ways to optimize finished product testing for leachables, The potential guality and/or safety or impact of extractables may fa- 
cilitate Identification of leachables that might adversely affect product quality. Such leachables of potential concern would nec- 
essarlly be among the targeted analytes in testing of a finał pharmaceutical product within its packaging system. The targeting 
of specific leachables, as opposed to the screening of pharmaceutical products for unspecified leachables, has significant ana- 
lytical benefits, includlng the ability to develop, validate, and utilize test procedures that are appropriately sensitive, specific, 
and accurate, Further, extractables (and their accumulatfon !evels in extracts) can be used to forecast the levels of leachables in 
the finished product, depending on how well the exlraction conditions mimie the pharmaceutical product's composition and 
actual conditions of clinical use. If the extractlon conditions are such that they accelerate and modestly exaggerate the pro- 
duct's clinical use conditions, then the extractab!es and their leve1s In the extracts can be extrapolated to estimate the maxi- 
mum levels of leachables in the finished product. Additionally, if such extractables are assessed for their safety or guality im¬ 
pact, the results of that assessment can also be extrapofated to, and deemed to be relevant for, the pharmaceutical product 
Finally, if no adverse impact is found based on the extractab!es data, then no adverse impact can be inferred for the leachables 
in the packaged pharmaceutical product Consistent with certain regulatory guideilnes, leachables studies may not be reguired 
when extractables studies establish the maximum amount of indMdual leachables that may be present In Lhe active substance/ 
medicinaf product and when such maximum levefs have been demonstrated to be toxicoiogically safe. However, should a 
leachable study be deemed to be unnecessary, a justification should be provided. 

APPL1C ABILITY AND APPLICATION OF (661,1) 

Applicability 

1. The holder of the drug product application and drug product manufacturer [in the case of many over-the-counter prod¬ 
ucts (OTCs), where there is no application] bear primary responsibility and accountabillty for ensuring the requirements of 
the chapter are met. The means by which the holder of the drug product application and drug product manufacturer 
obtains information to meet the requirement is at the discretion of the holder. 

2. The testing required and specifications for materials of construction contained within (661.1) are relevant to and applica- 
ble for ail drug dosage forms, as it is the universal expectation that packaging materials be constructed from well-charac- 
terized materials, regardless of the potential interaction between a dosage form. However, the use of risk-management 
principles and concepts to address the potential product safety rlsk associated with leachables (and extractables as poten¬ 
tial leachables) is a cornerstone of gfobal regulatory and industry thinking on this topie. Industrial scientists and regulators 
agree that the concepts and principles of risk management have a definite strategie role in terms of designing, imple- 
menting, and interpreting effective and effident assessments of extractables and/or leachables. Overslmplrfying some- 
what, it is well-established that risk-management tools and principles can be used to define the naturę and magnltude of 
assessment (including testing), where low-risk situations regulre reduced or alternate assessment (testing) versus high-risk 
situations. Thus, as noted in its Tahles 7 and 2, (661.1) estabiishes biological reactivl£y and Chemical tests that differ some- 
what for low-risk dosage forms (such as orał and topical) versus high-risk dosage forms (such as inhaladon and injections). 
Moreover, an essential principle reflected in (661.2) is that packaging systems be tested for extractab!es and that the ap- 
proach be consistent with the naturę of the interaction between the drug product and Its packaging. This includes con- 
sideration of the drug product contact condltion (e.g., !iqutd vs dry) and the potential Interaction between Lhe dosage 
form and its packaging system. By referencing (1663) for extractables testing, (661.2) provides the means by which ex- 
tractables studies rdevant for specific dosage forms can be designed, implemented, and interpreted. By ailowing for study 
designs that ref lec t the naturę and clinical use of various dosage forms, (661.2) supports and uses hsk-based strategies 
and assessments. 

3. The outeome of (661,1) testing is that the tested construction materiał has been well-characterized. Characterization data 
generated during (661.1) testing can be used to support decisions on the proper use of the tested materiał. However, the 
characterization data does not specificafly or universal y qualify the materia! for use in packaging systems, as the materiale 
use can vary depending on the packaging applications. It is the responsibifity of the developer or user of the tested matę- 
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rial to decide if the materia! is appropriate for their intended appfication. Thus, it is the developer's or user's expert review 
of the (661*1) test results, coupled with additionał Information as necessary and appropriate, that establishes whether a 
well-characterrzed materiał is suitable for use in a specific application* 

Alternatively, the outcome of testing plastic packaging systems via (661*2) is an assessment of the probabie safety impact 
of that system on the packaged drug product* This assessment is based on the biological reactivity testing, the physioco- 
chemical testing, and the extractable/leachables testing that are required by (661.2). Thus, a packaging system that has 
been tested per (661.2) and which meets the specifications contained with i n (661*2), including a toxlco!Qgical safety as¬ 
sessment of the extractables and/or leachables data, is qualif1ed for use consistent with the conditions under which it was 
tested, subject to review by the appropriate regulatory authority. 

4, There are two means for demonstrating a materiał of construction has met the requirements of (661.1)* The first means js 
direct testing and meeting the reguirements in (661.1)* The second means is the use of the materiał with a currently ap- 
proved finished drug product 

5* Application of (661.1) and (661.2) to materials of construction or systems other than packaging Systems for finished drug 
products is beyond the scope of these chapters, but the concepts and principles of these chapters may be applteable and 
relevant to other systems (and their materials for construction) such as medteal deyices for drug product administration, 
manufacturing systems for pharmaceutical products, and packaging/storage systems for drug substances. It is the expect- 
ation that futurę compendial chapters will be devefoped to address these other pharmaceutically important systems. 

6. The scope of (661.1) is materials of construction and of (661* 2) is packaging systems. A third type of test artide, compo¬ 
nents, is not directly considered in the Scope of elther chapter. In this context, a component is defined as an individual 
part of a packaging system and is constructed from one or morę matenaEs of construction. Thus, a plastic bag consisting 
of a laminated film is considered to be a component of the packaging system that includes the bag. 

Since a component is constructed from materials and is part of a system, if component testing is deemed to be necessary, 
the relevant testing and specifications for the component are contained within (661.2). The provislons in (661.2) for pack¬ 
aging systems must be met for components whose testing has been deemed to be necessary. The component must be 
constructed from materials that meet the requirements of (661,1) and the component must be tested by the methods, 
and meet the specifications, contained in (661.2). 

7* Testing of materials of construction via (661.1) is predcated on the circumstance that the materiał wifl most likely interact 
with the packaged drug product when the materia! is used in a packaging system. \t is not necessary for a materiał used in 
a packaging system to be weH-charaeterized if there is little or no chance of the materia! and the packaged drug product 
interacting. Under these conditions the materials of construction would be considered non-interacting and wouEd be ex- 
emptfrom (661.1) testing, The designation of a materiał of construction as "non-interacting" must be accepted by the 
appropriate regulatory authority. 

Although it is beyond the scope of (661.1) to establish the means by which a materiał of construction is established as "non- 
interacting", it is relevant to differentiate between the potentially similar terms "no direct contact" and "non-interacting", 
where the term "no direct contact" means that the materiał and the packaged drug product do not come into direct physical 
contact under the clinical conditions of use. Although it may weil be the case that in a specific application a "no direct con¬ 
tact" materiał of construction is also a "non-interacting" materiał of construction, it may ałso be the case that "no direct con¬ 
tact" does not insure "non-interacting", especialły when the conditions of contact include long durations and/or substantialiy 
elevated temperatures. 

To explain the concepts of "no direct contact" and "non-interacting", consider the folfowing example. An aqueous drug 
product is packaged in a flexible plastic Container, The flexiole Container is further placed in a foEl overpouch. The over- 
pouehed product is terminaify steriiized. An adhesive labeł is applied to the outside of the foil overpouch after the product unit 
has been cooled after terminal sterilization. 

In this case, both the foil overpouch and the label are "no direct contact", as there is at least one physical barrier (the prf- 
mary Container) between the packaged drug product and these two items. However, If the fiexible plastic primary Container is 
permeable, the foil overpouch can be considered to be a "potentially interacting" component, as substances from the over- 
pouch couid migrate through the primary packaging, especialły under the high-temperature conditions of terminal steriłiza- 
tion. On the other hand, the fabel is a "non-interacting" component because (1) the foil overpouch is tmpermeable and (2) 
the Eabel is applied after the thermal stress assodated with terminal sterilization. 

Thus, the difference between a "potentially interacting" and "non-interacting" "no direct contact" component is the perme- 
abllity of the barrier that separates the "no direct contact" components from the drug product If the barrier is incompEete, 
then the component (and its materials of construction) is "potentially interacting" and the materials must be tested per 
(661.1)* If the barrier is complete, then the component (and its materials of construction) is "non-interacting" and the materi¬ 
als need not be tested per (661.1). 

Application 

1. There are two means of demonstrating that a materia! of construction has met the reguirements of (661*1). The first 
means is to perform the testing contained within (661,1) and meet the specifications in <661,1 )* The second means is the 
use of a materia] in the packaging system of a currently approved finished drug product. Speciftcally, (óól.l) States "indi- 
vidual plastic materials of construction are deemed to be weH-charaeterized and appropriate for use if they are used in a 
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packaging system that meets the reguirements in <661.2) or if the packaging system has been deemed appropriate for 
pharmaceutlcaE use by the appropriate regulatory authority". However, it is noted that such a conclusion is oniy valid for 
the spedfic packaging system meeting the reguirements of <661.2) and cannot be extended to other packaging systems 
using the same materiał (or materials) of construction. If the same materiał of construction is used in another packaging 
system, then its surtability for use In that packaging system must be established. 

2. The outcome of (óól.1) testlng is that the tested materia! of construction has been well-characterized. Characterization 
data generated during <661.1) testlng can be used to support decisions on the proper use of the tested materiał. Howev- 
er, the characterization data do not spedfieally or universa!ly guafify the materiał for use in packaging systems, because 
the materEafs use can vary depending on the packaging appfications. Alternatefy, the outcome of testing plastic packag¬ 
ing systems via (661.2) is an assessment of the probable safety impact of that system on the packaged drug product. This 
assessment is based on the blologlcal reactivEty testing, the physicochemical testing, and the extractables/teachables test¬ 
lng that are regulred by (661 2 ). Thus, a packaging system that has been tested per (661.2) and which meets the specifi- 
cations contained wlthin (661.2), Ineluding a toxicological safety assessment of the extractab1es and/or EeachabEes data, is 
gualified for use conslstent with the condltlons under which Et was tested, subject to approval by the appropriate regula¬ 
tory authority. 

3. The Identification tests reguired En (661.1) serve the purpose of categorlzEng a materia! so that it Es properly tested and 
evaluated againstthe appropriate spedfications, The spedfications for Identification are based on a comparison of the test 
result obtained for the test materia! versus the relevant Reference Standard. This comparison is based on the concept of 
substantial equiva!ence as opposed to exacting quantitative specificatlons. Establishing substantiai equivalence requfres 
that the test results and test materia! versus Reference Standard be judged to be equiva!ent Aithough the individua! speci- 
fications for the indivrdual materials contained in (661.1) may indude informatEon that is relevant to establishing substan- 
ttal equivalence, this Information In and of itseff is notdeemecl to be a specification. For example, aithough the Enfrared 
(IR) Identification spedfications may indude wavenumber targets, these targets are not spedfications but rather serve the 
purpose of establishing the expected generał characteristics of the IR spectra, An Identification test is deemed to have 
been successfully completed if the anaiytical resufts obtained for the test article and the appropriate Reference Standard 
are substantlally equivalent, and where all differences between the test results for the article and the Standard are ex- 
plafned by the naturę, processing, and/or composltion of the test article, 

4. Establishing the potential safety impact of a materia! of construction cannot rely on a single testing strategy, as no single 
testing strategy is sufficient to EdentEfy all potential safety-Empacting attributes of a materiał. Thus, the Chemical testing 
proscrlbed in (661.1) Es orthogonal: physicochemical tests provide a generał overview of extracted substances; extractable 
metals tests address potential sources of elementa! impurities; whEle plastic additives tests address potential organie ex- 
tractables. It is also the case that Chemical testing alone may not demonstrate ali potential safely-impacting attributes. 
Thus, Chemical testing is augmented by the orthogonal approach of establishing biologlcaE reactivity. 

5. A welkcharacferized plastic materia! Es tested for its extractab!e Eevels of all metals that are known components of the plas¬ 
tic materiał. They could originate from the startlng materials used to manufacture the plastic materiał, reagents used in 
the manufactunng process (e.g., catalysts), and from additives present in the plastic materials. Such metals are termed 
"rdevant metals". Additionally, materials are tested for metals that are specEfied En other compendiat documents as being 
relevantfor plastic materials. Lastly, materials are tested for metals that have been deemed to be elemental impurities that 
are applicable to all drug product dosage forms regardless of whether the source of the elemental impurities Es Entention- 
ally or unintentionally added to the drug product, its fngredients, or its packaging system. 

6. Extractable metals reporting thresholds contained within <661.1) are not to be construed as lim its. Rather, the reporting 
thresholds establish the convention for reporting extractable metals results. In this regard, the USP specification for ex- 
tractabte level$ is not that they be below a certain limit, but rather that they be reported as specified in <661.1). 

7. It may be that not all of the re!evant metals for a particular materia! of construction are specEfied En (661.1), and that 
same re!evant metals become known by another means (for exampfe, vendor certification). All relevant metals, regardless 
of their inclusion In (661.1), must be tested for. Procedures for relevant metals that are not specified En <661.1) must be 
established and should be consistent with the procedures used for metals that are specified En (661.1). Spedfications must 
be established for relevant metals that are not specified in (661.1); such spedfications should be consistent with the speci- 
ficataons established for metals that are specified in (661.1). 

8. Extractab!e metals testing described in (661.1) is required for alf materials of construction used in packaging systems, re¬ 
gardless of whether the materiał is specified in (661.1). Extractab3e metals test procedures for materials that are not speci¬ 
fied in <661.1) must be established and should be consistent with the procedures used for materials that are specified in 
(661.1). Extractable metals spedfications must be established for materials that are not specified in <661.1); such spedfica¬ 
tions should be consistent with the specificatlons established for materials that are specified En <661.1). 

9. The listing of spedfic extractable metals in <661.1) is not meant to limit materia! sponsors or users who may seek to estab¬ 
lish the !evel of extractable metals other than those specified En (661.1). This may be the case, as additional extractable 
metals may be applicable to certain dosage forms and as the anaiytical methods that may be applled to extractable met¬ 
als analyses could routinely supply data for extracted metals other than those specified in <661.1). In cases where individu- 
al sponsors obtain test results for extractable metals other than those specified In (661.1), Et is expected that such addt- 
tional exfractable metals wouid be reported En the manner specified in (661,1) for those extractabłe metals that are speci¬ 
fied En (661.1). 
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10. The plastic additives testing described in (66 1.1) is required for ai! matenals of construction used En packaging systems, 
regardless of whether the materiał is specified in (661.1), Procedures for materiab that are not specified in {661.1) must 
be established and should be consistent with the procedures used for materiab tliat are specified in <661.1), Specifications 
must be established for materiab that are not specified in <661,1); such specifications should be consistent with the speci- 
fications established for materiab that are specified in {661.1), 

11. It is the responsibifity of the user of matenals that are not currently listed in {661.1) to: (a) deve[op those tests methods 
and specifications that are reguired per the points noted previously; (b) justify those test methods and specifications^ spe- 
cificalfy considering their consistency with test methods and specifications that exist for matenals that are currently listed 
in {661.1); and (c) possess the test results obtained when the materia! is tested, in actordance with the tests outlined in 
the points noted previously. 

12. Additlonally, it is possible that matenals specified in the chapter may contain additives that are not addressed in {661,1), 
These materiab must be tested for such additives. Procedures for aclditives that are not specified in {661.1) must be estab¬ 
lished and should be consistent with the procedures used for materiab that are specified in {661.1), Specifications must 
be established for additfves that are not specified in (661.1); such specifications should be consistent with the specifica¬ 
tions established for materiab that are specified in {661.1), 

1 3. The sole purpose of the tests for plastic additives is to establish which additives are present and to ensure that the leveb of 
these addrtives are known. Thb information is relevant because additives are ty pica! ly a source of extractables and leacha- 
bles. 

14. The recommendation of specific tests, test methods, and test parameters In <óól .1} does not predude the use of other 
suitable methods, procedures, or parameters, but the conditions presented in (661.1) take precedence for official purpo- 
ses. Altemative test methods and conditions must be demonstrated to be suitabje by means of appropriate and sufficient 
validation data. Important aspects of alternative methods include the completeness of the extraction process and the spe- 
dficity, sensitfvity, and applicability of the anaiytical test methods. Extraction methods employed must have a demonstra¬ 
ted abrIEty to quanhtatively transfer additives from the materia! to the extracting medium and must do so without modify- 
ing the Chemical naturę of the additive uniess such modificatlon is an integral part of the test methodology, Test methods 
employed must have equivalent ability compared with the test methods contained in (661.1) to produce a elear and un- 
ambiguous identification of alf re!evant additives at Ieveb at least as Iow as the levels specified in (661.1). 

15* Point 14 notwithstanding, the substitution of alternate tests for those that are required by (661.1) b not appropriate. 

Thus, for example, substitution of an oxidixable substance test for the Total Organie Carbon test specified in Physhchemical 
Tests is not appropriate. Additionalfy, substitutions for specifications that exist in (661.1) are not allowed uniess justified 
and are subject to approva! by an appropriate regulatory authority* 

16. In at least two places (Extractable Metals and Plastic Additives), (661.1) reguires that materiafs be tested for all relevant ana- 
lytes, Oeariy, an analyte will be present in a materiał if it is intentionaily or knowingly added to the materiał during Ets 
production or if testing of the materiał has revealed the analyteb presence. While test methods induded in (661,1) may 
be of sufficiently broad scope to detect all relevant metab or additives, this is not afways the case and one cannot rely on 
the methods to reveal all relevant ana lytes. It may be the case that the materialb vendor has knowledge that may be un- 
available to the materialb user, which is germane to establishing relevant analytes. Thus, it is reasonabJe to expect that 
materia! vendors and users work together to produce a complete and robust list of relevant analytes. It is particularly im- 
portant that a materiats vendor inform the materiafb user when it is elear to the vendor that the user has missed a rele- 
vant analyte in the userb testing. 

It is reasonabEe to antlcipate that there may be some information that the yendor is not in a position to share with a materb 
al's user. Nevertheless, it is in the interest of both the vendor and the user that a materiał be well-charactenzed and that the 
characterization include all relevant analytes, Thus, it is strcngly recommended that the vendor and the userfind a means of 
establishing all relevant analytes. For exampJe, consider the case of extractable metals. While it may be the case that the mate¬ 
riał vendor would decline to share detailed information about the use of a zinc-containing reagent in the preparation of a 
materia!, it is adeguate for the purpose of materiał characterization for the vendor to communicate that zinc should be a targe- 
ted analyte. 

Description of Polymers Contained in (661 *1) 

POLYETHYLENES 

High- and low-density polyethyfene are long-chain ethylene-based polymers synthesized under eon troi led conditions of heat 
and pressure with the aid of catalysts from NLT 85,0% ethylene and NIT 95.0% total olefEns. Other olefin ingredients that are 
most freguently used are butene, hexene, and propyfene, Low-density polypropyfene (LDPE) contains many long-chain 
branches along the polymer backbone, preventing the alignment and pacldng of the chains and thus forming a low-density 
materiał. Linear low-density polyethylene (LLDPE) contains several short chains afong the polymer backbone that prevent the 
alignment and packing of the polymer chains, thus creating a poor crystalline materiał. High-density polyethylene (HDPE) con¬ 
tains relatively few side chains, allowing the polymer backbone to alfgn and pack together, thus forming a crystalline, high- 
density plastic. High-, Iow-, and linear low-density polyethylene all have an IR absorption spectrum that is distinctive for poly¬ 
ethylene, and each possesses characteristic thermal properties. High-density polyethylene has a density between 0.941 and 
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0,965 g/cm 3 , Low-density po]yethy!ene has a density between 0,850 and 0,940 g/cm 3 * Additives are added to the poły mer in 
order to optimize its Chemical, physical, and mechanical properties, thereby rendering it suitable for its intended use, These 
additsves may include nudeating agents, darifying agents, antioxidants, colorants, fubricants, antiblocking agents, and others. 
These additives typically are present indivlduafly in the polyethylene at levels ot 0,01 to 0.3 weight %, and the total levels of 
the antioxidants typicaily are less than 0.3%, Other additives, spedfically amides and stearates, typicaily are present in poly- 
ethylenes individuafly at levels of 0,5 weight % or less. Polyethylene materlals that proyide light protection can eon tai n as 
much as 4% by weight titanium oxide. 


POLYPROPYLENE 

Propyfene polymers are long-chain pofymers synthesized from propylene or other olefins, for example, ethylene or butene, 
under controlled conditions of heat and pressure with the ald of cataiysts* A certain number of additives are added to the poły- 
mer in order to optimize its Chemical, physical, and mechanical properties, thereby rendering it suitable for its Intended use. 
These additives may include nudeating agents, darifying agents, antioxidants, colorants, [ubricants, antiblocking agents, and 
others* These additives typicaily are present individually in the polypropylene at levels of 0,01 to 0,3 weight %, and the total 
!evels of the antioxidants typicaily are less than 0.3% polypropylene that provides light protection can contain as much as 4% 
by weight titanium dioxide. 

CYCLIC OLEFINS 

Cyclic olefin copolymers are manufactured by the copolymerization of a cyclic ofefin (e,g*, cyclopentene, norbornene) with 
an olefin such as ethylene or propylene. The reactfon of poiymerizing a cydoolefin resulting in a poły mer is known as ring 
opening polymerization (ROMP) and Is facilitated via Ziegler-Natta cataiysts. Cyclic olefin polymer resins are commonly sup- 
plied in pelletform and are suited for standard polymer processing techniques such as extrusion, injection molding, injection 
blow molding, compression molding, thermoforming, and others. As they are amorphous, and given their high purity, mois- 
ture barrler, darity, and sterilization compatibility, cyclic oiefins are an exceilent alternative to glass in a wide rangę of medical 
products, ind ud i ng packaging* CycJic oiefins exhibit good Chemical resistance and are generał ly considered to be of high puri¬ 
ty with Iow !evels of extractables. Neverthdess, cyclic olefin copolymers may contain residual processing aids, colorants, and 
antioxidants. 


POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE C 

Polyethylene terephthalate (PET) polymers are long-chain crystalline polymers prepared by the condensation of ethylene gly- 
col with dimethyi terephthalate or terephthalic acid, PET copolymer resins are prepared in a similar way except that they may 
also contain a smali amount of either Isophthafic acid (NMT 3 mole %) or l,4-cydohexaedimethanof (NMT 5 mole %). Poly¬ 
merization is conducted with the aid of cataiysts and stablllzers, PET polymers may contain silica or silicates (NMT 0.5% by 
weight) and may contain colorants. 

PLA5TICIZED POLY(VJNYL CHLORIDE) 

Poiy(vinyl chloride) (PVC) polymers are long-chain vinyl chloride polymers synthesized from vinyl chloride monomers via 
free radical polymerization, Yarious additives are compounded into PVC to provide the materials with properties that render it 
suitable for its intended use. These additives may include heat stabilizers, pnmary and secondary plastidzers, stabilizers, impact 
modifiers, I ubricants, pigments, and others. These additives typicaily are present individuaily in the PVC at levels ranging from 
0.1 to 45 weight %. 


APPUCABILITY AND APPLICATION OF (661.2) 

Applicability 

1* The holder of the drug product application and drug product manufacturer (in the case of many OTCs, where there is no 
application) bear primary responsibility and accountability for ensuring the requirements of the chapter are met The 
means by which the holder of the drug product application and drug product manufacturer obtain Information to meet 
the requirement is at the discretion of the holder* 

2. Chapter (661,2} deafs solely with packaging systems. Components of packaging systems can be tested per (661.2) at the 
discretion of the hofder of the drug product application and as approved by regulatory authority* Materials of construc- 
tion are not tested per (661.2), 
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Application 

1 * Chemical characterization of either extracts of packaging systems (extra eta bies) or of packaged drug products {ieacha- 
bles), followed by toxicological safety evaluation, is universally recognized as a necessary and appropriate means of estab- 
lishing the safety impact between packaging systems and their contents, Thus, <661.2) reguires that all packaging systems 
be demonstrated to be safe by performing a chemica assessment. However, <661.2) does not specify the details of the 
Chemical assessment process, either in Eerms of the test methods or the specifications, Rather, <661,2) references the rele- 
vant informational chapters «1663) for extractables and <1664) for leachables) thereby pmviding users of (661,2) with a 
means for designmg and implementing an effective, efficient, risk-based, and morę or less customized extractables or 
leachables assessments that comply with regulatory requirements, 

2, Chapter (661.2) provides holders of packaging system or drug product applications and/or packaged drug products man- 
ufacturers with the flexrbility to opera te within the context of their own specific situation and their own specific risk-man- 
agement phllosophy, The trade-off for having such flexibility is that it is the responsibility of the holders and manufactur- 
ers to justify their test methods and specifications, it is proper and appropriate that the justification exists and that it be 
judged (and approved) on the basls of its individual scientific and nsk-management merits. 

3, Leachables whose Chemical formula includes transition metals, metallolds, other metals, and lanthanides and actinides are 
elementai impurities. To the extent that extractables mirror leachables, extractables can be construed to be potential e!e- 
mental impurities. Elementai impurities—Limits (232) contains specifications for elementai impurities in drug products, In 
some manner, these specifications are relevant to packaging systems, as leachables of the appropriate composition repre- 
sent a certa in proportion of a drug products elementai impurrty burden, However, if the proportion is not known, then 
<232) specifications for drug products cannot be directly translated to specifications for leachables which themseives are 
elementai impurities. Thus, <661.2} reguires that leachables that are elementai impurities be appropriately assessed toxico- 
fogically for their potential safety impact and correctly notes the existence of (232). However, <661,2) does not specificalty 
attempt to use the product specifications in (232) to set leachables specifications as the means to establish safety impact. 


(1663) ASSESSMENT OF EXTRACTABLES ASSOCIATED WITH 
PHARMACEUTICAL PACKACING/DEUYERY SYSTEMS 


PURPOSE 

This generał Information chapter presents a framework for the design, justification, and exeeution of an extractables assess¬ 
ment for pharmaceutical packaging and delivery systems, The chapter estabiishes critical dimenslons of an extractables assess¬ 
ment and discusses practlcal and technical aspects of each dimension. Although intended to be helpful and generałfy appfica- 
ble, the chapter is for informational purposes and does not establish specific extraction conditions, analytical procedures, or 
mandatory extractables specifications and acceptance criteria for particular packaging and delivery systems or dosage forms; 
nor does it delineate every situation in which an extractabJes assessment is reguired. It is not possible for a generał discussion 
of extractables to anticipate and cover all situations where an extractables assessment might be required. Deslgning an lndtvid 
ual extractables assessment is a process that balances sound science, prudent resource allocation, and effective risk manage- 
ment. Aehieving this baiance is the responsibility and obligation of the drug product manufacturer and assumes due consider- 
ation of all applicable fegal and regulatory requirements, The princtples and best demonstrated practices outlined in this gen¬ 
erał chapter represent a consensus interpretation of sound science and can therefore be applied to any situation in which an 
extractables assessment is required for pharmaceutica! application. 

KEY TERMS 

This generał chapter uses the foflowing key terms Irsted below (7, 2; also see Packaging and Storage Reguirements (659)), 
Notę that the terms Packaging System, Packaging Component, Primary Packaging Camponenl, Secondary Packaging Component, 
and Materials of Constructlon are also defined in (659), and the defmitions below are intended for clarification purposes within 
the context of this chapter and are not intended to supersede those provided in (659), 

Packaging System (also referred to as a container-closure system): The sum of packaging components and materials that to- 
gether contain and protecf the product. This includes primary, secondary, and tertiary packaging components, 

Deilvery System: The sum of components and materia Is that are used to transport a drug product from its packaging to the 
point of administration into the patient. For example, an administration set is a delivery system that is used to transfer liguid 
drug products from their plastic packaging system to the sile of administration to the patient, It is noted that in some cases, 
the packaging system itself may perform the delivery function. 

Container: A receptade that holds an intermediate compound, active pharmaceutical ingredient, excipient, or dosage form 
and is in direct contact with the product. 
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Closure: A materiał that seals an otherwise open space on a Container and provides protectlon for the contents. It also pro- 
vides access to the contents of the Container. 

Packaging Component is any single part of the package or container-dosure system Including the Container (e.g,, ampuls, 
prefilled syringes, vials, bottles); dosures (e.g., screw caps, stoppers); ferrules and overseals; tlosure liners; Inner seals; adminis- 
tration ports; overwraps; administration accessories; labels; cardboard boxes; and shrink wrap, 

Primaiy Packaging Component is a packaging component that is in direct contact or may become in direct contact with the 
product (e.g., IV bag). 

Secondary Packaging Component is a packaging component that is in direct contact with a primary packaging component 
and may provide additional protection for the product (e.g., overpouch or dustcoverfor an IV bag). 

Tertiary Packaging is a packaging component that is in direct contact with a secondary packaging component and may pro- 
vide additional protection of the product during transportation and/or storage (e.g*, shippfng carton for an overpouched IV 
bag). 

Ancillary Component is a component or entity that may come into contact with a tertiary packaging component during the 
distribution, storage, and transportation of the packaged product (e*g„ pallets, skids, shrink wrap). 

Packaging Materials of Construction are substances used to manufacture packaging components* These are also referred to as 
Raw Materials, 

Extractables are organie and inorganic Chemical entities that are released from a pharmaceutical packaging/de3ivery system, 
packaging component, or packaging materiał of construction and into an extraction solvent under laboratory conditions* De- 
pending on the specific purpose of the extraction study (discussed below), these laboratory conditions (e*g*, so!vent, tempera¬ 
turo, stoichiometry, etc.) may acceierate or exaggerate the norma! conditions of storage and use for a packaged dosage form* 
Extractables themselves, or substances derived from extractables, have the potentlal to leach into a drug product under nor¬ 
ma! conditions of storage and use and thus become leachables. 

Leachables are foreign organie and inorganic Chemical entities that are present in a packaged drug product because they 
have leached into the packaged drug product from a packaging/delivefy system, packaging component, or packaging materi¬ 
ał of construction under normal conditions of storage and use or during accelerated drug product stability studies. Because 
leachables are derived from the packaging or delwery system, they are not related to elther the drug product itself or its vehi- 
cle and ingredients. Leachables are present in a packaged drug product because of the direct action of the drug product on 
the source of the leachable. Thus leachables are typically derived from primary and secondary packaging, as the primary and 
secondary packaging can serve as a barrier between the packaged drug product and other potentia! sources of foreign Chemi¬ 
cal entities (such as tertiary packaging and ancillary components). In certain circumstances, packaging may directly contact 
the patient under typical dinical conditions of use (for example, the mouthpiece of a metered dose Inhaler). As a resultof this 
contact, patients may be exposed to leachables from the packaging without the action of the drug product Leachables are 
typicatly a subset of extractables or are derived from extractables. 

Migrants are also foreign organie and inorganic Chemical entities that are present in a packaged drug product because they 
have leached into the packaged drug product from a packaging/delivery system, packaging component, or packaging materi¬ 
ał of construction under normal conditions of storage and use or during accelerated drug product stability studies. However, 
migrants are differentlated from leachables by the circumstance that migrants accumulate in the packaged drug product after 
the migrant has crossed a physical barrier, such as that pro^ided by primary and secondary packaging. Because migrants cross 
a physical barrier, they are not present in the packaged drug product due to direct action of the drug product on the source of 
the migrant because the barrier prevents such direct action. Thus migrants are derived from secondary and tertiary packaging 
and ancillary components. Regardless of whether a substarce is a leachable ora migrant, it is still a foreign substance in the 
packaged drug product and thus it must be impaet assessed in the same mann er. However, as the means by which a leachable 
and a migrant become entrained in a packaged drug product may be different, extractables studies meant to address leacha¬ 
bles may be designed and implemented differently than extractables studies meant to address migrants. 

Extraction Studies are the overall laboratory processes required in order to create extractables profile(s) of particular pharma- 
ceutica! packaging/ddtvery systems, packaging components, or materials of construction. Extraction studies are also referred 
to as Controlied Extraction Studies . 

Characteriżdthn is the discovery, Identification, and guantitation of each indtvidua! organie and inorganic Chemical entity 
present in an extract above a specified level or threshold* Such thresholds can be based on patient safety consideratlons, mate¬ 
rials considerations, the capabilities of analytical technology, etc. 

Scouting is the process of acquiring generał Chemical Information that provides insight into the naturę and magnitude of 
extractables. 

Discovery is the process of searching for, and ultimately finciing, individual organie and inorganic Chemical entities present in 
an extract* 

Identification is the process of assigning a molecular structure to an organie extractable, or assigning constituent elements in 
the case of an inorganic extractable. 

Quantitation is the process of measuring the level, or concentration, of an individual organie or inorganic Chemical entity 
contained in an extract. 

Extractables Profiies are qualitative and/or quantitative analytical representations of the extractables content of a particular 
extractrng medium and set of laboratory extractIon conditions. 
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LeQchabtes-Extractables Co rrelations are established when observed dryg product leachables are linked both qualitatively and 
quantitatively to extractables from associated packaging/delivery systems, packaging components, or materials of construction. 

Safety C oncern Threshold (5CT) is the threshold below which a leachable has a dose so Iow that it presents negligible safety 
concerns from carcinogenic and noncardnogenic toxic effects. 

Analytical Evaluation Threshold (AET) is the threshold at or above which a leachable should be characterized and reported for 
toxicological assessment The AET can be mathematically derived from the SCT (or other threshold concepts) based on factors 
that include the dosing parameters of the dryg product. When an extraction study is performed for the purpose of estimating 
the accumulation levels of leachables, the AET may be applicable to extractables as well as leachables. The concept of the AET 
is discussed In greater detali in Assessment ofDrug Product Leachables Associated with Pharmaceutical Packaging/Delivery Systems 
<1664). 

As noted, additionai terminology and associated definitions are avaitable (1, 2, and <659». 

SCOFE 

The scientific prindples and best-practices described in this generał chapter are intended to apply to any extractables assess- 
ment or extraction study of pharmaceutical packag Ing/deli very systems, packaging components, or materials of construction; 
the results of which are intended for establishing extractables profiies. Extractables profiles can be used in a variety of pharma¬ 
ceutical development and manufacturing applicatrons, induding the charaeterization, sełection, and gualificatfon of materials 
of construction, packaging components or packaging/delivery systems; establishing leachables-extractables correlations; 
and/or simułating worst-case drug product leachables profiles. When appropriate, extractables profiles can also be used in es* 
tablishing leachables-extractab!es correlations as described in Assessment ofDrug Product Leachables Associated with Pharma¬ 
ceutical Pockaging/Delwery Systems (1664). These scientific prindples and best practices can also be applied to materials of con¬ 
struction and functional components of eguipment used to manufacture drug substances and drug products; e.g., filters, tub- 
Ing, and tanks. In addition, these prindples and best practices can be applied to materials of construction for the medical de- 
vice component of a combination product (2), with appropriate consideration of the guidanees and regulations that apply 
specifically to medical devices. These scientific prindples and best practices apply to all organizations and individuals involved 
in the manufacture of drug substances, drug products, and in their stability studies, including but not limited to: 

* Manufacturers of drug substances and drug products for human and veterinary use where manufacturing may invo!ve 
operations at the applicant holderis facilitres (i.e., facilities that belong to the holder of an approved New Drug Applica¬ 
tion or Abbreviated New Drug Application) or at those of a contractor for the applicant holder 

» Manufacturers of combination products 

* Packaging operations by the manufaetureror a designated contractor for the application holder 

* Repatkaging operations in which the drug product may be owned by an organization other than the primary manufac- 
turer 

Manufacturers and fabricators of pharmaceutical packag ing/deli very systems, packaging components, and materials of con¬ 
struction may also apply these scientific principles and best-practlces as appropriate. 

BACKGROUND INFORMATION 

During the course of manufacturing, packaging, storage, distribulion, and administration; dosage forms and their constitu- 
ents can contact components and materials of construction of manufacturing and packaging equipment, and primary and sec- 
ondary packaging components and systems. Such contact may result in interactions between the dosage form and these com¬ 
ponents and materials. One such interaction is the migration or leaching of substances from any of these components and 
materials into the dosage form with subseguent deltvery to the patient during drug administration. Patients also can be direct- 
ly expo$ed to substances vta direct contact with the packagmg/delivery system during drug administration. Leachables, which 
can include both organie and inorganic Chemical entities with wide Chemical diversity, are of concern due to their potential 
safety risk to patients and potential compatibility risks for the drug product (e.g., drug substance interaction/degradation, pH 
change, appearance change, particie formation, protein aggregation/structure change, etc.). In order to assess these risks and 
manage the potential issues posed by leachables, it is necessary to know the identities and the levels to which leachables will 
accumulate in the finished drug product over its sheff-life. These two pieces of information can be used to establish the magni- 
tude of patient exposure (dose) and therefore the safety risk posed by an tndividual leachable, as well as the Ijkelihood of any 
compatibility issues involving the drug product. 

Regulatory guidelines and various best-practice recommendadons State that assessment of the potential impact of contact 
between a component or materia! and a finał dosage form involves evaluating the finał dosage form with respect to leacha¬ 
bles. This assessment can indude a migration or leachables study whose purpose is to discover, identify, and quantitate leacha¬ 
bles that have migrated from the contacted system, components, or materials and accumulated in the dosage form. AKerna- 
tively, this assessment may invołve performing a stmulation extraction study, when use of such a study in lieu of a migration 
study can be justified, There are many science-based and practical reasons why such a leachables assessment typicafly does not 
stand alone as the single means of assessment. Since the pharmaceutical packagmg/delivery system is the primary source of 
potential leachables, it is generałly appropriate that any leachables assessment be preeeded by an extractables assessment per¬ 
formed on the packaging/delivery system, its primary and certa i n critical secondary packaging components that are noncon- 
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tacting but potentially mteractlng, and/or packaging and de!ivery system materials of construction; consistent wlth regulatory 
guidelines and best-practice recommendations, Such an extractables assessment can atso be performed on particular compo- 
nents and/or materials of construction of manufacturing and packaging equipment, as wetl as certarn tertiary packaging com¬ 
ponents, fhat are deemed of high leaching potential or have been implicated in an identified leachables problem with a partic¬ 
ular drug product. 

Extractables assessments can be used to: 

* Characterize packagmg/de3Every systemy packaging components, combination product medica! deyice components, 
manufacturing components, and their various materials of construction 

* Facilitate the tlmely development of safe and effective dosage form pacl<agrng/delivery systems, manufacturing systems 
and processes by assisting In the selection of components and materials of construction 

° Understand the effects of various manufacturing processes (e.g., sterilization) on packaging components and their potem 
tial leachables 

* Establish the worst-case potential leachables profile in a manner which facilitates leachables studles, the developmenf of 
leachables specifications and acceptance critena (should these be reguired), and the safety evaluation/qualIfication of po¬ 
tentia I and actual leachables 

■ Establish the worst-case potential leachables profile in a manner which facilitates the safety eva!uat«on/qualification of 
probable leachables when it is not sdentffically possible to determine actual leachables 

° Facilitate the assessment of patlent exposure to Chemical entities resulting from direct contact between a patient's body 
tlssue(s) (e.g., mouth, nasal mucosa) and a packaging or combination product medical device component (e.g., a me- 
tered dose inhaler 5 s plastic actuator/mouthpiece) 

° Facilitate the establishment of qualitative and quantitative jeachables-extractables eorrelations 

* Facilitate the development of extractables specifications and acceptance criteria (if these are reguired) for packaging com¬ 
ponents, combination product medical device components, and materials of construction 

* Facilitate investigations into the origin(s) of identified leachables whose presence causes guality and/or safety issues (such 
as ouf-of-specification results) for a marketed product 

In these ways, extractables assessments can support CJuality by Design (QbD) principles for the development and manufac- 
ture of pharmaceutical packaging/delivery systems and drug products. Notę that although characterization of packaging/deliv- 
ery systems and materials is a goal of many extractab!es assessments, regulatory guidances and best-practice recommenda- 
tions clearly stress that extractables assessments also serve as mvestigations into potential leachables (1-6). 

As stated previousfy, it is not a goal of this chapter to identffy each case in which an extractables assessment is requlred for 
packaging/delivery systems, indivfdual packaging components, or materials of construction for any particular type of dosage 
form, This is the responsibility of the Holder of the NDA (applicant holder), and assumes appropriate consideration of applica- 
ble regulatory guidance documents. Rather, this chapter addresses the guestśon "If an extracfables assessment is required, 
what are the scientiflc principles and best demonstrated practices under which it should be accomplished?" 

As performing an extraetab!es assessment involves fhe processes of discovery and Identification, an extractab!es assessment 
can be facifitated by knowledge about the test artide, espedafly its composltton, Thus it is strongly recommended that the test 
artide assessor and the test artide vendor coilaborate in such a way that the test artide assessor has access to critical Informa¬ 
tion which will aid In the design and impfementation of an effective and effident extraction study. Additionally, It is noted that 
characterization of the test artide per Plastic Materials of Construction (661.1} will provlde information that is useful tn the de¬ 
sign and implementation of extraction studies, 

Achieving the ob]ectives of an extractables assessment requlres performance of an extraction study in order to create ex- 
tractables profiles. An extract!on study has two critical dimensions: laborafory generation of the extraet (extraction) and testing 
the extract (characterization). 

GENERATING THE EXTRACT 

General Concepts and Critical Experimental Design Parameters 

Extractables are dehved from a variety of sources and exnlbit extensive Chemical diversity. Prlmary sources of extractables 
indu de: 

° Chemical additives in indivtdual elastomeric/polymeric packaging components and raw materials, including impuritles in 
these addltlves 

8 Chemical entities and additives that are present m packaging components composed of glass and metals 

■ Entities related to the dissolution of the packaging component itself (e.g<, iron extracted from a stainless Steel materiał, 
Silicon extracted from glass) 

* Monomers and higher molecular weight oligomers derived from incomplete polymerlzation 

* Mig ran ts from secondary and tertiary packaging components, such as inks, la bel adhesives, and volatiles from cardboard 
shipping containers, plastic storage bags, and other shrpping aids such as wooden pallets 

* Surface residues, such as heavy oils and degreasing agents on metal canisters and containers 

8 Chemical substances on the surfaces of component fabricatlon machinery or other drug product manufacturing systems, 
such as mold release agents, and antistatic and antislip agents 
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* Chemical additives, monomers/oiigomers, impurities, etc., in yarious parts of component fabrication machinery or other 
drug product manufactunng systems 

As noted above, the Chemical diverstty of extractables issignificant. For exampfe, the Chemical additive categoty anfmidants 
includes hindered phenols, secondary aromatic amines, hindered amines, organosulfur compounds, organophosphorus com- 
pounds, and other Chemical dasses* 

Extraction is a process of treating a materiał with a solvent to remove soluble substances, Extraction is a complex process 
influenced by time, temperaturę, surface area to volume ratio (Le v stoichiometry), extraction medium, and the phase eguilibri- 
um of the materiał (3). There are two reasons why an extraction study is the necessary and appropriate means of accomplish- 
ing the various objectives of an extractabfe$ assessment. First, there is no other viable analytical alternatiye, Characterizing a 
materiał for potential leachables In its natura! solid State is a goal of modern anaiytical chemistry rather than an accomplish- 
ment Second, even if a direct characterization coufd be accomplished, it would at best onły estabtish the identities and levełs 
of Chemical entities present in the materiał, and not assess the leaching characteristies of these Chemical entities. A composi- 
tional assessment does not take into account any Chemical reactions that can alter the molecular structures of potential leacha¬ 
bles over the dosage form's lifecycle, For example, in the case of phenolic antioxidants that are feached by an agueous drug 
product, hydrolysis and oxidation products can accumulate in the drug product The only yiable means for producing data 
related to leaching is to use a process such as laboratory extractfon that is mechanistically similar to leaching. 

The design of an extraction study is dictated by the purpose of the extractables assessment and the que$tion($) being asked, 
as well as the available Information regarding the Chemical composition of the test article(s) to be extracted, Extraction studies 
can be designed to answer questions such as: 

* What are the Chemical additives in a particular packaging component or materiał of construction? 

* What are the maximum accumulations of Chemical aoditives from a particular packaging component into the dosage 
form? 

■ What are the likely contents of an end-of-shelWife drug product leachables profile? 

Addressing each of these questions requires a particular set of parameters, such as extraction time, extractron temperaturę, 
extracting solvent, extraction techmgue, sample surface area to extracting sofyent volume ratio, etc. Gearly, the intent of the 
extraetables assessment must be established before the study design is finalized* For example, if the purpose of the extraction 
study is to simulate a worst-case leachables profile, Lhen the study can be termed a simulation study that should produce an 
extract that: 

■ Contains all the substances (extractables) that coutd leach into the finał product at fevels considered potentially significant 

* Contains these extractables at concentrations that are greater than or equal to the maximum concentratron that these 
Chemical entities will accumulate in the drug product as leachables at any time during the shelf-life 

* Is generated morę effidently and in less time than that reguired for a drug product leachables study 

* Is amenable to Chemical analysis 

The concept of a simulation study is addressed in greater detaii in Assessment of Drug Product Leachables Associated with 
Pharmaceutical Packaging/Dellyery Systems (1664). The means by which an extraction process is accomplished are reflected in 
the juxtaposition of several experimental parameters including: 

* The Chemical naturę of the extracting media 

* The time duration of the extraction process 

* The temperaturę and pressure at which the extraction is performed 

* The stoichiometry of the extractIon process (extracted surface area per unit volume of extracting solution) 

* The median ism or process by which the extraction is accomplished 

Extraction processes have been described as "accelerated", "aggressiye", "exhau5tive", "yigorous", "harsh", and so on, and 
for medical device studies certain of these terms have been defined (7). In generał, extraction processes should allow comple- 
tion in a reasonable time frame but should not be so aggressive that they alter the qualitative and/or quantitative naturę of the 
resulting extractables profile. The most aggressive extraction conditions are resen/ed for the quantitative determination of 
Chemical additive contents in eomponents and materials, Because such studies are intended to quantitate specific known 
Chemical additives and not to simulate a drug product leachables profile, it is acceptable to use extraction conditions which 
disrupt or dissolye the component or materiał being extracted, and thus to alter the resulting extractables profile, while recov- 
ering the target additive(s) without loss or Chemical decomposition, 

Chemical Naturę of the Extracting Medium 

Of all the parameters involved in generating the extract, the extracting medium is the most critical because it is the extracb 
ing medium that accomplishes the extraction, and all other parameters merely facilitate the extraction, Estabiishing and justffy- 
ing the extracting medium (or media) is both straightforwa-d strategkafty and complex tactically> Strotegically ; if the purpose of 
a particular extraction study is, for example, to simulate a worst-case leachables profile, then the ideał situation ts for the ex- 
tracting solyent to have a similar or greater propensity to extract substances as the formulation, thus obtaining a similar quali* 
tative and quantitative extractables profile. This is dearly stated in regulatory guidances and best practice recommendations 
(?, 4-6). Therefore, the most loglcal tactic for this simulation study is to use the formulation itself as the extracting medium 
and in the absence of complicating factors, such an approach is recommended. However, in certain cases the use of the for¬ 
mulation as an extracting medium complicates extratt characterization to such an extent that it is impracticaL The yarious gui- 
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dances and recommendations suggest that if the use of the drug product as the extracting sokent is notfeasible, then the 
drug product vehide, or placebo, coufd be used as an effective extracting medium. This recommendation is derked from the 
fact that the drug substance itself does not typically create the "leaching power" of a drug product but rather that it is the 
formulation's ingredients (drug product vehide) that establish the drug producfs ability to ieach substances from a contacted 
materiał. 

When circumstances require that an extraetion study must be accomplished with a simulating sokent(s), it is necessary to 
establish and justify the composition of these sokents. In order to accompfish this objectke, one must consider all the physico- 
chemical characteristics of a formulation and/or simulating soivent that influence its "extracting power", In certain circumstan- 
ces, the formulation is suffidently simple that the cntical characteristics can be readily defineated and simulated. For example, 
the extracting power of polar aqueous drug products consisting of solubfe ingredients (such as an injectable with a drug sub¬ 
stance, buffers, and diluent) is, for organie extractables, driven primarily by drug product pH. In such a circumstance, simulat- 
ing the drug product pH with an analyticatly viab!e buffer system for the extraction study may be appropriate and justifiable. 
For inorganic extractab!es, utilization of a simulating solvent having slmilar metal-chelating properties as the drug product ve- 
hicie may also be appropriate and justifiable, It may atso be the case that largely non-polar drug products can be readily simu¬ 
lated with anaiyticaily expedient organie solvents. For example, chforofluorocarbon and hydrofluoroalkane propeilants used in 
metered dose inhalers (MDIs) can be simulated with dichloromethane as an extracting solvent and isopropanol can be used to 
slmulate ethanol, a co mm on co-sokent in MDI formulations. 

Many drug products are eompositionalJy intermediate be twe en the polar and nonpolar examples just discussed, ExampEes of 
such products indude "aqueous" drug products that contain stabilizers, solubilizing agents, chelating agenfs and buffers, lipid- 
containing products, and biotechnology products containing proteins, peptides, and blood-derked products. Such products 
have a characteristic polarity which establishes their "extracting power". Thus, an appropriate simulating solvent will have a 
pola ri ty that matches that of the drug product, Binary mixtures of miscible sokents (such as alcohol/water) have been utilized 
as simulating sokents for these types of drugs product 

it may be that a single simulating sokent cannot be established and justified for a specific drug product, orthat the focus of 
the extractables assessment is a materia! or system that will be characterized for use with multiple, composrtionally dkerse 
drug products, In such circumstances, the drug products ability to Ieach Chemical entities from a packaging system can be 
established based on the use of multiple extraeting sokents, each of which addresses one (or morę) of the extracting "mecha- 
nisms" that are relevant to the drug product (or drug products) under inyestigation. The use of multiple sokents is consistent 
with industry-driven best-practice recommendations for drug products that have a relatkely high risk of dosage form interac- 
tion with the packaging system and a relatkely high safety risk relative to the route of administration (e.g,, inhaiation aerosols 
and Solutions, injectables and injectable suspenstons) (?). Therefore, the use of multiple sokents (or extracting media) with 
different polarities, pH, ionic strength, or extracting powers, is recommended for high risk dosage form packaging system 
components and materiafs requiring extraction studies in order to simulate a drug product leachables profiles (see Table ?}■ If 
the goal of an extractables assessment is materials characterization, then simulating a drug product vebicle is both unnecessary 
and undesirable sińce this goal reguires qualitatively and quantitatively efficient extractions, Such extractions generally are only 
achieved with relatkely powerful organie sokent systems capable of softening, sweiling, or dissoking the materiafs poły mer 
matrix and releasing quantitative leve!s of additkes and other Chemical entities. 


Table 1. Possihle Extracting Media Relative to Particufar Packaging Components 


Packaging Component 

Possible Extracting IVIedia p 

MDI valve elastomer seal (MDI formulation contains 1,1,1,2-tetrafluoro- 
ethane and ethanol) 

Nonaqueous sokents (e.g., Dichloromethane Isopropanol Hexane) b 

Dry powder inhaler mouthpiece 

Water (u n buffered) 
lsopropanol c 

Smalkvo|ume parenteral viaf rubber stop per (aqueous formutation buf- 
fered at pH 6.5) 

Water (pH 5.2) 

Water (pH 9.5) 
isopropanokwater (50:50) d 

Large-volume parenteral plastic bag (agueous formulation buffered at pH 
7.2) 

Water (pH 5.2) 

Water (pH 9,5) 

IsopropanohwaŁer (50:50)^ 


B The possibilities listed in Table 1 are provided for ejtample only and should not be irnerpreted as standard practice recommendations. 
b These extraction media refiect the varying polarities of the organie solvents used in MDI Formulations. 

c These extraction media refiect both the hydrophific and llpophific character of human salka and altów materials characterizatlon. 

d These extraction media refiect the Chemical naturę of the formulation, Using media whose pH rangę encompasses, and slightly exceeds, the pH lim its of the 
product addresses the po ten tlał effect of pH on Lhe extracLables profile. The use of an aqueous mixture containing an organie sokent takes into account the 
possible presence of formulation additkes such as solubilizing agents that can influence the leaching power of the formulation. The specific organie sokent used 
and its proportion in the extraetincf medium depends on the specific Chemical naturę of the formulation and on practkal issues assodated with te Sting the es¬ 
trad:, 

If the goal of an extractables assessment is materials characterization, then simulating a drug product vehicle is both unnec¬ 
essary and undesirable sińce these goals require qualitatively and quantitatively efficient extractions. Such extractions generally 
are only aehieved with relatkely powerfuf organie sokent systems capable of softening, sweiling, or dissoking the materiale 
polymer ma tri x and reieasing quantitative levds of additkes and other Chemical entities. 
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Extraction Time and Temperaturę 

Extraction time and temperaturę are crftical factors in the extraction process* Although the naturę of the extraction solvent 
establishes the magnitude of the extraction (Le*, the arnount of substances that can be extracted from a materia! at equifibri* 
um), the combination of extraction time and temperaturę establishes the magnitude of the driving force and the degree to 
whith equilibrium is actually achieved* In a simulating extraction study the purpose of elevated temperaturę Is to increase the 
extraction ratę, so that a short experimental time may simufate longer leaching Limes ( 1 , 5-9). 

Because extraction is a diffusion process, the relationship between the diffusion ratę and temperaturę can be expressed em- 
pirically by the Arrhenius equation, The mathematics invo ved in a process that is driven by Arrhenius kinetics have been estab- 
lished in ASTM FI 980-07 (2011) Standard Guide for Accelerated Aging of Sterile Barber Systems for Medicai Devices (10), 
which may be a useful guide for establishing accelerated contact conditions. As with all such models, the proper use of this 
model regufres an understanding of the model’s basis and essential principles, assumptions, and limitations (2). 

Extractables profiles obtained with a given extracting medium and extraction techniąue can and should be monitored for 
eguilibnum or the attainment of asymptotic levels of extractables (see Figurę 1). 



Figurę 1. A graphica! representation of an extraction that has attained eguilibrium as indicated by the achievement of 
asymptotic levels of target individual extractab!es as a function of extraclion Limę (Le., GC/MS peak area ratios of target ex- 
tractables relatwe to an interna) standard piotted versus extraction time). 

Extractson Stoichrometry 

Extraction stoichiometry considers the physical mass and/or surface area of the test artide relative to the vo!ume of the ex- 
tracting medium, and the actual physical State of the materiał when it is exlracted. Extraction stoichiometry can be manipu- 
lated to facilEtate productton of a morę concentrated extract. For example, consider the case of a i ubber stopper for a vial that 
eon ta im 5 mL of a liquid drug product. A morę concentrated extract than the drug product (Le*, an extract that contalns 
higher levels of extractables than the leachables 3evel in the drug product) coukl be producecl by extracting 20 stoppers in 200 
mL of extracting solvent Another aspect of extraction stoichiometry is the physical State of the test artide. It is not uncommon 
that components or materials are cut, opened, ground, orotherwise altered in size or configuration prior to being exlracted. 
For inhomogeneous or layered materials such as film laminates, the process of cutting or grinding prior to extraction may alter 
the extractables profile as it may provide a means for the extracting solvent to come into contact with (and thus morę effec- 
tively extract) materials (layers) that are shielded from contact with the solutton under norma I conditions of use. One can ar* 
gue that the use of such sized materiał further facilitates the extraction process, however it is possible for sizing to reveal ex* 
tractables that might not appearas leachables. Nevertheless, some sizing of components or materials before extraction can be 
useful in certa in situations and for certain purposes, induding: (a) reducing sampfe-to-sample variability by the consistent 
preparation of ground homogeneous polymeric materiał; (b) reducing the sizes of large packaging components to allow use of 
standard laboratory glassware for extraction studies; (c) increastng the surface area of a packaging component or materiał test 
artide (e.g., via extruding, pressing, or grinding) in order to increase extraction effictency. In any event, careful consideration 
should be given to the effect of physical sizing of test artides on the extractables profile before such sizing methods are em* 
ployed in extraction studies. 

For extractables assessments involving components or materials whose Chemical ingredients are known based on Informa¬ 
tion from the suppfier or fabricator, analysts can manipulate extraction stoichiometry based on the known levels of Chemical 
additives and the known sensitivity of the analytical technique(s) that will be used to characterize the extract. For example, 
consider the formufation for a peroxide-cured ethylene*propylene-diene-monomer (he v EPDM) gasket from an MDI valve 
shown in Tcible 2. 
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Table 2. Ingredients in a Peroxide Cu red Rubber Gasket Test Articie that arę Used In an tV1Pt 


Elastomer Ingredtent 

Amount 

(Nominał) 

EPDM poły mer 

64.0% 

Minerał fiilers (may indude stearic arid) 

34.4% 

Antioxidant 1 1 (buty la ted hydroxytoluene) 

0.3% 

Ant!oxidant 2: (2,2'-methylene-brs-[6-(T,1-dimethyIethyl)-4-methylJ phe- 
noi) 

0.3% 

Peroxtde curing agent 

1.0% 


Such Information, when availab!e from component and materiał suppliers, can be useful in deslgning an extractlon study* 

Analysis can also base the extraction stoichiometry on established safety thresholds for leachables. For examp!e, an exposure 
of 0,15 pg/day total daily intake for an individual organie leachable has been proposed as an SCT for inhalation drug products, 
also termed orally inhaled and nasal drug products (5). Leachables present at or above the SCT, in an MDI for example, should 
be analytically and toxicologlcal]y evaluated, suggesting that extractabies assessment also should be guided with the SCT in 
mind. The application of thresholds such as the SCT and AET to leachables assessments ts discussed in greater detail in Assess¬ 
ment of Drug Product Leachables Associated with Pharmaceuiical Packaging/Delivery Systems (1664), 

In summary, extraction stoichiometry (and thus the "sensltivity" of an extraction study) can be based on: 

* The known Chemical ingredients in a component or materia! 

* Safety-based thresholds for drug product leachables 

* The known or determrned sensitivities of analytical instrumentatlon used for extract characterization 

Mechanism of Extraction~Extraction Technique 

An extraction can be accomplished in a variety of ways. It is necessary that the means of performing the extraction match 
the objectives of the extractables assessment. Common faboratory extraction techniques indude: 

* Maceration (solvent soaking) —in which the test articie is allowed to soak for a period of time in an organie or agueous 
extracting solvent at temperatures below the solvent's boiling point. Anafysts can also fili patkaging system units with ex- 
tracting so!vent and storę them at reievant temperatures. 

* Refiux— in which the test articie is Emmersed in boiling so!vent for a period of time, 

* Soxhfet —in which the test articie is placed in the "thimble" of a Soxhlet extraction apparatus that Es slowly fllied with re- 
distiiled solvent from a boiling flask/condenser system; and periodically, the extracting solvent (containing extractables) is 
slphoned back into the boiling fiask and the process begins again (for as many times as reguired to attain eguilibrium). 

■ Sealed vessel —in which the test articie and extracting solvent are sealed inside a Container capable of wlthstanding eleva- 
ted temperatures and pressures, placed into a laboratory autoclave and heated with steam for a period of time. 

* Instrument-based sofvent extraction —in which the test articie is placed Inside a sealed apparatus and extracted En an auto- 
mated cycle; examples include pressurized fluid extraction, microwave-assisted extraction, and supercritical fluid extrac- 
tion. 

* Sonication —in which the test articie and extracting soh/ent are placed into a glass Container and partty immersed in water 
inside an uftrasonfc bath. 

Each of these extraction mechanisms/technigues has its gwn unique advantages and limitations. For example, reflux extrac- 
tion is very effident, but may be too harsh for certaiń applications and can lead to thermal decomposition of certa In organie 
extractables; the extracting power of sonication can be cliffcult to control; and because of its relatively high boiling point, wa¬ 
ter performs poorly in ref[ux and Soxhlet but welt in a sealed vesseL 

If the goal of the extractables assessment is Identification and quantitation of the Chemical additive content of a component 
or materiał, it is typical to use extraction techniques and processes that soften, swetl, or disso]ve (or in the case of inorganic 
extractables, digest) the component or materiał, thereby releasing quantitative amounts of Chemical additives for analysis. 

Extractions That are Not Solvent Mediated 

Not all drug product or material-contact situations are solution mediated and not all issues related to leaching of material- 
derived entities involve a solution phase. For example, doses of inhalation powder contained in a capsule or blister pack for use 
in a dry powder mlialer may have volatlles feached from the capsule or blister materiał, or by spedaJty surface addltives such as 
mold-reJease agents; a solid orał dosage form could contair volatile leachables derived from the adhesive of a paper label af- 
fixed to the plastEc bottfe that contains the dosage form; and inhalation Solutions packaged in low-density polyethylene con- 
tainers could contain volatife migrants from tertiary packaging or auxiliary components such as wooden shrpping pailets. In 
the latter two cases, Chemical entities can mig ratę Lhrough the plastic containers and volatilize into the airspace, subsequently 
accumulatfng as migrants in the dosage forms. 

Extraction technigues specificafly designed for application to volatile organie compounds are usually directly coupled to ana¬ 
lytical instruments. These extraction techniąues include headspace analysis (as headspace gas chromatography; HD/GC), dl- 
rect thermal desorption (usualfy coupled to gas chromatography; TD/GC), and thermogravimetnc analysis (TGA/GC). 
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CHARACTERIZING THE EXTRACT 

Objeetives and Challenges 

Once an extract has been generated, the next objective is to perform a thorough Chemical characterization of the extraet 
Setting a threshold (as described above), which is a specified level of an individual extracted Chemical entity which reguires 
characterization, can be based on safety consrderations such as the SCT; functional considerations indudlng nominał Ievels of 
known Chemical additives in the formulation of an extracted component or materiał; or technologicaf considerations such as 
the known or determined sensitivity of an analytical technology, instrument, or method. The extract characterization phase of 
the extraction study must enabie the realization of the overall goals of the extractables assessment, 

The ultimate objective of thorough extract characterization as defined above cannot be realized in all cases, even when 
state-of-the-art analytical chemistry is practiced with best available skill and diligence. It is a reallty that there is no analytical 
technigue or combination of analytical techniques that is capable of the distovery, Identification, and guantitation of any and 
all organie and tnorganic extractable Chemical entities known to science, In some cases, authentic reference compounds for 
organie extractabies may not be available for confirmation of identificattons, or for quantitative instrument calibration, Thus, 
the practical objecrive of extract characterization must therefore be an exercise of due diligence in the discovery, Identification, 
and quantitation to a reasonable degree of scientific certainty of all Endiddual extractable Chemical entities present in an ex- 
tract above a specified level or threshold. 

Processes Involved in Extract Characterization 

1, SCOUTING 

The most useful analytical technigues in a scouting exercise are not compound specific, as they do not provide Chemical 
Information specific to the molecular structure of any partieufar extractabJe or Chemical class of extractables. These analytical 
technigues provide Information regarding bulk Chemical properties of organie and/or inorgantc Chemical entities present in an 
extract, which can be used to guide extractables dtstovery, Identification, and quantitation. Scouting anaiysis is not capable in 
and of itself of realizing the practical objec£ive of extract characterization, regardless of which scouting technique or combina¬ 
tion of technigues is applied* 

Anafytical technigues which can be employed for scouting are listed in Tobie 3, along with the particular bulk Chemical 
property (and potential utitity of this property) available from each technique. Some examples of the utility of scouting include 
the following: 

• Significant levels of nonvolatile residue determined by gravimetric anałysis couid suggest the presence of significant ieveSs 
of inorgantc Chemical entities in the extract. This suggestion would be reinforced if significant mass remained after ashing 
the extracted nonvolatile residue (residue on ignition). 

* Significant UV absorbance of an extract suggests that organie Chemical entities are present which contain UV chromo- 
phores within thefr molecular structure, such as phenolic antioxfdants. 

* Characteristic features in an infrared spectrum of this extract couid provide morę detailed insights into the Chemical 
dasses of organie extractables present. These insights couid be used to develop and apply analytical methods for discov- 
ery and Identification that would detect the Chemical dasses of extractables suggested by the scouting process* 

• For aqueous extract$, total organie carbon provides a measure of the total amount of organie extractables present. 

The scouting process and scouting analyses are optional for extract characterization. The utility of scouting is in the guidance it 
potential ly provides for di$covery, identification, and guantitation* 
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Table i, Survey of Analytkal Methods for Extract Analysis 




Application 


Analytkal 

Tedinique 

Analytkal 

Method 

Scouting 

Discovery 

Identifica¬ 

tion 

Quanfita- 

tion 

1 nfor m ati o n / LTti It ty 


UV 

X 


X 


Bulk property of UV absorbing organie extracta- 
bies; serni-quantitative with Ifmited identification 
a bil Ety 

Spectroscopy 

FTIR 3 

X 


X 


Bulk property of ER absorbing organie extractables, 
moderate identification ability 


NVR b , ROt £ 

X 




Bulk property reflecting total amount of noiwola- 
tfle organie and/or inorganio extractables 


pH 

X 




Bulk property of acidic or basie extractables 

Wet Chemical 

TOC d 

X 




Quantitative measure of organie extractables 


FID e 


X 

X 

X 

Discovery and quantitative assessment of individuaJ 
organie extractabEes; notę that qualEtative identifi¬ 
cation is possible 


MS 


X 

X 

X 

Discovery, identification, and ąuantitation of indi- 
yidual organie ext rac ta bies; notę that Identifica¬ 
tion can be either qualitative or structural 

Gas 

Chromatography 

FTIR a 


X 

X 


Discoyery and Identification of rndividual organie 
extractableś; notę that FTIR has limitations relative 
to structural analysis (however identification via 
qualitative analysis is possible) 


UV, CAD r , 
and EL5D9 


X 


X 

Discovery and quanlitadve assessment of Endmdual 
organie extractables; notę that identification via 
qualitative analysis Es possible and that Diodę Ar- 
ray UV detectors can assist with structural anaiysis 


MS 


X 

X 

X 

Discovery, identification, and quantltatron of indr- 
vidual organie extractables; notę that Identifica¬ 
tion can be by either qualitative or structural and 
that ionization sources with different selectiyities 
are ayatlable 


FTIR a 


X 

X 


Discovery and Identification of individuaJ organie 
extra eta bies; notę that FTIR has limitations relative 
to structural analysis (howeyer identification v?a 
qualitatłve analysis is possible) 

Liquid 

Chromatography 

NMR h 


X 

X 


Identification of indiyidual organie extractables; 
notę that identification can be by either qualita- 
tive or structural 


ConductMty, 


X 


X 

Discovery and ąuantitation typically of indiyidual 
fonie spec i es 

lon Chromatogra- 
P h y 

MS 


X 

X 

X 

Discoyery, identification, and guantitation of Indi- 
vfdual Eonie extractables; notę that Identification 
ean be by either qualitative or structural and that 
ionization sources with different selectiyities are 
ayaffable 


MS 



X 


Identification of EndEyidual organie extractables 


NMR' 1 



X 


Identification of EndEyidual organie extractables 

Spectrom et ry 

IMS’ 


X 

X 

X 

Discovery and quantftative assessment of Indiyiduaf 
organie extraetables; notę that various ionization 
sources are ayailabfe and that qualitative Identifi¬ 
cation is possible 


a FTIR = Fourier Transform Enfrared spectroscapy. 
b NVR = Nonwofatile Residue. 
c ROI = Residue on Ignition. 
d TOC = Total Organie Carbon. 

* FID = Flame tonizatfon Detection, Additional CC detectors, such as Thermal Energy Analysis Deteetor (TEA), may provide greater sensttivity for specific com- 
pound classes, 

f CAD - Charged Aerosol Deteetor 
9 ELSD = Evaporative Light Scatterfng Deteetor. 
h NMR = Nudear Magnetic Resonance spectroscopy. 

E IMS = lon Mobility Spectra metry, 
i AAS = Atomie Absorption Spectroscopy. 

k ICP-AES - fnductively Co u pled Piasma Atomie Emission Spectroscopy. 

* ICP/M5 = Intiuctfrety Coupled Piasma Mass Spectro metry, 
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Ta fale 3. Snrvey of Analytical Methods for Extract Analysis (Continued) 


Analytical 

TecGiniqiije 

Analytical 

MetKod 

Application 

Information/Utiiity 

Scouttng 

Dis co v ery 

Identifica¬ 

tion 

Quantita- 

tion 

Atomie 

Spectroscopy 

AAS 1 


X 

X 

X 

Discovery, iden Łification, and guantitation of indi- 
vidual extracted elements (tracę elements, met- 
ais); notę tliat AAS can be applied to only one ele¬ 
ment at a time, Identification of the Chemical 
form or spedation of the extracted element may 
require addltronal testing 

iCP-AES k 


X 

X 

X 

ICP/MS 1 


X 

X 

X 


a FTIR = Fourier Transform Infrared spectroscopy. 
i3 NVR = NorwoląĆHć Residue. 
c ROJ = Residue on Ignttton. 
d TOC = Total Organie Carbon, 

e FID = Flame [onizaUon Detection, Additional GC detectors, such as Thermal Energy Analysis Detector (TEA) H may provide greater sensitivity for spedfic com¬ 
pound dasses. 

F CAD - Charged Aerosol Deteeior. 

9 ELSD — Evaporative Light Scattering Detector. 
h NMR =- Nudear Magnetic Resonancę śpectroscopy. 

1 IMS = Eon Mobility Spectra metry, 
i AAS = Atomie Absorption Spectro&opy. 

k ICP-AE5 =■ Enductively Coupfed Plasma Atomie Emission Spectroscopy. 

1 1CP/MS = lnductively Coupled Plasma Mass Spectrometry. 

2, DISCOVERY 

The process of discovery involves testing an extract and thereby producing one or morę analytical results that are attributa- 
ble to individual extractables. The process of discovery is accompfished by detecting instrumental responses from the rndividu- 
al organie and inorganie extraetab!es that are propordona to the |evels of these 3ndividua! extmctables within the extract. It is 
in the discovery process that analytical techniques typically associated with tracę organie and inorganic analysis are first re¬ 
pu [red for extract characterization. Tracę organie analysis Lyplcafly invofves the use of chromatographic technigues, particularly 
gas chromatography (GC) and high-performance fiqutd chromatography (HPLC). GC has enormous separating capability for 
volatile and semi-voJatiie organie compounds while HPLC is most applicable to semiwolatile and relatively nonvolati3e organie 
compounds, making the two separation technigues comp ementary and orthogonal for application to the significant Chemical 
divers!ty of extractables. A dlstussion of the pnndples of both gas and liquid chromatography is available in Chromologmphy 
< 621 ). 

The Chemical diversity of extractables with respect to polarity and voladlity can reguire alternative sample introduction tech¬ 
nigues or sample modification, particularly for GC. RdatEvely volatile extractables Irkę methanol are most amenable to head- 
space sampling of agueous-based extracts into a GC. Organie acids and bases can often be anafyzed morę effectively by GC 
after Chemical deriyatization, such as methylation or silylation for organie acids, Both GC and HPLC can empioy detection Sys¬ 
tems with different specifidties (Tobie 3) which take advantage of unigue structural propertles of varioLfs Chemical dasses of 
extractables. 

The analytical technigues useful for organie extractables discovery can also be applied to Identification as weli as quantita- 
tion. Analytical techniques such as gas chromatography/mass spectrometry (GC/MS), that are most often applied to Identifica¬ 
tion, can also be used for both discovery and quantitation (Tobie 3). Inorganic extractables such as tracę elements and metals 
are typically drscovered, identified, and guantrtated by the same suitę of analytical technigues, such as atomie emission spec- 
troscopy. Analytical technigues designed to study inorganic speciation, particularly in aqueous extracts, are considered beyond 
the scope of this chapter. 

It is important to state that the overall goals of an extraction study always require the identities and quantitatlve amounts of 
indtvidual organie and inorganic extractables, and so the mere discovery of extractables does not achieve the uftimate objec- 
tives of an extraction study. 


3. ICEMTIFiCATION 

Identification of an extractab3e can be accompllshed either by structural analysis or qualitative analysis. Structural analysis is 
the process by which the mofecular structure of an unknown analyte is elucidated from tompound-specifit data, and therefore 
reguires compound-specific detection of the unknown analyte. A compound-specific detector is one that provides Information 
specific to the molecuiar structure of the individual unknown analyte (not just its Chemical class). Quafitative analysis is the 
process by which an unknown analyte is matched with an authentle reference compound via one or morę analytical techni¬ 
gues. The analytical techniques used for qualltatlve analysis can, but do not need to be, compound specific. 

The analytical techniques most applicable to structural analysis, and to tracę organie analysis problems In generał, involve 
the combination of chromatography with mass spectrometry. These are the so-called "hyphenated" technigues of GC/MS and 
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high-perfomnance llguid chromatography/mass spectrometry (LC/MS). A dlscussion of the prtnciples of mass spectrometry (En- 
cluding both GC/MS and LC/MS) fs available in Mass Spectrometry {736). 

Both GC/MS and LC/MS are capable of generatlng extractables profiles in the form of chromatograms. However, sińce 
LC/MS includes a relative!y high Chemical background of HPLC mobile phase ions, it is typical to include a non-destructIve UV 
detector in series with the mass spectrometer to assist in locating peaks of EndEvidual extractables. The compound-spedfic data 
avallabie from mass spectrometry include: 

* The monoisotoptc molecular weight of the extractabfe based on conflrmation of the molecular ion from one or morę ioni- 
zation processes 

• The molecular formula of the extractable based on accurate mass measurements, and/or accurate isotope rado measure- 
ments, of the molecular ion 

° The fragmentation behavior of the extractable based on in-source fragmentation or tandem mass spectrometry 

CC/MS interfaced with electron ionization produces mass spectra which can be searehed through computerized databases, 
or libraries, of mass spectra from known compounds. Notę that searchable mass spectra are generał ty unavailable for LC/MS 
ionization processes because of the variable naturę of such spectra over tlme and between yarious instruments and laborato- 
rles. Both GC/MS and LC/MS also include the retention tlme (or retention index) of the unknown extractable which can be 
compared with that of authentic reference compounds, 

Given the number and Chemical diversity of organie extractab!es, it is unreasonable to expect that authentic reference com¬ 
pounds will be avallabie (or can be madę available) to confirm every identification. It is therefore necessary that levels of identi- 
fication confidence be established and appropriately utilized. Data ty pica Hy available from GC/MS and LC/MS analyses (see 
items a through e be Iow) are used to designate indivfduaf extractables identifications in the categories of Confirmed, Confident , 
or Tentatwe (2, 5): 

a. Mass spectra metric fragmentation behavior/expert mass spectrum interpretation 

b. Conflrmation of molecular welght 

c. Confirmation of elemental composition 

d. Mass spectrum matches automated llbrary or literaturę spectrum 

e. Mass spectrum and chromatographic retention index match authentic reference compound 

f. Supporting spectraI informatlon from an orthogonaJ method (e,g,, NMR) 

* A Tentative Identification means that data have been obtained that are consistent with a class of molecule only. This 
is typically the case when only Information such as a or d is available, 

* A Confident Identification means that the tentative identification has been bolstered by addltional and suffident con- 
firmatory Information to predude all but the most closely related structures, This would be the case, for example, if 
the tentative Information (a and/or d) were augmented by b, c, or f. The morę confirmatory information obtained, 
the greater the fevel of confidence, 

A Confirmed identification means that the preponderance of evidence confirms that the entity in guestlon can only 
be the identification that is provided. Although It is possible that a hlghly confident identification may meet the 
standard implied by the preponderance of evtdence (for example, having a, b, c, e, and f), the only means of provid- 
ing a confirmed identification is via mass spectral and retention tlme match with an authentic reference compound 
(item e). 

Although these Identification categories are based on mass spectrometry, it is possible to use data from other anaiytical tech- 
niques to assist in extractables Identification, Such technigues indude GC/FTIR (Fourier Transform Infrared Spectroscopy) and 
LC/NMR (Nudear Magnetlc Resonance Spectroscopy), These and potentially other anaiytical technigues are capable of pro- 
ducing compound-specific data which are complementary to mass spectrometry. 

The level of identification reguired for any individual extractable depends on the rntended use of that identification. It is up 
to the organization responsible for the extraction study to determine this after apprapriate consideration of applicabte regula¬ 
tory guidances. 

Since the list of potentia! inorganic extractables, such as tracę elements and metals, i$ finite compared with the population 
of organie extractables, identification and quantitatlve analysis for inorganic extractables are achieved simultaneously. While 
elemental analysis is relatively stralghtforward, it is not without its chalfenges. The issue of false positive responses and spectral 
or mass interference must be addressed in order for identifications based on atomie spectroscopy to be rigorous and accurate. 

It is also noted that elemental analysis provides element-spedfic identifications and guantitations, and not the Chemical specia- 
tion of the extractabie, Thus, interpretation of the impact o r the elemental results may requlre further studies, such as detailed 
Chemical spedation of elements deemed of signiflcance. For examp!e, while finding sulfur In an extract by atomie spectrosco¬ 
py is an rmportant outeome, the safety Impact of this finding cannot be ascertained untll the spedation of the sulfur is estab¬ 
lished. This is the case as the safety impact of sulfur as elemental sulfur may be different than that of sulfur as sulfate, 

4. QUANTITAT10N 

Quantitation is typically based on the instrumental response of an individual extractable relative to an authentic reference 
compound, and therefore requires that indlyiduat extractables be separated (either directly with chromatography or indirectly 
with selective detection) and produce detector responses that are directly proportional to the Jevel (or concentration) of the 
extractable in a given extract, Calibration of an anaiytical system is accomplished by analysis of authentic reference com- 
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pounds (external standards), One or morę interna! standards can also be included in both the extract and reference calibration 
Solutions to increase accuracy and preclsion. The fevefs of extractabJes for which authentic reference compounds are not avaih 
able can be estimated using thelr responses (or response factors) relative to Internal standards, or other surrogate reference 
compounds of sEmifar molecular stmcture, While such an analytical process can provide reliably accurate concentration esti- 
mates, diligence must be exercised En terms of estabfishing and justifying the choice and use of interna! standards. Criteria for 
the selection of appropriate internat standards have been described (2, 5). 

Preparation of Extracts for Analysis 

Extracts can often be analyzed dlrectly without slgniflcant preparation or concentration. Many organie sofvent extracts (e.g., 
dichloromethane, ethy! acetate, hexane) can be direetty injected into a gas chromatograph, while others (e.g., methanol, 
ethanol, Esopropano!) are either too reactive in the heated GC injection port or too high boiling, Organie soivent extracts with 
inapproprlate physical/chemical properties for direct analysis by GC can be switched to morę appropriate solvents. Certain ex~ 
tra eta bies, such as fatty acids (e.g., palmitlc acid, stearic acid) perform better in gas chromatographic analysis when they are 
derivatized to either metbyt esters or trimethylsifyl esters. 

It is usually considered inappropriate to directly analyze aqueous extracts by gas chromatography, due to the reactivity and 
high boiling point of water, In addition, pH-buffered aqueous extracts contain nonvolati!e saits which are not suitable for GC 
injection. Agueous extracts are typically back extracted wth an organie solvent to remove organie extractab!es from the water, 
with the resulting organie extract being injected into the GC. Unfike GC, liquid chromatography (HPLC, LC/MS) is perfectly 
suited to the direct analysis of agueous extracts, sińce most HPLC methods indude water and water-miscible mobile phases. 
Water-immiscible organie so!vents (e.g,, hexane) can not be injected onto these reversed-phase HPLC systems, so these must 
be dried and the resulting extractab!e residue taken up in a solvent suitable for HPLC (e.g v acetonitrlle, methanol, or mixtures 
of these with water). 

Organie or agueous extracts with insufficient tevels of extractables for analysis can be concentrated by various techniques. 
Many organie solvents can be dried down under inert gas, a rotary evaporator, or a Kuderna-Danish concentrator, Aqueous 
extracts can be lyophilized, concentrated under vacuum, or back extracted into an organie soh/ent which is then further con¬ 
centrated. 

The finał concentration at which an extract is analyzed depends on the goal(s) of the extractables assessment and the inher- 
ent sensitivities of the analytical technlgues applied. A good "rule of thumb" is that in order to accomplish a complete struć- 
tura! analysis of an unlcnown extractable, a GC/MS reguires approximately 5 ng injected into the instrument. This suggests a 
concentration in the injected extract of 5 ng/pL or 5 pg/mL. In a 200-mL dichloromethane extract, this converts to a total of 1 
mg of this particular extractable recovered from the extracted test article. If this analyte concentration is insufficient to meet 
the goal of the extractab!es assessment, then the fol łowi ng parameters can be optirmized: 

* Extraction stoichiometry (Le„ extract morę materiał or use morę extracting solvent) 

° Extraction conditions (i.e v use higher temperatures, longer times, solvents with greater extraction power, morę aggresslve 
extraction technique, etc.) 

* Extract processing (i.e., concentration of the extract) 

SUMMARY 

Assessing the Completeness of an Extractab!es Assessment 

The completeness of an extractab!es assessment can only be judged agarnst the overall goals of the assessment. For exam- 
p!e, an extractables assessment accompJished solely for matenals characterization might indude one extracting soJvent, one 
extraction technique, and one set of extraction conditions; along with a matenals-based threshold (e.g., 10 ppm w/w), Such 
an extractables assessment might be considered complete if aII extractables above the defined threshold were identified to the 
confident levef (defined above) and guantltated. For an extractables assessment designed to establish a rlgorous leachables- 
extractables correlatlon for a high risk drug product, where a challenglng safety threshold might apply (e.g v 0.15 pg/day; see 
reference 5), good scientiffc pracdce and due diligence reguires the foli owi ng: 

* Generation of extracts should be accomplfshed with 

1. Multiple solvents or extracting media with varying extracting power based on the known extracting power of the 
drug product vehicfe; 

2. Multiple and complementary extractton techniques, including those with the capability for volatifes analysis; 

3. Extractfon conditions that aliow eguElEbrium to be achieved, 

* Characterization of extracts should use 

1. Multiple and complementary analytical techniques; 

2. Careful sample preparation, keeping the analytical technique(s) in mind; 

3. A system atić process for identification and quantitation of extractables. 

In this case, the extractables assessment might be considered complete Ef all extractables above the defined threshold were 
identified to at least the confident !evel, guantitated, and correlated both quafitatively and quantitative!y with drug product 
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leachables data (if available) and the known Ingredients in the packaging system, packaging component(s), or material(s) of 
construction. 

It should be noted tliat limited extractables assessments with reiatively narrow goais can be atcomplished to reguired com- 
pleteness with a rdatively focused effort. For examp!e, extraction studies designed to guantitate the Ieve!s of specific Chemical 
additives in specific packaging components/matenals can be done with specified extraction parameters and analytical meth- 
ods (see Plastic Packaging Systems and Their Materials of Construction (661}, Ptastic Materials of Construction <661.1), and Plastic 
Packaging Systems for Pharmaceutical Use <661.2)). The reader h also referred to various sources which describe extractables 
assessments and extraction studies for pharmaceutical applications (2, 5, <$), as welf as other generał sources which refer to 
extractables assessments for medical devices (9) and food contact (11), 

Reference is also madę to compendial chapters En thfs Pharmacopeta which indude exfraction studies with specific goals and 
purposes: 

1. Biological ReactMty Tests , In Vitro <8 7) 

2. Biological ReactMty Tests , In Vivo (88) 

3. Elastomerk Ciosures for Injection <381) 

4. Plastic Packaging Systems and Their Materials of Construction <661) 

5. Plastic Materials of Construction <661.1) 

6. Plastic Packaging Systems for Pharmaceutical Use <661.2) 

Example Extractables Profiles—Materials Characterization 

As stated previo\Js!y, extract!on studies are usualiy designed to produce extractables profiles, which are qualitative and/or 
quantitative analytical representations of the extractabies content of a particular extracting medium. To illustrate the concept 
of an extractab!es profile, the foilowlng Es an example of an extractables study performed for the purpose of materiał charac- 
terization. Extractables profiles are commonly produced by analysis of laboratory extracts by Instrumental chromatographic 
techniques. Figurę 2 and Figurę 3 show example extractables profiles (GC/M5 and HPLC/UV, respectively) from a hexane Soxh- 
let extract of a cyclic olefSn copolymer (COC) materia! of construction (12), COC materlaJs are used in the fabrication of pre- 
filfed syringes, viaJs for smaJI-volume parenterals, and bagsfor largewolume parenterals, The extracts were generated by sub- 
jecting approximately 5 g of sultably sized materiał to 16 hours of Soxhlet extraction with 125 mL of hexane. The resulting 
extract was splked with interna! standards (details not relevant to this discusslon) and was anafyzed dlrectly by GC/M5 (see 
Table 4), For HPLC/UV analysis, an aliquot of the hexane extract was reduced En volume and diluted with methanol prior to 
analysis (see Table 5). Since the purpose of this extractables assessment was materia Is characterization, extractron study param¬ 
eters were adjusted relative to an extractables Identification threshold of 10 ppm (pg/g). It is elear from these chromatograms 
that the techniques used are both complementary and orthogonal, illustrating the concept that multipfe analytical methods 
are requfred to typically elucidate the complete extractab!e profile. 


is 
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Figurę 2. GC/MS chromatogram (extractables profile) for a bexane Soxhlet extract of a cyclic olefin copolymer (72). Internal 
standards (JS) produdng peaks En this chromatogram indude: 2TluorobiphenyJ at 10.7 min, lrganox 415 at 22.0 min, and 
Bisphenoi M at 23.0 min. Numbered peaks represent identified extractables above the materials-based threshold. 
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Figurę 3, HPLC/UV Chromatograms (X = 220 nm; extractabfes profile) for a hexane Soxh3et extract of a cyclic oiefin copoly- 
mer (12). Interna! standards (IS) produdng peaks in this chromatogram inducle: Bisphenol M at 7.6 min, 2-Fluorobipbenyl at 
7,8 min, and lrganox 415 at 8,7 min, The major peak in this extractables profile above the materials-based threshold is the 

known additive (antioxidant) lrganox 1010 (Peak 2)* 

_ Table 4. Opes ating Parameters, GC/MS Analysis of the Hexane COC Sojthlet Extract (72) _ 


Operating Farameter 

Operatltig Value 

Column 

]&W DEkSHT, 30-m x 0.25-mm, 0.2S jim film thickness 

Oven Program 

Start at 50 D , hołd for 1 min; ramp at 12 a /min to 315“ f hołd for 7 6 min 

Carrier Gas 

He at 1.2 mL/min 

Injection 

Split (1:5); 1 \*L 

Injector Temperaturę 

300° 

FI D Detector Temperaturę 

N/A 

MS Transfer Linę Temperaturę 

1B0 C 

MS Detection Detaifs 

70 eV (+) El {electron ionizatton), mass rangę of 33-650 amu (3.0-min solvent delay) 

Table 5. Operatint 

\ Parameters, HPŁC/UV AnalysU of the Hexane COC 5oxhlęt Extract (72) 

Operat Ing Parameter 

Operat ing Value 

Column 

Agilent Zorba* Edipse Plus C 1H , 100- x 3.0-mm, 3.5-j.im particles 

Column Temperaturę 

40"-S0° 

Mobile Phase Components 

A = 10 mM amrnonium acetale, B = acetonitrile 

Mobile Phase Gradient 

Time 

%B 

0,0 

5.0 

8.4 

100.0 

35,0 

100.0 

36.0 

5.0 

39.0 

5.0 

Mobile Phase Flow Ratę 

0.8 mL/min 

Sample Size 

10-50 pi 

Detection, UV 

205-300 nm; spectra recorded at X = 210, 220, 230, 250, and 270 nm 
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(1 664) ASSESSMENT OF DRUG PRODUCT LEACHABLES ASSOCIATED 
WITH PHARMACEUTICAL PACKAGING/DELIVERY SYSTEMS 

PURPOSE 

This generał chapter presents a framework for the design, justificatlon, and implementation of assessments for drug product 
leachables derived from pharmaceutical packaging and delivery systems. A scientifically sound leachables assessment is impor- 
tant to manufacturers and their various suppliers prlmarily as a means of establrshing the suitability for use of pharmaceutical 
packaging/deiivery systems, as leachables can potentially affect drug product effitaty, safety, and guality, Additionally, such a 
leachables assessment could provide an understanding of the sources of leachables and how to eva[uate and manage leacha¬ 
bles durrng the drug development and manufacturfng processes. The chapter establishes critical dimensions of a leachables 
assessment and discusses practical and technlca! aspects of each dimension. The chapter does not establish specific analytical 
methods or leachables specifications and acceptance enteria forany particular dosageform or packaging system or drug prod¬ 
uct combination; nor does it delineate every situation tn which a leachables assessment is required. It is not possible for a gen¬ 
erał discusslon of drug product leachables to antidpate and cover all situations which can occur in the pharmaceutical industry 
where a leachables assessment might be required. Deslgning an individual leachables assessment is a process that strikes a bal- 
ance between sound science, prudent resource allocatlon, and effective risk management with an emphasis on patient safety 
and product guaiity, Achieving this balance is the responstbllity and obligation of the drug product manufacturer, and assumes 
due consideration of applicabfe legał and regulatory regulrements. The principles and best demonstrated practices outlined in 
this generał chapter represent a consensus interpretation of sound science and can therefore be extrapolated and applted to 
any situation in which a leachables assessment is reguired for pharmaceutical applicatlon, 

In many cases, drug product leachables assessments are based on or facilitated by knowledge from extractabfes assessments 
accompfished on drug product packaging systems, packaging components, and packaging materials of construction (see As¬ 
sessment of Extractables Associated with Pharmaceutical Packaging/Delivery Systems (1663)), 
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KEY TERMS 

This generał chapter uses the folfowing key terms (7,2; also see Pockaging and Storage Requirements (659)), Notę that the 
terms Pockaging System, Pockaging Component, Primary Pockaging Component, Secondary Pockaging Component, and Materials 
of Construction are also defined in (659), and the definitions below are intended for clarif kation purposes with in the context of 
this chapter and are not intended to supersede those provided in (659). 

Pockaging Systems are the sum of packaging components that together contafn and protect the dosage form. Packaging Sys¬ 
tems are also referred to as Container Closure Systems and may include primary, secondary, and tertiary packaging, 

A Contafneris a receptacle that holds an intermedtate compound, active pharmaceuticai Engredient, excipient, or dosage 
form and is in direct contact with the product. 

A Closure Is a materiał that seais an otherwise open space on a Container and provides protection for the contents. It afso 
provides access to the contents of the Container. 

A Pockaging Component is any single part of the package or contamer-dosure system mcluding the Container (e.g., ampuls, 
prefilled synnges, vials, bottles), ciosures (e,g., screw caps, stoppers), ferrules and overseals, closure finers, inner seals, adminis- 
tration ports, overwraps, adminstration accessories, labels, cardboard boxes, and shrink wrap. 

A Primary Packaging Component Is in direct contact or may come into direct contact with the product (e.g., IV bag). 

A Secondary Packaging Component is in direct contact with a primary packaging component and may provide additionai pro¬ 
tection of the product (e.g,, overpouch or dustcover for an IV bag). 

A Tertiary Packaging Component is fn direct contact with a secondary packaging component and may provide additionai pro- 
tectlon of the product during transportation and/or storage (e.g., shlpping carton for an overpouched IV bag). 

An Anallaty Component is a component or entity that may come into contact with a tertiary packaging component during 
the dlstributlon, storage, and transportation of the packaged product (e,g., pallets, skids, shrink wrap, active containers). 

Packaging Materials of Construction are substances used to manufacture packaging components. These are also referred to as 
Raw Materials . 

A Deltvery System is the sum of components and materiais that are used to transport a drug product from its packaging to 
the point of admlnistratlon into the patlent. For example, an adminlstration set is a delivery system that is used to transfer 
liquid drug products from their plastic packaging system to the site of administration to the patient. 

Extractabfes are organie and marganie Chemical entities that can be released from a pharmaeeutical packaging/delivery sys¬ 
tem, packaging component, or packaging materia! of construction and into an extract!on solvent under laboratory conditions. 
Depending on the specifie purpose of the extraction study (discussed below), these laboratory conditions (e.g., solvent, tem¬ 
peraturę, stoichiometry, etc.) may accelerate or exaggerate the normal conditions of storage and use for a packaged dosage 
form, Extractables themselves, or substances derived from extractables, have the potential to leach into a drug product under 
normal conditions of storage and use and become leachables. Thus extractables are potential leachables. 

Leachables are foreign organie and inorganic Chemical entities that are present in a packaged drug product because they 
have leached Into the packaged drug product from a packaging/delivery system, packaging component, or packaging materi¬ 
ał of construction under normal conditions of storage and use or during accelerated drug product stability studies. Because 
leachables are derived from the packaging or deiivery system, they are not related to either the drug product itsetf or its vehi- 
efe and ingredlents. Leachables are present in a packaged drug product because of the direct action of the drug product on 
the source of the leachable. Thus leachables are typically cerived from primary and secondary packaging, because the primary 
and secondary packaging can serve as a barrier between the packaged drug product and other potential sources of foreign 
Chemical entities (e.g., tertiary packaging and andliary components), In certain circumstances, packaging may directly contact 
the patient under ty pica! clrnical conditions of use (e.g., the mouth piece of a metered dose inhaler), As a result of this contact, 
patients may be exposed to leachables from the packaging without the action of the drug product. Leachables are typically a 
subset of extractables or are derived from extractables. Notę that Chemical entities can also migrate from packaging/delivery 
systems to patients via direct contact, 

Migrants are also foreign organie and inorganic Chemical entities that are present in a packaged drug product because they 
have leached into the packaged drug product from a packaging/de!ivery system, packaging component, or packaging materi¬ 
ał of construction under normal conditions of storage and use or during accelerated drug product stability studies. However, 
migrants are differentiated from leachables by the circumstance that migrants accumulate in the packaged drug product after 
the migrant has erossed a physical barrier, such as that provided by primary and secondary packaging, Because migrants cross 
a physical barrier, they are not present in the packaged drug product due to direct action of the drug product on the source of 
the migrant because the barrier prevents such direct action. Thus migrants are derived from secondary and tertiary packaging 
and andliary components. 

Regardless of whether a substance is a leachable or migrant, it Is stlli a foreign substance in the packaged drug product, and 
thus its impact must be assessed in the same manner. However, as the means by which a leachable and a migrant become 
entrained in a packaged drug product may be different, extractables studies meant to address leachables may be designed 
and implemented differently than extractables studies meant to address migrants. 

Leachables Studies are laboratory Investigations Into the qualitative and quantftative naturę of a particular leachables pro- 
file(s) over the proposed shelf-life of a particular drug product. 
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Characterization is the discovery, identification, and quantitation of each individual organie and inorganic leachable present 
in a drug product formulation above a predetermined level or threshold. Such thresholds should be based mainly on patient 
safety considerations, with consideration also given to the tapabilities of analytical technofogy, and other reiated issues. 

Identification is the process of assignmg a molecular structure to an organie leachable, or assigning constituent elements in 
the tase of an inorganic leachable* 

(juantitation is the process of measuring the level, or concentration, of an rndwidual organie or inorganic leachable eon- 
tained in a drug product formulation* 

Leachables Profiles are quafitative and/or quantitative andytical representations of the leachables content of a particular drug 
product formulation. 

Leachables^Extractables Correlations are estabSished wher observed drug product leachables are linked both quaiitatively and 
quantftatively to extractables from associated packaging/delivery systems, packaging components, or materials of canstruction* 
Threshold of Toxicologkal Gońcem (TTC) is a level of exposure for all Chemicals, whether or not there is spedfic toxicity data, 
beiow which there would be no apprectabJe risk to human health (6). The TTC approach is a form of risk characterization in 
which uncertainties arising from the use of data on other compounds are balaneed against the Iow level of exposure* 

Safety Zoncetn Threshold (5CT) is the threshold below which a leachable would have a dose so Iow as to present negligible 
safety concerns from carclnogenic and noncarcinogenic toxic effects* 

Qualification Threshold (QT) is the threshold below which a given noncarcinogenic leachable is not considered for safety 
guaiification (toxicołogical assessments} unless the leachable presents structure-activity-relationship (SAR) concerns* 

Analytical Eyaluation Threshold (AET) is the threshold at or above which a leachable should be characterized and reported for 
toxicological assessment* The AET can be mathematically derived from the SCT (or other threshold concepts) based on factors 
that include the dosing parameters of the drug product* 

As noted, additronal terminology and associated definitions are avatlable (1,2; see also (659))* 

BACKGROUND 

Management of leachables is important to pharmaceuttcal and bioteehnology/biologic product manufacturers and regulato¬ 
ry authonties because certain leachables above spedfic concentrations can present safety concerns for patients and/or eompat- 
ibility issues for drug product formulations* During the 1980s, the U,S* Food and Drug Administration (FDA) began to formalfy 
and comprehensively address leachables in drug products after findings of patient sensitivity induced by leachables and other 
potential safety concerns reiated to leachables {2-4}* Since then, management of both extractables and leachables for packag¬ 
ing systems and finał drug products has become an important part of pharmaceutical development and regulatory submis- 
stons for many dosage form types, particularly for those deemed of relativeły high risk for dosage form interaction with the 
packaging system, along with a relatively high safety risk relattve to the route of administration (see Tabie 1), Notę that Tobie 1 
is a version of the original concept that appears in the FDAguidance Container Closure Systems for Packaging Human Drugs and 
Bblogics (7), in which certain dosage forms in the above guidance have been downgraded to having lower potential for inter¬ 
action with packaging components. Remaining relatively high-risk dosage forms include: inhalation aerosols and Solutions, in- 
jectables and injectabfe suspenslons, ophthalmics, and transdermal ointments and patches* It is important to notę, however, 
that even low-risk dosage forms present some risk and that appropriately rigorous leachables assessments can be important to 
particular drug products in lower risk dosage form categories (e^g., topicals and orał dosage forms, etc.}. 


Tabie 1* Modlfied FDA/CDER/CBER Ri$k-Ba^d Approach to Cortslderation of Leachables 5 (7) 


Ex ample* of Packaging Concerns for Commort Closses of Drug Products 

Degree of Concern 
Associated with the Route 
of Administration 

Likelihood of Packaging Component Dosage Form Interaction 

High 

Medium 

Low 

Highest 

Inhalation Aerosols and Sprays 

injections and fnjectabłe Suspensions; 
Inhalation Solutions 

Sterile Powders and Powders for 
Injection; Inhalation Powders 

High 

Transdermal Ointments and Patches 

Ophthalmic Solutions and Suspensions; 
Na sal Aerosols and Sprays 

— 

Law 

Topical Solutions and Suspensiom; 

To pica! and Lingua 1 Aerosols; Ora! 
Solutions and Suspenslons 

— 

Orał Tablets and Orał (Hard and 
Soft Gelatin) Capsules; Topical 
Powders; Orał Powders 


0 While this tabie provides a corwenient overview of the generał level of regulatory concem with vartous dosage forms regarding leachables, it should not be 
fnferred that "low-risk" dosage forms (e.g., orał tablets) by that deftnttion cany no risk for leachables issues. 


This chapter will describe scientific principles and best practices for the assessment of drug product leachables, and will cov- 
er various important concepts, including: 1) the requirement for leachables studies; 2} fundamental concepts for leachables 
studies; 3) the basis of thresholds for leachables and generał guidance aboul applicalion of these thresholds; 4) design and 
implementatlon of leachables studies; 5} leachables methoc development and valldation; 6} correlation of results from extract- 
ables assessments and routine extractables testing with leachables studies; and 7} establishment of leachables spedfications 
including acceptance criteria. 
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These scientific principles and best practices appEy to alf organizatlons and individuaEs involved in the manufacture, market¬ 
ing, and gualification of drug products and in theEr stability studies, induding but not limited to: 

• Manufacturers of drug products for human and veterinary use where manufacturing may involve operations at the appli- 
cant holdeds faciltties (i.e., fadlities that belong to the holder of an approved New Drug Application or Abbreviated New 
Drug Application) or at those of a contractor for the applrcant holder 

• Manufacturers of combination drug products 

• Packaging operations by the manufacturer or a destgiated contractor for the applicant holder 

• Repatkaging operations in which the drug product may be owned by an organization other than the prfmary manufac¬ 
turer, 

Although it is ultimateEy the drug product applicant's responsibiEity to ensure that appropriate leachables assessments are 
completed, manufacturers and fabncators of pharmaceuticaJ packaging/delivery systems, packaging components, and materi- 
als of construction should also apply these sdentific principles and best practices as appropriate, and applicants are encour- 
aged to work with component manufacturers and fabricators to this end. 

CONCEPTS 

General Concepts for Leachables Assessment 

During the course of manufacturing, packaging, storage, distribution, and administration, dosage forms and/or theśr formu- 
lation constltuents contact components and materials of construction of manufacturing and packaging equipment, and pri- 
mary and secondary packaging components and systems. Such contact may result in mteractions between the dosage form 
and these components and materials. One such interaction is the migration, or Eeacbing, of substances from any of these com¬ 
ponents and materials into the dosage form. Leachables, which can indude both organie and inorganic (i.e,, elemental) Chem¬ 
ical entities with wide Chemical diversity, are of concern due to their potential safety risk to patients and potentiaE compatibifity 
rtsks for the drug product In order to assess these risks and manage the potential issues posed by leachables, it is necessary to 
know their identities and the levels to which they will accumulate in the fmished drug product over its shelf-life, These two 
pieces of Information can be used to estabtish the magnitude of patient exposure (dose) and therefore the safety risk posed by 
an individual leachable, as well as the likelihood of any drug product compatibiiity issues. 

Regulatory guidelines, reguirements, and vaiious best practice recommendations aII State that the definitive assessment of 
the potential impact of contact between a packagrng/delivery system and a finał dosage form involves testing the finał drug 
product for leachables. In its most essential form, this impact assessment Involves performing a migration, or leachables, study 
whose purpose is to discover, identify, and quantitate leacnables that have migrated from the contacted system, components, 
or materials and accumulated in thefinished dosage form under the products actual manufacturing, storage and clinical use 
conditions, A leachabEes study is a laboratory investigatlon into the qualitative and quantitative naturę of a particular leacha¬ 
bles profile(s) over the proposed shelf-life of a particular drug product. The purpose of a leachables study is to systematically 
and rationally identify and guantify (i.e., characterize) drug product leachables to the extent practicable, and within certain 
defined analytical threshold parameters, The results of leachables studies are used in the overal! leachables assessment to un- 
derstand the impact of leachables on patient safety and drug product guality and stability. 

Leachables studies can be used within the context of an overa!J leachables assessment to: 

• FaciEitate the timely development of safe and effective dosage form packaging/delivery systems, manufacturing systems, 
and processes by assisting in the selection of components and matenafs of construction 

• Facilitate the establishment of qualltative and quantitative Eeachables-extractables correlations in drug products, when 
coupled with an appropriate extractabies assessment(s) 

• Establish the worst-case drug product leachables profile in a manner that facilitates the development of drug product 
leachables specifications and acceptance criteria (shouid these be required), and the safety evaiuation/qualification of 
Eeachables 

° Identify trends in drug product leachables accumulation levels over the shelf-life of a particular drug product 

• Facilitate change-control processes for drug product packaging/delivery systems (as appropriate), packaging components, 
materials of construction, formuJation constituents, etc. 

• Facilitate investigations into the origin(s) of identified leachables whose presence causes out-of-spe cifie ation (OOS) results 
for a marketed drug product. 

In these ways, leachables studies and assessments can support Quality by Design (QbD) principles for the development and 
manufacture of pharmaceutical packaging/de!ivery systems and drug products. 

A complete leachables assessment includes understanding the safety impact of individual leachables, safety ąuatification of 
individual leachables, and developing an understanding of the impact of tndividual leachables on drug product stability (i.e., 
compatibiiity) and stability. Although safety quaEification is presented in generał terms, the details of attaining this goal are 
beyond the stopę of this chapter, which is limited to generał sdentific principles and best practices for the conduct of leacha¬ 
bles studies and the other stated uses of the results of leachables studies within an overafl leachables assessment. The reader h 
directed to authoritative manuscripts on this topie (2,S,9). 

Notę that certain packaging and combination product medical device components are (or can be) in direct contact with a 
patienLs mouth, nasa! mucosa, or other body tissue(s) during norma! use of the drug product, Such packaging components 
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include metered dose inhaler and dry powder inhaler mouthpreces, transdemnal patches, etc. Patrents are potentiaNy exposed 
to Chemical entities by direct contaet from such components, Assessment of patient exposure in such direct contact scenarlos 
is best accomplished with appropriate extractabies assessments and extraction studtes, and the reader is referred to (1663). 

Safety Thresholds 

Although feachables represent a particular tlass of drug product Impurity, current regulatory guidance for drug product im- 
purities specifically considers leachables to be out of scope (5). Thresholds that have been spectfically proposed for drug prod¬ 
uct leachables are based on either patient safety considerations or the current capabilities of analytical technology. Safety 
thresholds are particularly important in a leachables assessment because current analytical technology altows detection of tracę 
organfc and morganic Chemical entities at extremefy Iow levels (i.e,, ng/ml; ng/g). Identification and risk assessment (or qualb 
fjcation) of every individuai Chemical entity in a typical leachables profile at the limits of current analytical technology is neither 
necessary from a toxicological perspective nor feasible in a typical drug product. Safety thresholds allow for a science- and risk- 
based determination of acceptable levels of leachables and can be based on established toxicological Information, as well as 
additional safety risk factors that consider, e.g., route of administration, daily exposure, and treatment duration. Because safety 
threshoids are derived from exposure data they are considered in terms of units of exposure, such as Total Daily Intake (TDI). 
Thus, any safety threshold must be converted into units of concentration (e.g., pg/mL) so that it can be applied as an analyti¬ 
cal threshold in the laboratory. The analytical threshold is a guide as to which Chemical entities in the leachables profile should 
be considered for Chemical tharacterization (i.e., confirmed Identification) and safety evaluation and qua!ification. 

An example of a safety threshold concept that has been practically appfied in pharmaceutical devefopment is the Threshold 
of Toxicological Concern (TTC) approach (5). The TTC concept was adopted by the European Medidnes Agency (EMA) to 
evaluate genotoxic impurities, using an excess cancer risk factorof ICH (1 in 100,000) (7). The EMAs proposed safety thresh- 
old for genotoxic impurities using the TTC approach is 1.5 j.ig/day TDL Other examples of safety thresholds include the Prod¬ 
uct Quality Research Institute (PQRI) Safety Concern Threshold (SCT) and Qualification Threshold (QT), derived and proposed 
for individual organie leachables in Orally Inhaled Nasal Drug Products (OINDP) (2,8,9). The SCT is 0.15 pg/day TDI, and the 
QT is proposed at 5 pg/day TD) for an individual organie leachable. The development of the TTC approach provided a founda- 
tion, precedent, and guide for derivation of the PQRi SCT, which incorporates a ICH (1 in 1,000,000) risk factor rather than 
the 10* vaiue used for the EMA threshold. This lower threshold was considered appropriate for leachables in OINDP because 
of considerations regarding the direct de!ivery of some of these dosage forms to diseased organs of a sensitive patient popula- 
tion, and assuming lifetime exposure. In addition, leachables are typically industrial Chemicals with no direct structural relation- 
ship to any acrive ingredient or other formulation constituent Below the SCT, Identification and safety evaluatlon of leachables 
generally would not be required. Below the QT, leachables without structure alerts for carcinogenicity or irritation would not 
require compound-specific safety risk assessment. Notę that neither the SCT nor the QT is a contro! threshold or safety-driven 
limit. Rather, they are leachables evałuation thresholds. The SCT in particular is designed to establish a threshold for characteri- 
zation of unknown drug product leachables. Individual tevels of safety concern, different from the SCT value, could be deter- 
rnined for known leachables and potential leachables (i.e., extractables). 

For OINDP there are certain "special case w compounds and compound dasses, that due to particular safety concems (e.g., 
cardnogenic) were deemed lo require lower thresholds based on the capabilities of spedfic analytical technologies and meth- 
ods. These speciai case compounds for OINDP include; polyaromatic hydrocarbons or polynudear aromatics (PAHs or PNAs), 
A/-nitrosamines, and the individual Chemical entity 2-mercaptobenzothiozole (see Orally Inhaled and Nosal Drug Products 

(1664,1)). 


Information Sharing 

To successfully manage leachables throughout the drug product lifecycle, it is critical to establish close and regular commu- 
nicatlon among those stakeholders throughout the development and drug product lifecycle responsible for the guality of the 
drug product: chemtsts, toxicologists, packaging engineers, manufacturing operations, procurement, etc. With respect to 
leachables, commumcation between the analytical chemist and toxicologist is critical. For example, if a leachable is found to 
be above an accepted limit, or a new leachable is found, a safety evaluation will need to be performed. The chemist will need 
to provide the toxicologist with Information that will help to gualify the ieachabie, including the identity of the leachable, 
which may include compound class or morę spedfic information, such as Chemical formula and structure; and the amount and 
concentration of the leachable in the drug product. 

Information sharing between packaging component manufacturers/suppliers and drug product developers/manufacturers is 
also important in order to guide packaging component and materials of construction selection, provide knowledge of poten¬ 
tial extractables and leachables, and fadlitate Ieachables-extractables correlations via knowledge of packaging component 
Chemical eompositions, etc. (also see (1663)). 
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LEACHABLES STUDY DESIGN 

Although leachables studies may be accomplished at any tirne during the drug product develapment/manufacturing lifecy- 
cle, leachables studies are especially relevant during late stage product development or during forma! product stability assess¬ 
ment Ideałly, leachables assessment is conducted as foltows: 

* The assessment is performed on the actual drug product and not simulations thereof (however, see Simulation Studies). 

ł The assessment is performed with the actual packaghg and delivery system in the form it will be commercialized, not 

with a prototype or on system components. 

* The related extractables assessments are accomplished on the same lots of packaging components used to manufacture 
the drug product lots on which the leachables assessments are performed. 

* The assessment is performed on a product that is manufactured under conditions that reflect the actual commerdal pro- 
cesses of production of the drug product and the packaging/delivery system, fifling of the drug product into the packag- 
ing/delivery system, post-filling treatment of the filled packaging (e.g., terminal sterilization), distribution, storage, and 
clinical use of the drug product. Although leachables studies may include accelerated storage conditions, they cannot be 
limited to accelerated conditions and must include real-time assessment. 

Leachables studies can also be performed eariy in the drug product development process (e.g., preclinical stage) in order to 
facilitate the selection of packaging components and their materials of construction. Such leachables studies are particularly 
useful for certain "high-risk" dosage forms (see Tobie I) where selecting appropriate packaging components and materials of 
construction rs criticaL A variety of packaging components and materials of construction can be evaluated at the same time 
and drug product leachables profileś determined and evaluated for each configuration* For primary packaging systems or 
combination drug/device products this can be accomplished by using either the drug product formulation or a placebo formu¬ 
la tion in contact with the proposed packaging system. In the Satter case, the placebo formulation can be considered as a simu- 
lating solvent to characterize extractables as probable leachables (see Simulation Studies). In either case, the leachables study 
conditions (Le., time, temperaturę, etc*) should be based on conditions that are relevant for either the use-life or sheff-lrfe of 
the drug product* Preclinical development stage leachables studies can be designed in a systematic way in order to support 
QbD processes and prmciples* It is important to also notę that during eariy stage drug product development for high-risk dos¬ 
age forms, leachables characterization is recommended for any drug product batches that are used as test articles in any defin- 
itive toxicology or clinical studies. For "low-risk" dosage forms (e*g., solid orals, topical powders) leachables studies conducted 
throughout deveiopment might be appropnate in order to assess, and thereby avoid, problems with packaging systems that 
might appear either in later stage development or marketed product. 

During łater stage development of high-risk dosage forms in support of product registration, when the finał market form of 
the packaged drug product is available, leachables studies may be accomplished on definitive registration batches of drug 
product during the course of overall product stability studies. The results of these leachables stability studies can be used to 
establish leachables-extractables correlations, identify trends in leachables accumułation levels, evaluate indMdual leachables 
and qualify them on a safety basis, and develop leachables specrfications with acceptance criteria (should these be required). 
For inhalation aerosols and other OINDP, leachables testing should be an integral part of the larger ICH registration stability 
program (2), and storage conditions and stability time points should be planned accorclingly. For cases where a packaging/ 
delivery component is in direct contact with the patient (e.g., a metered dose inhaler or dry powder inhaler actuator mouth- 
piece), Chemical entities that a patient might be exposed to can be evaluated as extractabies (Le*, potential leachables) using 
appropnate simulatmg fluids under time/temperature exposure conditions relevant to the intended use (see (1663))* 

Additionally leachables assessments may be appropnate on certain occasions post-market. For example, drug product leach¬ 
ables studies may also be appropnate in many cases where netessary or des i red changes in a marketed drug product are 
madę. Such leachables studies are normally required to support change-control processes for many high-risk dosage forms, 
particularly those with in-place leachables specifications and acceptance criteria, and could also be appropnate for other dos¬ 
age form types, drug/device combination products, etc. Changes may include but are not limited to: composition of the drug 
formulation; manufacturing processes for the drug product; primary and secondary packaging components or their materials 
of construction; manufacturing or assembly processes for primary and secondaiy packaging components or their materials of 
construction; and delivery system(s) that are part of the drug product labeling. Any change that results in the patient being 
exposed to a different leachables profile than the one approved during registration will reguire leachables studies as part of 
any change-control process unless adeguate scientiflc justification is provided to the contrary. 

Although low-risk dosage forms (e,g., solid orals, topical powders) typically do not rigorously require leachables studies as 
part of the drug product registration process {Tubie 1), rt is possible that leachables could appear in drug product impurity 
prof ileś either during registration stability studies or in marketed products* For example, it has been documented that Chemical 
additives in label adhesives can migrate through plastic primary packaging and appear in impurity profiles of solid orał dosage 
forms packaged within these containers* Thus, it is appropnate to consider performing leachables studies on "low-risk" dosage 
forms in certain cases. If leachables assessment is not performed proactively, such an event could lead to an OOS result for a 
development or marketed product and require an "emergency" leachables study as part of an investigation process* The de¬ 
sign of this type of leachables study depends on the particular situation; however, in generał it would be necessary to identify 
and guantify the leachable(s), evaluate safety and possibly gualify the leachabie(s), and correlate the leachable(s) with packag¬ 
ing component extractables* It is also possible that leachables could result from contact with manufacturing equipment and 
tertiary packaging systems (e.g*, shipping materials)* 
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The design of a particular leachables study depends on the purpose and goals of the overal! leachables assessment* Afthough 
the leachables studies descńbed above have different purposes and overall goals, they reguire similar types of Information for 
their proper design. First, it is important to have information as to the identities and maximum possible accumulation levels of 
all potential leachables* The packaging component manufacturers may provide Chemical composition details for the packag- 
ing/deiivery system and vanous materials of construction, as well as details regarding the manufactuńng processes for these 
components and materials* Such information may be in the form of materiał safety data sheets, technical data sheets, test re¬ 
porty or confidential Communications, and can be used to infer potential leachables* An extractables assessment (tncluding an 
extraction study) can also be accomplished on packaging components and/or their materials of construction to directly assess 
potential leachables (see (1663))* Regardless of how the Chemical information is obtained, if is important to ensure that all 
possible sources of potential leachables from thefinished packaging system are considered. These may indude Chemical enti- 
ties from any of the primary and secondary packaging components and their materials of construction, coatings, cleaning, lu- 
bricattng, cutting, sterilization, assembly, or other processes assodated wtth the rnanufacture of the finał packaging/deliyery 
system as used in the drug product The Chemical information on the packaging and delivery system is used to create a list of 
potential leachables and their possible accumulation leve!$. 

Potential leachables have a significant Chemical diversity, and therefore a diversity of physical and Chemical properties, in- 
cluding pofarity, volatility, solubility, etc. Whereas relatively yolatile compounds can morę readily migrate into any type of for- 
mulation through indirect contact, nonvolatiles generally reguire direct contact Two aspects of formulation contact should be 
considered' the naturę of the formulation contact (i,e v direct or indirect) and the time of contact {transient or contrnuous}* If 
the form ula tion is not in direct contact with the packaging component (e.g., inhalation powder in a capsule packaged in a 
blister) then it is less likely that any relatively nonvolattle compounds would migrate into the formulation from the packaging 
system; however, volati!e compounds might, If the formulation is only briefly contacting the packaging component (e*g,, an 
inhaler mouthpiece) it is less likely that any migration of Chemicals from the component would occur on this transient time- 
scaie. However, if the formulation is in continuous contact with the packaging component (e.g., parenteral in a bag de!ivered 
through an administration set) then all types of compounds coufd potentially migrate into the formulation. 

A rigorous leachables assessment considers leachabfes from sources other than primary packaging, such as necessary secon¬ 
dary packaging and, in certain situations, Lertiary packaging* If the primary packaging consists of a semipermeable polymer 
(e.g., a Iow denslty polyethylene Container), then potential leachables from labels, inks, adheslves, etc. that are used tn the 
secondary packaging must be evaluated. Sinmlarly, volatile compounds that are present in tertiary packaging (e.g„ wooden 
pallets, cardboard boxes, plastic overwraps, etc*) could migrate into a formulation contained in such a plastic bottfe* These 
migrants that are deńved from tertiary packaging should be considered in the event that an unknown impurity is detected or 
suspected in the drug product 

Various charaetenstścs of the drug product formulation must also be considered in designlng any leachables study. For ex- 
ample, formulations are typically either solids or liguids, and it is well documented that physical State affects the ieaching proc¬ 
ess. In the event that a formulation has a change in State during the course of production (e*g., lyophiMzation; liguid to solid) 
then the leachables study shouid be designed taking into consideration the time periods that the formulation is expected to be 
in each physical State. In the event that a formulation has a change in State during the course of use (e.g., nebulization of a 
liguid to vapor) then consideration should be given to both the leachables acguired during storage from the Container of the 
liguid and those acquired during use of the preser i bed deltvery device. In addition, typically only the finał packaged product is 
evaluated for leachables; however, there may be cases In which an intermediate (e.g., bulk capsule for an inhalation powder) is 
stored for long periods of time in different primary packaging (e.g., fotl pouch) from which compounds may leach. If these 
compounds that migrate from bulk packaging persist through the drug producfs manufactuńng process and are entrained in 
the finished drug product, then they are properly treated as leachables. 

The naturę of any contact that the packaging and delivery system has with the patfent must also be considered. If the con¬ 
tact is only surface contact, then the likelthood of direct Chemical migration to the patient is much less than if the contact is 
with mucosa, tissue, bonę, or dentin* The various contact categońes are deseńbed in The Biacompatibifity of Materials Used in 
Drug Contoiners , Medical Devkes , and tmplants (1031 ) or ISO 10993 (7 0). 

LEACHABLES CHARACTERIZATION 

The primary goal of any leachables study is leachables characterization; i.e., the discovery, identification, and guantitation of 
ieachabies present in a particular drug product. Analytical methods for leachables characterization are deve1oped based on the 
naturę of the drug product matrix, the identities and possible accumulation tevels of potential leachables, and the reguired 
sensitivity based on an adopted ieachabies evaluation threshoid and the eapabilities of the analytical methods employed. Un- 
like a typical drug product impurity method where target analytes are related to the drug substance, leachables have a wide 
Chemical diversity and can come from vańous sources in the packaging/delivery system* Leachables also have a wide rangę of 
possible accumulation levefs in a drug product* Taken in total, these factors present a significant challenge for tracę analysis, 
espedaily in the case of organie leachables identification* Under certain circumstances, this challenge can be mitigated by per¬ 
forming the process of potential leachables identification outside of the leachables assessment, for example via extractables 
assessment in sfmufated extractab!es studies (see Simufation Studies )* 

Before deseń bing the processes, analytical techniques, and methods involved in leachables characterization, it Is appropriate 
to State that the ultimate objective of thorough leachables characterization as defined above cannot be realized in all cases, 
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even whert state-of-the-art analytical chemistry is practiced with best available siali and diligence* It is a reality that there is no 
analytical technique or combination of analytical technigues that is capable of the discovery, identification, and quantitation of 
any and all organie and inorganic leachables. For example, authentic reference eompounds for organie leachables may not be 
available in all cases for confirmation of identifications or for quantitative instrument caiibratron. Civen these crrcumstances, 
the practical objective of leachables characterization must therefore be the discovery, identification, and guantitation of rndi- 
vrdual leachables present in a drug product above a predetermined level, or "threshold", to a reasonable degree of scientific 
certainty and exercised with appropriate due diligence. 

Analytical Thresholds 

The starting action in leachables method development is to establish the level at which the method must perform at to ac- 
complish the appropriate leachables characterization functions. This level is known as the analytical threshold. Minimalty, an 
appropriate method must function at all levels greater than or egual to the analytical threshofd. As discussed previously, such 
an analytical threshold can be based on various critena, including safety considerations. An example of a safety-based thresh- 
old is the SCT as established for OINDP. In order to defme the SCT in terms that facilkate laboratory analysis, it must be ton- 
verted from units of exposure (i.e„ pg/day) to units of concentration (e.g„ pg/mL, pg/g, pg/canister, pg/viał, etc,). This is ac- 
complished by considering the dose parameters for a given drug product per the drug product f s label claim. The resulting 
analytical ly useful threshofd is termed the Analytical Evaluatron Threshold (AET) (2). Previously characterized target leachables 
wili have known safety profiles and prevtously established leachables thresholds. In any event, thresholds can be used for the 
basis for analytical method development unless other product considerations, such as compatibiNty, dictate a iower level is 
necessary. 

A generał formula for converting the SCT (0.15 pg/day) to an AET is as follows: 

AET ( ^ = / 0.15pg/day ^ ^ / labeled doses \ 

^Container/ \ doses/day / V contamer / 

Further, for liquid dosage forms: 

/ pg \ |ig ml 

AET (~) =-—- t- : - 

VmL/ Container Container 


Further, for solid dosage forms: 

AET (—) = --5- —^- 

V g / Container Container 


This AET establishes the ievel at wNch unknown leachabies should be identified and quantifted in a particular drug product, 
and can therefore be used as a basis for analytical method development 

Analytical Method Reguirements 

Analytical method requirements for leachables characterization are based on the determined AET (or an alternative valid 
threshold ooneept), and information on potential leachables obtained from extractables assessments of packaging components 
and materiaJs, including information from component/materral suppliers. Since leachables are typicalty a subset of extractables 
or chemically Jinked to extractables, it may be the case that analytical methods used for leachables characterization can be 
based on those used for extractables characterization (see (1663)). Any analytical method for leachables that is used for drug 
product stabtlity studies in support of product registration, establishing leachables-extractables correlations for high-risk dos~ 
age forms, or the devefopment of leachabies specifications and acceptance critena must be subject to compJete validatlon us- 
ing industry-accepted validation practices. 

Preparing the Drug Product for Analysis—Sample Preparation 

Sam ple preparation for leachables characterization is a function of the Chemical naturę of the potential leachables, the 
Chemical naturę of the drug product sample matrix, and the analytical teehnique(s) to be applied, The drug product matrix 
can present a signlficant challenge for organie leachables characterization. Drug product matnees contain the active pharma- 
ceutical ingredient and excipients, which are typically present at high levels relative to leachables (except in certain high po- 










USP 40 


General Information / (1664) Assessment of Drug Product Leachables 2043 


tency drug products). Analytical methods for oigantc leachables usuaily ineorporate sample preparation procedures to separate 
leachables from the drug product matrix and concentrate them for analysis, The exact details of sample preparation proce¬ 
dures are unigue to the indivtduat drug product and while it is Impossible to antidpate every scenario, the foli owi ng generał 
statements can be madę: 

* Aąueous dosage form (e.g., inhalatfon Solutions, smali and large volume parenterals, ophthaimic Solutions, etc.) leachables 
can be recovered ustng liquid-liquid extraction with water immisdble organie so!vents, such as dichloromethane, hexane 
or petroleum ether, etc, The pH of the aąueous sample can be manipułated 0*e. f raised or lowered) in order to enhance 
extraction of weakly acidk or basśc leachables, or redtce extraction problems caused by the relatively high concentration 
of active pharmaceutkal ingredient and excipients, The resulting organie extract can be dried if required (e.g., with mag¬ 
nes i u m sulfate drying agent) and concentrated if reguired by technigues that remove the solvent, such as evaporation 
with a gentle stream of dry mtrogen, rotary evaporation, or a Kudema-Danish concentrator, etc, Concentrated organie 
extracts can be analyzed directly by GC-based methods; however, for HPLC-based methods using aqueous mobile phases 
the organie extract can be reduced to dryness (or near dryness) and the resulting residue of leachables taken up in a wa¬ 
ter miscible solvent (e.g., acetonitrile, methanol, etc.), Volatile leachables (e.g., solvents) can be analyzed directly from 
aąueous drug product samples with CC combined with headspace sampling, Notę that recovenes of certam leachables 
can be affected by ex trach on and extract concentration procedures, 

■ Solid dosage form {e.g., solid orałs, mhalation powders, lyophilized powders, etc,) leachables can be recovered (for exam- 
ple) by dissolving the drug product with an aąueous solution and applying liquid-liquid extraction and extraet concentra¬ 
tion, as above. Headspace sampling and CC analysis o" volatlle leachables can be accomplished on the aqueous samples 
or, in some cases, directly on the solid dosage form, It is ałso possible to dissolve the drug product sample in another 
appropriate and analytically expedient medium (e.g., an organie solvent) for direct analysis by GC; however it is possible 
that matrix effects and interferences from the active ingredients and exclpients could result 

* Oraf liąuid dosage form leachables can be recovered by diluting the drug product sample in agueous solution and applying 
liquid-liquid extraction and extract concentration, as above. Headspace sampling and GC analysis of volati!e leachables 
can be accomplished on the aqueous samples or, in some cases, directly on the orał liquid dosage form. It is also possible 
to dissoke the drug product sample in another appropriate and analytically expedient medium (e.g„ an organie sofvent) 
for direct anafysis by CC; however, it is possible that matrix effects and interferences from the active ingredients and exci- 
pients could result 

* Cream and ointment dosage form leachables can be recovered by dissolvmg the drug product sample in an aqueous solu¬ 
tion, filtehng, and applying liquid-liquid extraction and extract concentration, as above. Headspace sampling and CC 
analysis of volatile ieachables can be accomplished on the aqueous samples. It is also possible to dissolve the drug product 
sample in another appropriate and analytically expedient medium (e,g., an organie solvent) for direct analysis by GC; 
however, It is possible that matrix effects and interferences from the active ingredients and excipients could result. 

* Dosage forms with nonagueous drug product vehlcles (e.g., metered dose inhalers with organie solvent propellants) re- 
quire special sample preparation procedures, which are dlscussed in (1664,1), 

Development of sample preparation methods for leachables characterization can be accomplished through the use of appro¬ 
priate test samples, such as accelerated drug product samples that have been aged under accelerated conditions (e.g., 407 
75%RH on 3-month storage), drug product or placebo samples spiked with known potentiai leachables, and/or a simufated 
drug product matrix spiked with known potentiai leachables. Recoveries of spiked potentiai ieachables should be assessed and 
optimized during method development. Interna! standards can be included to tmprove quanbtative accuracy and predsion. 

Notę that the sample preparation for leachables characterization must create a test sample in a form amenabie to the anafyt- 
ical technigue to be applied, and appropriateiy concentrated so that individual ieachables can be characterized relative to the 
selected threshold. 


Analytical Techniques 

Analytical technigues appfied to leachables characterization are the same as those applied to extractables characterization, 
which are summarized and discussed in (1663), Scouting analyses In generał are not applied to leachables characterization, as 
the drug formufation may interfere with the scouting methods (see (1663)). The most useful analytical technigues for discov- 
ery, identifreation (either by qualitative or structural analysis), and ąuantitation of organie leachables are those that combine 
GC and HPLC with mass spectrometry [i.e., GC/MS and HPLC (or LC)/M$], Headspace sampling can also be interfaced with 
GC/MS to address voJatiie compounds. Other detection systems for both GC and HPLC that are not compound specific (e.g,, 
FID, UV, etc,) are potentially useful for ieachables discovery and ąuantitation, but not in generał for Identification. The combi- 
nation of GC and HPLC technigues has the sensitivity and specificity required to characterize the diversity of Chemical com¬ 
pounds found in many leachables samples. Analytical methods for ieachables should be capable of characterizing target as well 
as new (or unspecified) leachables (e.g., scanning GC/MS or LC/MS); however, when additional sensitmty is required due to 
the use of analytically challenging thresholds, dedrcated target compound methods (e,g„ GC/MS with selected ion monitor¬ 
ing) can be used. It is also possible, with appropriate validation, to use methods based on technlques that are not compound 
specific (i.e., GC/FID, HPLC/UV, etc.). 

Structural analysis of ieachables should be accomplished with a systematic process identical to that described in (1663) for 
extractables, and to a level of confidence sufficient for safety assessment. A discussion of the principles of both gas and liguid 


General Chapters 




General Chapters 


2044 (T 664) Assessment of Drug Product leachables / General Information 


USP 40 


chromatography is availabie in Chromatography (62 1 y A discussion of the pnncipfes of mass spectrometry (including both 
GC/M5 and LC/MS) is available in Mass Spectrometry (7 36>. Although chrornatographic-based hybrid analytical techniques are 
most commonly appiied to leachables characterization, other analytical techniques witki compound-specific detection capabili- 
ty (e.g., nuclear magnetic resonance speetroscopy) can be employed. 

Quantitative Methods—Yalidation Considerations 

Validation of quantitative leachables methods should be accomplished accordrng to mdustry accepted practices, criteria, and 
standards, soch as ValldQtion ofCompendtal Procedures (1225) and (11). The extent of validation requlred depends on the goals 
of the leachables study in which the analytical method is belng utilized. Validation parameters may indude: accuracy, precision 
(repeatability, intermediate precision), spedficity, limit-of-detection, limibof-guantitation, linearity and rangę, and robustness. 
System suitabiUty tests and criteria should also be developed for each leachables method. Special considerations for IndMdual 
validation parameters relative to leachables methods are as follows: 

* Accuracy and precision —The validation parameters of accuracy and precision (repeatability and intermediate precision) are 
typically evaluated using drug product samples spiked with known amounts of target leachables. The choice of drug 
product spiking matrix used for these evaluations should be one that has had little-to-no contact with the packaging ma- 
terrals used in the finał drug product, and therefore little-to-no measurable levels of endogenous leachables, Suitable spik¬ 
ing matrices can indude freshly manufactured drug product and simulated drug product vehlcles. Spiking levels should 
be determined based on results from accelerated stability studies or estimated from the known amounts of potential tar¬ 
get leachables determined from extraction studies, Accuracy is typically performed at three spiking levels, which can also 
be determined based on results from accelerated stability studies or estimated from the known amounts of potential tar¬ 
get leachables determined from extraction studies* 

* Linearity and rangę— Since potential leachables are present in packaging components at widefy varying leve!$, actual drug 
product leachables can likewise appear at widely varying levels. The best accuracy and precision are achieved when the 
validated linear rangę considers the potential maximum accumulation levels of each target (eachable or Chemical class of 
leachables. 

* Limit of detection/Limit of guantitation —To detect and quantitate unknown leachables, the limit of guantitation should be 
at or below the designated analytical threshold {e.g., AET). 

* Spedficity— Evaluation of method spedficity can be accomplished by evaluating chromatographic peak purity in spiked 
and nonspiked drug product samples. for GC-based quantitative methods, this can be accomplished by GC/MS. For 
HPLC-based methods, either LC/MS or LC/DAD (diodę array detection) can be used, Spedficity can be qualitatively derm 
onstrated if there are no observable method interferences related to the Chemical entities present in the drug product. 

* Robustness—A de$łgn-of-expenments statistical approach with consideratron of criticat analytical method parameters (e.g., 
HPLC flow-rate, HPLC column, mobile phase gradient, etc.) should be used to create robustness evaluation protocols. 
Other approaches, such as serial change of critical parameters, can also be appiied. 

* System suitability— Chromatography-based analytical methods, such as those descnbed in (621), should indude approprt- 
ate system suitability criteria for routine method evaluation, including tests for method linearity, precision, sensitwity, and 
spedficity as appropriate. These parameters should be evaluated with an appropriately constituted test mixture(s) each 
time the quantitative leachables method is used, and should indude appropriate system suitability acceptance criteria 
based on the method validation results. For example, sensitivity may be confirmed by analysis of standards prepared at 
the analytical threshold. 

Several examples of validated leachables methods from the sdentific literaturę have been documented in the Chemical litera¬ 
turę (12-17). 


ESTABLISHING A LEACHABŁES-EXTRACTABLES CORRELATION 

A leachables-Hextractables correlation is established when actual drug product leachables can be linked either qualltative!y or 
quantitatively with extractables from corresponding extractables assessments of individual materlals of construction, packaging 
components, or packing systems. Leachables-extractables correlations are important for several reasons, including justifying 
the use of routine extractables release tests of packaging components as an alternative to leachables testing during stability 
studies for high-risk drug products, estab/ishing the source of a (eachable producing an OOS result for a low-risk drug product, 
change eon troi, and ongoing guality control, etc. 

A quafitative correlation is demonstrated when a leachable is linked either direetfy or indireetfy to an extractable (Le., potential 
leachable), For example, hexadecanoic add observed in a leachables profile can be directly linked with hexadecanoic add ob- 
served in the extractables profiles of one or morę primary packaging components. The ethyi ester of hexadeeanoic add ob- 
served in the same leachables profile can be indirectly linked with hexadecanoic acid observed in one or morę extractables 
profiles, if ethanol is a known drug product formulation constituent and it is shown that an esterification reaction can occur in 
the drug product during storage. For an appropriate quandtatrve leachables-extractables correlation to exist, the quantity of 
any indlvidual leachable over the shelf-life of a drug product must be rnathematically related to the quantity of the corre¬ 
sponding extractable In its source. One of the morę simple mathematical relationships between an extractable and a leachable 
is that the guantity of the leachable in the drug product should be less than or equal to the guantity of the corresponding 
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extractable, For example, the concentration of buty!atedhydroxytoluene (BHT) present in a drug product formulation was de- 
termined to be 5 pg/mL BHT was extracted from a primary packaging system component at a level of 300 pg/component If 
the drug product packaging system incorporates one of these components per dosage form and the packaged formulation has 
a volume of 50 mL, then a quantitative leachabies-extractabJes correJation is established, as BHT was extracted in the amount 
of 300 pg (300 pg/component x 1 component) and was Ieached in the amount of 250 pg (5 pg/mL x 50 mL). As a result, it 
tan be concluded that on the average 50 pg of BHT is unaccounted for (300 pg extracted - 250 pg Ieached), and that this 
quantity was either not Ieached from the packaging component into the formulation (morę Itkely) or fost by some other proe- 
ess (less likely). 

For high-risk drug products, !eachables-extractables correlations may be established over muttiple batches of drug product 
(accelerated or at end of sheiMife) and multiple batches of packaging components, Extractables studies should ideally be con- 
ducted on the same lots of components that were used to manufacture the drug product batches used In primary stability 
studies (and therefore on the drug product batches on which leachables testing was conducted to establish leachable$-ex- 
tractables correlations), 

If the maximum level of any specific leachable in the formulation during stability studies was substantially greater than the 
calculated maximum potential acaimulatfon !evels of that same leachable as established by the extraction study, and the ex- 
traction studies were conducted on the same lots of components used to make the primary drug product stability batches, it 
can be concluded that the extraction study was incomplete and therefore a leachables=extractables correlation for that specific 
leachable cannot be established, In this case, either the extraction study can be augmented with experiments that produce an 
extractable level exceeding the maximum level of the leachable, or the leachable can be controlied via the drug product specT 
fieations for shelf-iife stability testing, and release testing as an extractable at the component level is inadeguate to control this 
leachable, 

If a leachable-extractables correlation cannot be established, possible exp!anations include: Inadeguate extractables assess™ 
ments of packaging components (see (1663)); unreported changes in packaging component composition or manufacturing 
processes; unreported changes in the identity of packaging components, 

CONSIDERATIONS IN DEVELOPINC LEACHABLES SPECIFICATIONS AND ACCEPTANCE 

CRITERIA 

The validated analytical methods and Information obtained from those melhods in a drug product leachables study can be 
used to develop drug product leachables specifications and acceptance criteria (Le., limlts). In certain drcumstances, most 
commonly encountered with high-risk dosage forms (such as OJNDP), it may be meaningful, useful, and at ttmes required to 
routineły monitor finished drug products for leachables. Under such drcumstances, leachables specifications and acceptance 
criteria most be established. One means by which such specifications and acceptance criteria could be developed includes test¬ 
ing a minimum of three drug product batches to determine their leachables levels. After thorough Chemical and safety evalua- 
tion, the test data from the three or morę batches can be used to establish acceptance criteria for targeted leachables, consis- 
tent with 1) the qualitative and/or quantitative results of leachables studies, 2) a consideration of the capabifities of the drug 
producfs manufacturing process, and 3) a consideration of the potential safety, compatlbility, and/or drug product quality in> 
pact of the leachables, It is importanf to notę that leachables specifications should be applicable to a product during all stages 
of its shelf-tife, including release and at end of shelf-iife. This is the case sińce leachables accumulate over the entire sheiMife of 
a drug product. 

When a change occurs in a product for which leachables specifications and acceptance criteria have been established, it is 
important to revlew the analytical method and re-evaluate the acceptance criteria and make adjustments to the specifications 
and acceptance criteria as appropriate and scientifically justified, A change in components that results in an increase in leacha¬ 
bles concentrations beyond the fevels qualified will necessitate the toxicological evaluatron of the proposed levels, as would be 
the case for any impunty. 

Acceptance criteria can be both qualitative and quantrtative for both known and unspectfied leachables. For example, a typi- 
cal leachables spedfication could include: 

■ Quantitative end of shelf-iife limlts for larget leachables, which apply over the shelf-iife of the drug product 

* A quantrtative limit for "unspecified" (i.e,, previously unidentified and uncorrelated) leachables (Identification of unspeci- 
fied leachables is reguired foraccurate quantitation and toxicological evaluation), 

ADDiTIONAL CONSIDERATIONS 

Simulation Studies 

Occasions may arise in which it is not analytically feasibie fdue to challenging thresholds, for example) to successfully discow 
er and identify all actual leachables in a drug product leachables study. This circumstance can be managed if the actlvities of 
di5COvery and Identification of probabie leachables are accomplished in an extraction study, where samples and analyte con¬ 
centrations are morę easily manipulated to achieve the ńecessary analytical performance. In such a circumstance, the actual 
drug product leachables assessment is simplified to a high-sensitivity quantitation of targeted leachables that have been dis- 
covered and Identified as part of this extraction study. 
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in order to facilitate the discovery and idendfication of probable leachables, the extraction study must be similar in design to 
a drug product leachables study. Such an extraction study seeks to simulate the circumstances expenenced by the drug prod¬ 
uct but should produce a test sample that is easier to characterize than the drug product itself. For such a study to be relevant 
in establishing appropriate target leachables, the solvent($) used to generate the test sample must have nearly the identical 
propensity to leach as the drug product formulation, Such a study should be accelerated versus the leachables study so that 
the extractables, reflecting potential target leachables, can be discovered and identified in a timely fashion. Differences in the 
study design between thfs simulation study and the drug product leachables study are: 1) that the drug product formulation 
has been replaced with a simulating solvent that mimics the formulation; 2) that the conditions of contact have been acceler- 
ated, so as to increase both the concentrations of probable leachables and the rates of mlgration of probable leachables into 
the simulating solvent; and 3) that the test article can be either the complete packaging and delivery system or separate com- 
ponents of that system. Factors to consider in designing and justifying the simulating solvent(s), atong with recommendations 
on the analytical approach used to characterize the simulating extract for extractables as potential target leachables are dis- 
cussed in (1663). Given the intent of the simulation study, which is the discovery and Identification of extractables as target 
leachables, simulation studies must also be driven by relevant threshoids. 

It is possible that In cases of very Iow threshoids (e.g., AETs), quantitation of drug product leachables might still not be ana- 
lyticaliy feasibie, even with high sensith/ity target compound analytical methods, In such cases, the results of the simulation 
study (probable leachables identities and concentrations) may be suffrcient to establish patlent safety and the quality impact of 
the actual drug product leachables. To the extent that the simulation study mimics the drug product leachables study, 
the potential safety or quality impact of a compound as an extractable is an estimate of the potential safety or guality impact 
of the compound as an actual leachable, If it can be established that a compound quantitated as an extractable under these 
conditions has an acceptably smafl impact on safety and quality, then it follows that the same compound as a leachable in the 
drug product formulation may be assumed to have a similarly Iow impact on safety and quality as a leachable in the drug 
product formulation. The acceptability of this approach for any particular drug product needs to be scientifically justified by 
the drug product applicant. 

If a compound is measured as an extractable in a simulation study and targeted as a leachable in a drug product leachables 
study, the extractables and leachables data for that compound become the basis upon which a leachab!es-extractables corre- 
lation can be madę. For such a correlation to be considered to be valid, it is necessary that each leachable concentration in the 
drug product be less than or equal to the corresponding extractable concentration in the simulated extract, accounting for the 
uncertainty in the analytical measurements and any justifiable "exaggeration factors" that may have been utilized in the simu¬ 
lation study. Notę that in certa in justifiable circumstances drug product placebo batches may be used as test articles in drug 
product leachables studies (stability studies)* Howeyer, there are also circumstances when placebo batches are not acceptable, 
such as when there is significant reason to believe that leachables might have an adverse effect on an active pharmaceutical 
ingredient (e.g., therapeutlc proteins). 


Inorganic (Elemental) Leachables 

The topie of leachables as elemental impurities in pharmaceuticafs can be addressed within the overaf! context of elemental 
impurities in drug products (e.g*, Elemental Impurities—Łtmits (232). Elemental impurities leached from packaging or delivery 
systems represent only one source of elemental impurities Sn a drug product, and thus testing a drug product for elemental 
impurities does not establish that the impurities are leachables, 

Testing of the plastic packaging systems and their materials of construction will establish those extractable elemental impuri- 
ties that are relevant to a particular packaging system, and it may be appropriate to quantify such elemental impurities as 
leachables in the drug product Therefore, the results of testing plastic packaging systems should be used to establish those 
elemental impurities that should be monltored as targeted elemental leachables in the drug product. 

In generał, guideiines and recommendations about elemental impurities in drug products address safety concerns assodated 
with the elemental impurities, However, it is proper to consider elemental leachables from the broader perspectiye of the over- 
all quality of the drug product Thus the process of evałuating elemental leachables may include both the aspects of user safety 
and product guality. 

Notę that one of the differences between the testing for organie leachables (and extractables) and for elemental impurities is 
the naturę of the Information generated* The testing for o-ganic leachables is based on having established the identity of the 
Chemical compound that is the leachable, Alternatively, the test methods most commonly employed to address elemental im¬ 
purities (atomie spectroscopy) do not establish the compound, or form, that the detected element is present in* For example, 
sulfur might be present in the form of elemental sulfur ($ 8 ), as the sulfate ($ 0 A ” 2 ), or as a sulfur-contalning organie compound 
(e.g v 2-mercaptobenzothiazole), Also, Silicon might be present eitheras silicone oil or as Silicon dioxide (Si0 2 )* As the form of 
the efemental impurity may have a marked effect on the impurity 1 * impact on product quality or safety, it may be the case that 
testing beyond elemental impurity profiling may be necessary to establish the exact Chemical form of the elemental impurity 
and thus ascertain its potential safety or product impact. 

An important issue to consider in testing drug products for elemental leachables is establishing which elements to measure 
as leachables. Considering this, it is noted that testing of the plastic packaging systems and their materials of construction will 
establish those extractable elemental impurities that are relevant to a specific packaging system, Therefore, the results of test- 



USP40 


General Information / (1664) Assessment of Drug Product Leachables 2047 


fng piastic packaging systems should be used as one mears of estabiishing Lhose elemental impurities that should be monr- 
tored as targeted elemental leachables* 


SUMMARY 

The requirement for, and completeness of, a leachables assessment for any particular drug product tan only be determined 

by the drug product applicant with reference to appropriaie regulatory guidance documents. Detailed recommendattons for 

OINDP are presented in (1664*1)* 

Reference is also madę to other compendial chapters in this Pharmacopeia Lhat describe related extraction studies: 

T, Biological Reactivity Tests, In Vltro (87) 

2, Biological Reactivity Tests, In Vivo (88) 

3* Elastomerk Ciosures for In jection (381 > 

4* Piastic Packaging Systems and Their Materials of Construction (661) 

5. Piastic Materials of Construction (661 *1) 

6. Piastic Packaging Systems for Pharmaceuticai Use (661 *2) 
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<1664.1 > ORALLY INHALED AND NASAL DRUG PRODUCTS 


INTRODUCTION 

This section addresses specific considerations for leachables in orally inhaled and nasal drug products (OINDP), incfuding 
metered dose inhalers (MDls); nasal sprays; inhalation Solutions, suspensions, and sprays; and dry powder inhalers (DPIs). Al- 
though OINDP can be a combination of products that arecomprised of drug and device constltuent parts, the primary modę 
of action is typically through the drug. For this reason OINDP are treated as drugs from a regulatory perspective. Regulatory 
guidance documents and detailed best practlce recommendattons specific to OINDP are availabie (7-5), Notę that the follow- 
ing discussion is primanly devoted to organie leachables. For consideratton of inorgamt (i.e., elemental) leachables, see Assess¬ 
ment of Drug Product Leachables Associated with Pharmaceutica! Packaging/Delivery Systems <1664). 

KEY TERMS 

In addition to the key terrrts listed In <1664), some additional key terms morę specific to OINDP are the following: 

* Oiticol components are packaging components that contact either the drug product formulation or the patient, or that 
affect the mechanics of the overall performance of the packaging and delivery system, incfuding any necessary secondary 
packaging. The Identification of critical components for a particular OINDP dosage form is the responsibrlity of the appli* 
cant in consuftation with appropriate regulatory authorities. 

* Special case compounds are individual (or classes of) compounds that have special safety or histoneal concerns as drug 
product feachables in OINDP, and therefore must be evaluated and controlled as leachables (and extractables) by specific 
analytical techniques and technology-defined thresholds, 

Additional terminology and associated definitions specific to OINDP are availab!e in the cited references (7-5). 

LEACHABLES ASSESSMENT RATIONALE FOR ORALLY INHALED AND NASAL DRUG PRODUCTS 

OINDP are generally categorized as high-risk dosage forms due to safety considerations related to the route of administra- 
tion and high probabllity of packaging component interaction with the formulation (see Table 7 In (1664)). The packaging 
systems used in these drug products incorporate components of vartous types, induding components composed of polymeric 
(plastic or elastomeric) raw materials with complex chemical compositions and therefore a variety of potential leachables. 
Chemical entities may migrate (i,e., leach) into the formulation when there is direct contact with the primary packaging and 
delivery components for extended periods of time, In certain cases, there is also the potential for leaching from secondary and 
tertiary packaging. In addition, for OINDP, contact of the delivery device with mucosal tissue (mouth or nasal) is generally ex- 
pected, Leachables studies for some OINDP may be considered separately for packaging components that are in continuous 
contact with the formulation (e.g,, vials, bottles, blisters, metering vafve components) versus those that are only in transient 
contact (eg,, DPI mouth piece, MDI mouth piece), 

OINDP typically reąuire: 

* A leachables stability study for drug product registration that supports intended storage and use conditions throughout 
the proposed shelf-tife (see Table 7), ideally on primary drug product stability batches manufactured with the same lots of 
packaging components used in extraction studies (in order to facilitate a leachables-extractables correlation) 

■ Sensitive, selective, and fully validated leachables analytical methods 

■ Leachables assessments based on safety thresholds [Safety Gońcem Threshold (5CT): 0,15 j.ig/day, and Qualificatton 
Threshold (QT): 5 pg/day to tal daily intake (TDI) for an individual organie leachable; however, for exceptions see Special 
Case Compounds] 

* Complete qualitative and quantitative ieachables-extractables correlations (which require that extractabfes assessments be 
accomplished on all critical packaging components; see Assessment of Extractables Associated with Pharmaceuticai Pockag - 
ing/Deiivery Systems (1663)) 

* Leachables spedfications including acceptance criteria (assumes a complete extractables assessment for each critical pack¬ 
aging component). (Notę that in many cases routine extractables testing for release of critical components can be used to 
control drug product leachables in lleu of routine drug product leachables testing, providing that a comprehensive leach- 
ables-extractables correlation Is established.) 

For OINDP dosage forms based on formulations with relatively lower leaching potential for organie compounds (e.g., aque- 
ous formulations, dry powder formulations), the above requirements should be considered and evaluated on a case-by-case 
basis, including consultations with the appropriate regulatory authorities. 


Tafale 1. Example Stability Storage Conditions and Testmg Time Points for an OINDP Registration Leachables Study (5) 


Conditlon 

{tempera turę/rei at i ve humidity) 

Time Points 
(montłu) 

2S ± 2 D C/6Q t 5%RH 

3, 6, 12, 18, 24, 36 (to end of shelf-life) 
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Tafaic 1- Ex ampli! Stablllty Storage Condltlons and Testing Time Points for an OINDP Registratlon Leachables Study (5) (Continuęd) 


Condftlon 

(temperattir e/reta11ve humidity) 

Time Polnts 
(monfhs) 

30 ± 2X/65 ± 5%RH 

i, 6, 12, 18, 24, 36 (to end of shelf-Sife) 

ĄQ ± 2°C/75 ± 5%RH 

3, 6 


ORALLY INHALED AND NASAL DRUG PRODUCTS DOSAGE FORM TYPES 

Metered Dose Inhaler 


MDIs or pressurized MDIs (pMDIs) are defined as "dryg oroducts that contain active ingredientfs) dissolved or suspended in 
a propellant, a mixture of propeltants, or a mixture of so!vent(s), propellant(s), and/or other excipients in compact pressurized 
aerosol dispensers" (2,5), Typical MDIs include a metal canister (stainless Steel or aluminum; coated or uncoated), a fixed-vol- 
ume metering valve (with plastic or elastomeric components), elastomeric seals, and a plastic actuator or mouthpiece (see 
Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance Quality Tests (601)), MDIs are multidose drug 
Container closure and delivery syslems Lhat can contain suffident formulation for up to several hundred actuations (label daim) 
per Container Because many of the cntical packaging components are in continuous contact with an organie solvent-based 
formulation, the MDI has the highest risk for formulation-packaging component interaction, and therefore the highest risk for 
leachables, of all OINDP dosage forms (or any other dosage form). Because of the leaching potential of their organie so1vent- 
based formulations, MDts would typically be expected to show complete quaiitative and quantitative leachables*-extractab!es 
correlations. Leachables in MDIs should be characterized (Le., identified and guantitated) at levels above a calculated analytica! 
evaluation threshold (AET). An AET can be calculated for any OINDP dosage form with consideration of the SCT for OINDP 
(i,e, ( 0,15 jjg/day for an individual organie leachable). An ejcample AET calculation for an MDI follows, 

Civen an MDI drug product with 200 tabeled actuations per canister, a maxirnum recommended patient exposure of 12 
actuations per day, and a critical valve component mass per valve of 200 mg, for an individual organie leachable derived from 
this valve component, the following AET can be estimated: 

Estimated AET = f — 015 P9 /cia y — I x (200 tabeled actuations/canister) 

(12 actuatfons/day J 


Leachables Estimated AET - 2.5 pg/canister 


To convert to an estimated AET, which would be a useful guide for charattenzmg potential leachables via extractbn studies 
of this particular valve component (see (1663)): 


Bctractables Estimated AET = (25 yg/Canister) x 


p 

0.2 


canister/vaive 
g elastomer/vaive 


Ex trać ta bies Estimated AET = 12,5 pg/g 

The AET calculation should not be modified to account for vanab!es, such as manufacturing overfill in the canister to com- 
pensate for leak ratę or fili vanability, unJess such modificatton can be scientifically justified. 

Analytkal methods for leachables testing of MDI drug products can be based on processes such as "cold filtration" of sus* 
pension formulations to remove active ingredient and excipient partides (6) or careful venting of the volatile organie propel- 
lant, which retains leachables in a residue within the canister (7). Because sam ple preparatfon procedures for MDI formulations 
can be comp!ex and typically require the volatr!e propellant to be reduced to dryness at some point, creatrng the possibility for 
ioss of leachables before sample anafysis, ft is partlcularly rmportant to demonstrate adequate recoveries of leachables through 
the use of spiked MDI sampfes, 

Although it is unlikely to contribute leachables to the emitted drug product aerosol plume, potential patient exposure to 
Chemical entities from the MDJ plastic actuator or mouthpiece should be assessed at a threshofd of 20 pg/g (see (1663)). Addh 
tional studies and references required to assess patient exposure to actuator- or mouthpiece-derived Chemicals include refer- 
ence to indirect food addttive regulations and the application of Biological ReactMty Tests, In Vitro (87) and Biological ReactMty 
Tests , In i//vo<88) (2). Notę that "spacers" and other devices designed for use with MDIs should also be characterized if a par¬ 
ticular device is spedfied on the drug product label (3). 

When constructed from materials acceptable for food contact, MDI actuators and mouthpseces, "spacers", and other com¬ 
ponents and devtces spedfied in the drug product labeling generally only require appropriate characterization (i.e. # extraction 
studies and routine extractables testing) in order to assure continuęd consistent composition of the component or device. 

In addition, based on applicable regulatory guidance (2), drug product applicants should consider the following {see 
(1663)): 

* Development and validation of surface organie residue release tests for incoming uncoated metal canisters, with appropri- 
ate acceptance criteria 
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* Development and validation of extractables release tests for the inner surfaces of incoming coated canisters, with appro¬ 
priate acceptance criteria 

* Development and vafidation of extractables release tests for incoming metering va!ve critical components, with appropri¬ 
ate acceptance cnteria 

» Development and validation of extractables profile release tests for incoming actuators or mouthpieces, with appropriate 
qualitative and quantitative acceptance criteria. 


Nasal Sprays 

Nasal sprays are defined as "drug products that contain active ingredients dissolved or suspended in a formulation, typically 
aqueous-based, which can contain other exdprents and are intended for use by nasal inhaiation" (7,5). Nasal sprays include a 
plastic Container and components (usually piastic) that are responsible for formulation metering, atomization, and delivery to 
the patient (see (601)). Critical components include those that are in constant contact with the formulation (e.g., the Contain¬ 
er, dip tubę) and components that are in the liquid pathway during actuatlon of the device and that do not permit quick 
evaporation of residual surface liquid (4). Because nasal sprays are typically aqueous-based formulations, and the vast majority 
of potential organie ieachabies are relatively lipophilic, the risk for formulation-packaging component interaction is lower rela- 
tlve to the organie propeilant-based MDIs, and the risk for organie Ieachabies is lower. Leachables in nasal sprays should be 
characterized (i.e., identified and quantitated) at levels abcve a calculated AET. An AET can be calcu lated for any OINDP dos- 
age form with consideradon of the SCT for OINDP (i.e., 0.15 pg/day for an individual organie leachable). An example AET 
calculation fora nasal spray foJlows. 

Grven a nasal spray drug product with 120 fabeled actuations per Container, a maxtmum recommended patient exposure of 
4 actuations per day, and a critical component (plastic dip tubę) mass of 250 mg, for an individual organie leachable derived 
from this component, the following AET can be estimated: 


Estimated AET = 


CL15 pg/day 
4 actuations/day 


x {120 fabeled a ctu a tions/co n t a i n e r) 


Given a lotal fili volume of 10 ml: 


Leachables Estimated AET = 4.5 pg/container 

Estimated AET - (4.5 jg/container)/(l 0 mL/container) 

Estimated AET = 0.45 pg/mL 

To convert to an estimated AET, which would be a useful guide for charaeterizlng potential ieachabies via extraction studies 
of this partieufar plastic dip tubę (see (1663)): 


Extradables Estimated AET = (4.5 pg/Container)x 


1 Container 


0.25 g materiał/tubę 


Extractables Estimated AET - 18 pg/g 

The AET calculation should not be modified to account for variables, such as manufacturing overfil!, unless such modification 
can be scien tifically justified, 

Ali nasal spray packagtng system critical components should be subjected to extractable$ assessments (see (1663)). Potential 
patient exposure to Chemical entities from nasal spray critical components not in continuous contact with the drug product 
formulation should be assessed at a threshold of 20 pg/g (see (1663)). Additional studies and references required to assess 
patient exposure to nonformulation contact critical component derlved Chemicals include reference to indirect food additiue 
regulations and the applkation of (87) and (88) (/). 

When constructed from materials acceptable for food contact, nasal spray critical components not in continuous contact 
with the drug product formulation generally oniy need to be appropnately characterized (i.e., extraction studies and routine 
extractables testing) In order to assure continued consistent composition of the component. 

In addition, based on applicable regulatory guidance (7), drug product applieants should consider the following (see 
(1663)): 

* Development and vafidation of extractables release tests for incoming Container ciosure and pump critical components, 
with appropriate qualitative and quantitative acceptance criteria. 


Inhaiation Solutions, Suspensions, and Sprays 


Inhaiation Solutions, suspensions, and sprays are defined as "drug products that contain active ingredients dissolved or sus* 
pended in a formulation, typically aqueous-based, which can contain other excipients and are intended for use by orał inhala* 
tion" (7,5). Inhaiation Solutions and suspensions are intended for use with a nebufizer (7,5), Inhaiation sprays, like MDIs and 
nasal sprays, are comblnation products where the components responsible for the metering, atomization, and delivery of the 
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formufation to the patient are a part of the Container closure system (7,5). Critical components rnclude components Lhat are in 
constant contact with the formulation and components that are in the liquid pathway durtng actuation of the device and that 
do not permit quick evaporation of residual surface llquid ( 3). Leachables in inhalation sprays should be characterized (i.e., 
identified and guantitated) at leveis above a calculated AET. An AET can be calculated for any OINDP dosage form with consid- 
eration of the $CT for OINDP (i.e*, 0.15 pg/day for an indtwdual organie leachable). An example AET calculatron for an inhala¬ 
tion spray follows. 

Given an inhalation spray drug product with 120 labeled actuations per Container, a maximum recommended patient expo- 
surę of 4 actuations per day, and a critical component (plastic dip tubę) mass of 400 mg, for an individual organie leachable 
derived from this component, the foliowing AET can be estimated: 

Estimated AET = ( 015 ^day I x m 20 labeled actuałions/container} 

\ 4 actuations/day ) 


Leachables Estimated AET = 4.5 pg/container 

Given a total fili volume of 4.5 mL: 

Estimated AET = (4*5 pg/container)/(4.5 mL/container) 

Estimated AET - T pg/mL 

To convert to an estimated AET, which would be a useful guide for characterizing potential leachables via extraction studies 
of this particular plastic dip tubę (see <1663)): 

Estimated AET = f ■ — |* (120 labeled aciuations/coniainer) 

(4 actuations/day ) 

Extractabies Estimated AET = 11.3 pg/g 

The AET calcufation should not be modified to account for variables, such as manufaeturing overfill, uniess such modification 
can be scientifically justrfied* 

Because inhalation Solutions and suspensions are similar to nasal spray and inhalation spray drug products in that they are 
typically aqueous-based formufatlons, and the vast majority of potential organie leachables are relatively lipophilic, the risk for 
formufation-packaging component interaction is lower relacive to the organie propellant-based MDIs, and the risk for organie 
leachables is lower* However, unlike MDIs, nasal and inhalation spray drug products, inhalation Solutions, and suspensions are 
typically packaged in plastic unit dose containers (Le., nebules). teaching can potentiaily occur from the unit dose Container 
[e.g., low-density pofyethyiene (LDPE)], which is in long-term continuous contact with the drug product formulation. It is also 
possible that organie Chemical entities associated with paper labels, adhesives, rnks, etc* in direct contact with the permeabie 
unit dose Container can migrate through the Container and mto the formulation. Leachables from tertiary packaging Systems 
(e.g., cardboard shipping containers) are also possible. Leachables in inhalation Solutions and suspensions should be charaeter- 
ized (Le„ identified and quantitated) at levels above a calculated AET. An AET can be calculated for any OINDP dosage form 
with consideration of the 5CT for OINDP (Le., 0.15 pg/day for an individual organie leachable)* An example AET cafculation for 
an inhalation solution follows* 

Given an inhalation solution with 3 mL of drug product contained in a LDPE unit dose vial (1 g total weight of LDPE), with a 
maximum recommended patient exposure of three vials pe f day, for an individual organie leachable derived from this compo¬ 
nent, the following AET can be estimated: 

Estimated AET_f 045_pg/day 1 ^ i a ^ e j e ^ dose/container) 

^3doses/dayJ v 


Leachables Estimated AET - 0.05 pg/container 
Estimated AET = (0*05 pg/contamer)/(3 mL/contarner) 

Estimated AET = 0.01 7 pg/mL 

To convert to an estimated AET, which would be a useful guide for characterizing potential leachables via extraction studies 
of this particular plastic unit dose vial (see (1663)): 


Extractabfes Estimated AET 


= (0*05 pg/container) 


4 


1 Container 
matę rial/conta in er 


Extractables Estimated AET = 0*05 pg/g 

The challenge of characterizing drug product leachables at levels of 1 7 ng/mL in an aqueous drug product is considerable, 
even given the capabilittes of modern analytical chemistry. For this particular inhalation solution example, It might be appro- 
priate to implement a simulation study (see (1663) and (1664)) to fadlitate the discovery and Identification of probable leacha- 


General Chapters 







General Chapters 


2052 (1664.1) Orally Inhaled and Nasal Drug Products / General Information 


USP40 


bies, with actual drug product leachables being quantitated (if reguired) with high-sensitMty target compound anafytica! tech- 
niques and methods. 

Ali inhalation solution, suspension, and spray packaging system critical components should be subjected to extractables as- 
sessments (see (1663)), Potential patient exposure to Chemical entities from inhalation solution, suspension, and spray critical 
components not in continuous contact with the drug product formulation should be assessed at a threshotd of 20 pg/g (see 
(1663}). Additional studies and references required to assess patient expo$ure to nonformulation contact critical component- 
derived Chemicals include reference to indirect food additive regulations and application of (87) and (88) ( 1 ). When construc- 
ted from matenals acceptable for food contact, inhalation solution, suspension, and spray critical components not In continu¬ 
ous contact with the drug product formulation generally only need be appropriately characterized (i,e„ extraction studies and 
routine extractables testing) in order to assure continued consistent composition of the component Critical components of 
nebulizers and other devices designed for use with inhalation Solutions and suspensions should also be characterized with re- 
spect to extractables and leachables if a particular devtce is specified in the drug product labefing. 

Based on applicable regulatory guidance for inhalation Solutions, suspensions and sprays (f), drug product applicants should 
consider the following (see (1663)): 

* Development and vatidation of extractabies reJease tests for incoming Container closure and pump critical components, 
with appropriate qualitative and quantitatlve acceptance criteria 

* Consideration of yalldated tests for probable leachables from labels, inks and adhesives, etc., with appropriate acceptance 
criteria (should these be appropriate and applicable). 

Dry Powder Inhalers and Inhalation Powders 

DPIs are defined as "drug products designed to dispense powders for inhalation" (2,5). The drug substance in an inhalation 
powder has a particie size distribution in the respirable rarge, and may be a physrcal mixture of active pharmaceutical ingredi- 
ent(s) with carrier particles or a formulated combinatlon of active ingredient and excipients (see (601». The powder may be 
contalned in a unit dose packaging system (e.g., capsule, bllster), or reside in bulk in a reservoir inside the delivery device itself. 
In the latter ease, the dose is me te red by the device, The delivery device may actively disperse the powder from the Container 
or rely on patient inspiration to supply the energy necessary to disperse the particles. The components and the design of the 
device are integrai to the aerosol characteristrcs (i.e., mass and particie size distribution) of the formulation defivered to the 
patient There is a wide diversity of DPI designs and characteristics (2), 

Of all OINDP, the DPI has the lowest risk of exposing a patient to leachables at signiflcant levels, The reasons for this are: 

1. The DPI drug product formulation is a dry powder, and contains no solvent, either organie or agueous, which can pro- 
mote leaching of organie (or inorganic) Chemical entities. 

2. In a unit dose DPI, the drug product formulation is eontained in a separate packaging system, and is usually only in transi- 
ent contact with critical components of the device itself. 

The most likely source of leachables in a unit dose DPI would be the materiał composing the unit dose Container, such as a 
foif laminate bllster or capsule materiał, or the materiał composing the dryg product reservoir in a multidose DPI (induding 
antistatic surface additives). Leaching would have to occur either via dlrect contact of the drug product powder with the pack¬ 
aging materiał, via yolatilization of organie Chemical entities from the Container closure materia! with depositlon on the dry 
powder, or via mlgratlon of organie Chemical entities through the primary packaging materia! with depositlon on the dry pow¬ 
der. The possibility of observing leachables from the DPI unit dose Container is best evaluated with detailed extraction studies 
on the Container materia! to identify potential leachables, which coufd possibly migrate to the dry powder by either solid-sofid 
contact or vołatiiization and have potential safety concems. 

The device and packaging matenals are typically evaluated for potential leachables by extraction and slmulation studies (see 
(1663)) to determine whether there are Chemical entities at levels that would pose a safety concern, The evaluatton of materi¬ 
ał* Lhat contain the inhalation powder must consider the inks and any other processing aids used in the manufacture of the 
Container so that al! potential leachables are characterized, The types of compounds of greatest concern for inhalation pow¬ 
ders are those that may migrate from the primary packaging (i.e,, unit dose Container or multidose reservoir) into the formula- 
tion. Extraction and simulation studies should consider all possible mechanisms of leaching, induding volatllizatlon. Actual and 
potential leachables in inhalation powders derived from critical components of the packaging system or device that may have 
continuous tang-term contact with the drug product formulation should be characterized (Le., identified and guantitated) at 
leve!s above a calculated AET. An AET can be calculated for any OINDP dosage form with consideration of the SCT for OIJSJDP 
(Le., 0.1 S pg/day foran individual organie leachable). An example AET calculation for an inhalation powder follows. 

Given a DPI containing 13 mg of Inhalation powder in a unit dose bllster with 50 mg of bllster materia! either in direct con¬ 
tact with the formulation or capable of vofatilizing leachables into the headspace above the formulation, with a maximum rec- 
ommended daily exposure of 2 actuations per day, for an nd*vidual organie leachable derived from this materiał, the following 
AET can be estimated: 


Estimated AET - f | (i tabeied dose/blister) 

[ 2 doses/day J 1 ' 


Leachables Estimated AET - 0.075 rig/blister 
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To oonveit relative to the total mass of drug product in a blister: 

Estimated AET = (0.075 ng/b!ister}/(0.G13 ng drug product/blister) 

Estimated AET b 5.8 pg/g drug product 

To convert to an estimated AET, which would be a usefu! guide for characterizing potential leachables via extraction studies 
of this particular blister materiał (see (1663)): 

Extra eta bies Estimated AET = {0.075 pg/blisteruf o[ _ 1 bl ' Ster ,, Ll . -1 

1 ™ ; ( 0.05 g material/blister J 

Extractables Estimated AET = T.5 pg/g 

The challenge of characterizing drug product leachables at levels of 5.8 pg/g in an inhalation powder is consrderabfe, even 
given the tapabilities of modern analytical chemistfy. For this particular DPI examp!e, it might be appropriate to implement a 
simulation study (see (1663) and (1664)) to fadlitate the di$covery and Identification of probable leachables from the blister 
materiał, with actual drug product leachables heing quantitated (if reguired) with high-sensitivity target compound analytical 
technigues and methods. 

Ali inhalation powder packaging system and DPI device critical components should be subjected to extractables assessments 
(see (1663)). Potential patient exposure to Chemical entities from inhalation powder packaging system and DPI devite critical 
components not in continuous contact with the drug product formulation should be assessed at a threshold of 20 pg/g (see 
(1663)). Additional studies might be required to assess patient exposure to nonformulatron contact critical component derived 
Chemicals, mcluding reference to food additive regulations and application of (87) and (88) (2), 

When constmcted from materials acceptable for food contact, inhalation powder packaging system and DPI devite critical 
components not in continuous contact with the drug product formulation generally only need be appropriately characterized 
(Le., extraction studies and routine extractables testing) to assure condnued consistent composition of the component. 

In addition, for DPIs and inhalation powders, and based on applicable regulatory guidance (2), drug product applicants 
should consider the fofiowing (see (1 663)): 

* Development and validation of extractables release tests for incoming inhalation powder packaging system and DPI de- 
vice critical components, with appropriate qualitative and quantitative acceptance criteria. 

ADDITIONAL CONSIDERATIONS 

Analytical Uncertainty 

An AET is that concentration above which unknown leachables should be characterized and reported for toxicological as- 
sessment Target leachables (previously characterized as potential or probable leachables from extractables or simulation stud¬ 
ies) will have known safety profiles and preyiousfy established leachables thresholds. In addition, reference compounds for pre- 
yiously characterized potential leachables will allow for accurate and predse guantitation of lhose target leachables as actual 
drug product leachables. Characterization of unknown leachables reguires consideralion of analytical uncertainty, as the loca- 
tion of an AET in a given leachables profile (e.g., a gas chromatography/mass spectrometry [GC/MS] chromatogram) must be 
accomplished re!ative to an interna! standard(s) within the leachables profile. Analytical uncertainty for a particular analytical 
technigue or method can be estimated based on the analyss of a series of reference compounds to create a response factor 
database. The reference compounds induded in this database should represent alf known potential leachables (i.e., as deter- 
mined from extractab!es assessments). For OINDP, it is recommended (3,5) that the estimated AET be lowered by a factor de- 
fmed as 1 % relative standard deviation in an appropriately constituted response factor database, or a factor of 50% of the 
estimated AET, whicheyer is greater. Detailed examples of response factor databases and AET determinations are available 
(IS). 


Special Case Compounds 

Polycyclic Aromatrc Hydrocarbons (PAHs) or Polynuclear AromaUcs (PNAs), N-nitrosamines, and 2-mercaptobenzothiozole 
(2-MBT) are considered to be "special case" compounds (i,e„ compounds with special safety and historical contems), reguir- 
ing special characterization studies using specific analytical technigues and methods (?-3,J), Thresholds for characterization of 
these compounds as extractabies or leachables in OINDP are typically based on the limits of these specific analytical techni- 
ques and methods. Tobie 2 lists the PNAs and N-nitrasamines that, along with 2-MBT, are typically inyestigated as extractables 
and leachables in OINDP. 


Table 2. PAHs, PNAs, and NNltrosamines Typically Inyestigated as Extractables and Leachables for OINDP 


Target PAHs/PIMAs 

Target N-nltrasamines 

Naphthalene 

N-H\ trosod im et hylaml ne 

AcmaphŁhyEgne 

N- N i t ro so di ethy 1 aminę 
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Table 2. PAHs, PNAs, and N-Nitrosamines Typ i taiły Irwesti; 

gated as Extractab1es and Leachabtes for OINDP (Continued) 

Target PAHs/PNAs 

Target N- nitro sarnin es 

Aeenaphthene 

N-U i trosocl i - n-butylamine 

Fluorene 

N-Nitrosomorphofine 

Phenanthrene 

N-N i trosop i pe ri d i ne 

Arithracene 

N- N ftroso py rro 1 id i ne 

Fluoranthene 

— 

Pyrene 


8 enzo(o) a n th ra ce ne 

__ 

Chrysene 

— 

Benzo(5)fluoranthene 

— 

Be nzo( k)fl u o ra n the n e 

— 

Benzo(e)pyrene 

— 

Benzo(a)pyrene 

— 

lndeno(l 23-cd)py rene 

— 

D ib en zo(ah)a nth ra cen e 

— 

Benzo(pb/)perylene 

— 


PNAs have been assodated with carbon black filier used in many types of elastomer Analysis of PNAs, either as elastomer 
extractables or as drug product leachables, usually [nvoives quantitative extraction followed by higbfy speciftc and sensitive 
analysis of resulfing extracts. CC/M5 with selected-i om monitoring has been reported for analysis of target PNAs as leachables 
in MDI drug products, for example (6). N~Nitrosamines are reactlon products between specific organie precursor molecules, 
secondary amines (R 2 NH), and a "nitrosating agent". In the compounding of rubber, secondary amines are ItkeJy formed fronn 
certain vulcanization accelerators soch as thiurams and dlth idea rba matę s. Potentiai nitrosating agents include N0 + , N 2 0 3 , 

H 2 O a , etc., certain of which tan be formed from tom mon 'y used Chemicals such as sodium nitrite (NaN0 2 ), whith has many 
tndustnal uses. Analysis of N-nitrosamines in rubber as potential leachables invo!ves quantitative extraction followed by analysis 
of extracts with gas chromatography/thermal energy analysis defection (GC/TEA) (#). Analysis of N-nitrosamines as leachables 
in MDI drug products using GC/TEA has been reported (7). The 2-MBT is a vulcanizatton accelerator, which is used in certain 
sulfur-cured elastomery and can be anafyzed by extraction followed by LC/M5 (5), 
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<1 724) SEMISOLID DRUG PRODUCTS—PERFORMANCE TESTS 

SCOPE 

The scope of this generał chapter is to provide generał information for performance testmg of semisolid drug products, varl- 
ous types of equipment employed for such testing, and potentiai applications of the performance testmg. 

PURPOSE 

This chapter provides generał information about performance testing of semisolid drug products, the theory and applica- 
tions of such testing, information about the avaiEabifity of appropnale egulpment, and likely developments in performance 
testing of semisolid drug products. General chapter Topkal and Transdermal Drug Products—Product Quality Tests (3) provldes 
Information related to product guality tests for topical and transdermal dosage forms, Drug Release {724) provides procedures 
and detaiis for testing drug release from transdermal Systems, and this chapter (1 724) provides procedures for determining 
drug release from semisolid dosage forms. 

INTRODUCTION 

This chapter provides generał information for in vitro testing of semisolid drug products, Semisolid dosage forms include 
creams, ointments, gels, and [otions. Semisolid dosage forms may be considered extended-release preparations, and their drug 
release depends largely on the formulation and manufacturing process, The release ratę of a given product from different man- 
ufacturers is likefy to be different. 

Drug Product Quality and Performance Tests 

A USP drug product monograph contains tests, analytical procedures, and acceptance critena. Drug product tests are divi- 
ded into two categories: (1) those that assess generał quality attributes, and (2) those that assess product performance, e.g., in 
vitro release of the drug substance from the drug product. Quality tests assess the integrity of the dosage form, but perform¬ 
ance tests, such as drug release, assess attributes that relate to in vivo drug performance. Taken together, guality and perform¬ 
ance tests are intended to ensure the identity, strength, quality, purity, comparability, and performance of semisolid drug 
products. 

Detaiis of drug product quality tests for semisolid drug products can be found in chapter (3). Product performance tests for 
semisolid drug products are conducted to assess drug release from manufattured pharmaceutical dosage forms. In vitro per- 
formance tests for semisolid products do not, however, directfy predict the in vivo performance of drugs, as the primary factor 
that impacts bioavailability and clinical performance are the barrier properties of the epitheiia to which the product is applied 
(epidermal or mucosal tissues). Although product performance tests do not directly measure bioavaiIabitity and relatlve bioa- 
vaUabi[ity (bloequivalence), they can detect in vitro changes that may correspond to afterecl in vivo performance of the dosage 
form. These changes may arise from changes in physlcoehermcat characteristics of the drug substance and/or exdptents or to 
the formulation itself, changes in the manufacturing process, shipplng and storage effects, aglng effects, and other formulation 
and/or process factors. 

At present, a product performance test is available to evaluate in vitro drug release for creams, ointments, lotions, and geis. 
Several available apparatus can be used for this evaluation, inciuding the vertical diffusion celi, immersion celi, and a special 
celi used with USP Apparatus 4, Because of the significant impact of in vitro test parameters, such as release media, porous 
membranę and dosing, and the interaction of these parameters with a given drug product, the primary use of in vitro drug 
release testing is comparlson testing in which any differente in delivery ratę is undestrable. Drug release testing Is most sultabie 
for evatuation of smali formulation and process changes, manufacturing site changes, and stabtlity testing. The evaluation or 
comparison of large formulation changes may provide unmeaningful results, unless extensive validatlon is performed to sdect 
test parameters that ensure that the sensitivity of the test is meaningfulfy correlated with in vivo performance. The only re- 
guired regulatory use of the in vitro release test is to determine the acceptability of minor process and/or formulation changes 
In approved semisolid dosage forms (see FDA Guidance forlndustry—Nonsterile Semisolid Dosage Forms—Scale-Up and Postap- 
provai Changes: C hemfstry, Manufacturing, and Controls; in Vitro Release Testing and In Vivo Bioequivalence Documentation ; availa- 
ble at http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformafion/Guidances/UCM070930.pdf), 

This chapter provides generał information for testing in vitro performance of semisolid drug products. 
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C hangę to read: 


IN V1TR0 PERFORMANCE TESTS 

Theory 

The diffusion cel! is a reliable and reprodudble means of measurmg drug reiease from semisolid dosage forms. A thick layer 
of the semisolid product under evaluation is placed in contact with a medium in a reservoir, and the latter aets as a receptor 
when the drug substance diffuses through the formulation, across the membranę, and into the resen/oir, Diffusion occurs 
across an inert, highly permeable support membranę. The membranę is intended to keep the product and the receptor medi¬ 
um separate and distincU Membranes should offer the least possible diffusional resistance and should not be ratę controlling. 
Samples are withdrawn from the receptor cham ber, typically at 1 -h intervals over a 4-6 h period, 

After a short lag period, reiease of drug from the semisolid dosage form is kinetically described by diffusion of a Chemical out 
of a semi-infinite medium into a sinic The momentary reiease ratę tracks the depth of penetration of the forming gradient 
within the semisolid. Beginning at the moment when the receding boundary layer's diffusional resistance assumes dominance 
of Lhe kinetics of reiease, the amount of the drug released, m t becomes proportional Lo (where t = time) for solution, sus- 
pension, or emuteion semisolid system alike. The momentary ratę of drug reiease, dm/dt, becomes proportional to 1/Vf, which 
reflects the slowing of drug reiease with the passage of time. The resen/oir is kept large so that over the en tire course of the 
experiment, the concentration of the drug released into a medium remains highly dilute relatiye to the concentration of drug 
dissolved in the semisolid, In these circumstances, drug reiease is sald to take place into a diffusional sink. 

When a drug is totafly rn solution in the dosage form, the amount of drug released as a function of time can be described by 
Eguation 1: 

m=2 * C|, i? 

where m is the amount of drug released into the sink per cm 2 , Q is the drug concentration in the releasing matrix, and D is the 
drug diffusion coefficient through the matrix, 

A plot of m versus will be linear with a sfope of: 



Equation 2 describes drug reiease when the drug is in the form of a suspension in the dosage form: 

m=J2*D„KC s (o-^]*f 

where D I1f is the drug diffusion coefficient in the semisolid matrix, is the drug solubilrty in the releasing matrix, and Q is the 
total amount of the drug in solution and suspended in the matrix, When Q » C s , Eguation 2 simplifies to Eguation 3: 

m = fexQxD m xC t xt 

A plot of m versus will be linear with a slope of: 

m= 72 xQxD m xC s 

Coarse partrcles may dissolve so slowly that the movmg boundary layer recedes to some extent 
situation introduces noticeable curvature in the Vf plot because of a particie slze effect. 

During reiease ratę experiments, reasonable attempts should be madę to keep the composition 
over the releasing period. 

Drug Reiease Ratę Determination Using Vertical Diffusion Celi Apparatus 

Many yertica! diffusion celi (VDC) Systems are composed of 6 -celi units. Each VDC celi assembfy consists of two chambers (a 
donor chamber and a receptor chamber) separated by a membranę and held together by a clamp, serew top, orother means 
(see figurę 1-Model A, Figurę 2-Modei B f and Figurę 3-Modet Q, Other diffusion cells that are similar in generał design also can 
be used. In the donor chamber, the semisolid dosage form sample sits on a synthetic, inert, highly permeable support mem¬ 
branę. For the VDC Model A, the sample sits on the support membranę within the cavity of the sample chamber covered with 
a glass disk, 

Typically, amounts of the semisolid sample NLT 200 mg are used. Diffusive communication between the semisolid sample 
and the reservoir takes place through the support membranę. The membranę is intended to keep the drug product sample 
and receptor medium separate and distinct, A heating jacket or a suitabJe device should be used to maintain the temperaturę 


behind the particles. That 
of the formulation intact 
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wlthin the celi. The release ratę experiment is carried out at 32 ± 1°, except in the case of vaginai drug products far whieh the 
temperaturę should be 37 ± 1 Usuafly a set of 6 celi assemblies are operated together at one tinne (i.e., single run). Sampling 
generally is performed over a 4-6 h time period, and the vo!ume withdrawn is replaced with stock receptor medium. To ach- 
ieve sink condition, the receptor medium must have a high capacity to dlssolve the drug, and the drug concentration in the 
receptor medium at the end of the test ideally should be as Iow as possible. For each celi, the amount of drug released (pg/ 
cm 2 ) at each sampling time (t„ t 2f etc.) is determined, and the cumulative amount released plotted versus The sfope of the 
resulting linę is a measure of the ratę of drug release. The test ts often conducted with a group of ó or 12 cells per test run. The 
average of 6 slopes for each test and reference product is a measure of the drug release ratę from the dosage form. 



Figurę 1. Vertical diffusion celi-Modef A (Ali dimensions are in mm. AU diameters are ±0.5 mm. AJI lengths are ±2 mm). 
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Figurę 2* Verticaf diffusion cell-Model B (Alf dimensions are in mm. Ali diameters are ±0,5 mm. Afl lengths are ±2 mm). 



Figurę 3. Vertical diffusfcm cell-Model C (Ali dimensions are in mm. Ali diameters are ±0.5 mm. Ali lengths are ±2 mm). 

The VDC body (i.e., donor and receptor chambers) usually is madę from borosilicate glass, although different materials may 
be used to manufacture the body and other paris of the VDC assembly, It is recommended that the celi assembly materials 
should not significantly react with, adsorb to, or absorb the test product or samples. The semisolid dosage form is placed on a 
membranę with in the cavky of the dosage cham ber that can be occluded. The diameters of the orifices of the donor chamber 
and receptor chamber, whkh define the dosage delrvery surface area for the test, should be sized within ±5% of the specified 
diameter. The diameter of the donor and receptor chamber orifices may vary depending on the appl kation. The receptor 
chamber orifice should rtever be smaller than the orifice of the donor chamber but should be fabrrcated to the same size as the 
donor chamber orifice. The design of the VDC should facifitate proper alignment of the donor chamber and the receptor ori- 
fice. The receptor chamber should be manufactured consistently with uniform height and geometry. Ali the cells should have 
the same nominał value, and the true vclume should be measured for each tndividual celt Care should be taken to minimize 
the intercell volume vanability. 
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For the test, the VDC units are typicalJy posltioned in a stirrer rack (not deplcted) that holds muftrple VDC units (e.g., In sets 
of 6) In the correct orlentation, providing magnetic stirring at a calibrated ratę and facilitatmg the supply of circulatlng heated 
water fłow to the water jacket of the VDC. The VDC rack h typically connected to a thermostalically controlled water bath 
red rc u la tor. 

The water from the circulatlng pump flows into the VDC heating jacket from the Iower port and flows out from the upper 
port to facilrtate the removal of any alr bubbłes formed in the heating jacket, A magnetic nonstick (Teflomcoated) stirring bar 
in the receptor cham ber is used as the interna! stirring media ntem. Aliguots of the receptor medium are drawn via the sam- 
pling arm at intervals throughout the test, and an equiva!ent volume of stock receptor medium replaced to the level of the 
calrbration mark on the sampllng arm. 

MODEL A 

The thickness of the sample chamber normally is 1.5 mm. This thickness should be sized within ±10% of the specified thick¬ 
ness* The gfass support disk Is used to ocdude the semisolid dosage form. A receptor cefl rmxer and stirrer magnet are used as 
the internal stirring mechanism. 

MODELS B AND C 

Classk styfes of VDC are depicted In Figurę 2 and Figurę 3 and illustrate minor design variations among gualified models. 

Test Procedures: General 

Before initiatmg testlng, analysts should determine the volume of each VDC with the Internal stirrtng devite In place. During 
the entire test, the temperaturę of the receptor medium should be maintained at 32 ± 1°, or 37 + 1 D for vaginal preparations. 
The rotatfonal stirring ratę tolerance should be ±1 0% of the ratę in the method (normally 600 rpm). The ratę of stirring should 
ensure adequate mixing of the receptor medium durlng the test period. Samples from each celi should be obtalned at the 
specified tlmes in the method within a tolerance of ±2 min. Uniess the method specifies otherwise, the gualrfication of the 
apparatus has been verified when anafysts determine that the test temperaturę and stirring ratę are within their specified re- 
guirements and a satisfactory performance venfrcatton test (Le., drug release ratę) results. Uniess otherwise specified in the 
method, degas the medium using an approprlate technlgue. Determine the amount of drug in the receptor medium sample 
aliguots using a validated analytlcal procedurę. 

The following sections provide instructions for proper use of Models A, B, and C. 

TEST PROCEDURES: MODEL A 

With the stirring mechanism in place, fili the receptor chamber with the specified medium with the stirrers rotating and a 
pos!tive meniscus covering the top of each celi, Allow time for the medium to eguilibrate to the specified temperaturę. Stop 
the stirrer before piactng the test sample on the celi. If necessary, saturate the membranę in the specified medium (generally 
the receptor medium) for 30 min. Place the membranę on the donor chamber, and tnvert, Apply the materia! to be tested into 
the cavity of the sample chamber, spreading the semisolid out to fili the entire cavity of the sample chamber. Place the filled 
sample chamber on the receptor chamber with the membranę down and in contact with the receptor medium. During thls 
procedurę it is important to ensure that there are no bubbles beneath the membranę. Then assemble the complete celf. When 
the assembly of all donor and receptor chambers and remaining celi components (i.e., disk, alignment ring, and clamp) have 
been completed, turn on the stirring devlce, which constitutes the start of the test or time zero. Sampling is generally per- 
formed over a 4-6 h time period. Follow the specified sampling procedurę, and collect an aliguot from each cefl receptor 
chamber for analysis. With the stirrer stopped and using a syringe, replace the withdrawn vo!ume with stock receptor medium 
warmed to the specific temperaturę, and resume stirring, During the sampling and medium replenlshment process(es), ensure 
that bubbles are not introduced into the celi. 

TEST PROCEDURES: MODELS 8 AND C 

A nonstick (Teflon-coated) stlr bar is placed within the receptor chamber of the VDC. The membranę specified in the test 
method Is clamped atop the O-hng, if present, between the aligned donor and receptor chambers of the VDC The exposed 
periphery of the joint between the donor and receptor compartments Is sealed (e.g., circumscrlbed by stretched paraffln wax 
film). 

The receptor chamber is filled with receptor medium via the sampling arm, uniess It is already filled before the membranę is 
mounted, The VDC assembly Is tifted in muftipfe onentatlons and inspected to ensure that any air bubbles trapped beneath 
the membranę, or within the receptor chamber, can escape via the sampling arm port. The volume of receptor medium is 
adjusted to the calibrated level marked on the sampling arm port. The membranę is atlowed to eguilibrate with the receptor 
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medium, in situ, for at feast 30 min priorto the application of the dosage form, or may be pre-incubated with a wetting solu- 
tion (typicatly the receptor medium), as specified in the test method. 

The VDC units are positioned in a stirrer rack. It is recommended that about 10-20 cm of slack should be available in the 
tubtng connecting the ports of the VDC water jacket to the VDC rack to facilitate subsequent manipulation of the VDC during 
the test. The temperaturę set point of the water bath is adjusted before dosing so that the membranę is at the correct temper¬ 
aturę. This can be verified by measuring the membranę temperaturę before dosing, using a calibrated infrared thermometer. 

The stirring is initiated and can be maintained contlnuously throughout the test. The dosage form is evenly dtspensed drrect- 
[y onto the membranę surface. The amount of sample recommended is NLT approximately 1,0 mL/tm 2 or 1.0 g/cm 2 to ensure 
a pseudo-infinite dose condition. Spreading of the sample typicaliy starts at the outer edge and proceeds in an inward spiral 
pattern to assure fuli coverage of the edges of the dose area without air gaps. The pfacement of the sample constitutes the 
start of the test orfime zero. The donor chamber is subseguently sealed with an occlusive Film to prevent loss of any volat!le 
components of the test formulation, The underside of the membranę is checked for air bubbles and, if any are seen, they are 
eliminated by tiltfng the apparatus in a manner that allows the air bubbles to escape, The receptor volume is confirmed at the 
calibrated volume mark and adjusted as necessary. 

Before sample collections, typicaliy every hour over the 4-6 h period foltowfng the introduction of the sample, the volume in 
the sampling arm is confirmed approximately 10 min before sampling and is adjusted to the calibration mark on the sampling 
arm as necessary. At predetermined intervals after starting the test, typicaliy hourly for 6 h, analysts coilect allquots of the re¬ 
ceptor medium (e.g., 150 pL) via the sampling arm, drawtng from the wefhmixed center of the receptor chamber, The VDC 
assembly is inspected for air bubbles, whlch are eliminated as necessary. Receptor medium is replaced to bring the receptor 
vo!ume back to the level indicated on the sampling arm of the VDC. 

Drug Release Ratę Determination Using Immersion Celi Apparatus 

The celi consists of the fol łowi ng components (see Figurę 4 and Figurę 5 for Model A, and Figurę 6 and Figurę 7 for Model B): 
a retaining or lock ring that secures the membranę to the celi body and ensures fuli contact with the sample; a washer that 
provides a leakproof seal between membranę, retaining ring, and celi body; the membranę (usually a synthetic membranę) 
that should retain the sample in the sample compartment; and the celi body that provides a variable depth reservoir for the 
sample. Model A also has an adjustment piąte that allows operators to vary the vo!ume of the resen/oir within the celi body. 

The piąte can be placed at the approprfate height for each test and can be completely removed to facilitate cleantng, An O- 
ring paired with the adjustment piąte prevents leakage. 
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Figurę 4. imnnersion ceil-Model A—Celi components. 
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Figurę 5. Immersion celkMode) A assembied fn a mini vessel. 
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Figurę 6, Immersion ceJMV1odel B-Cell components. 
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Figurę 7. immersion ceil-Model B assembled in a vessel. 


The immersion celi can be used with U5P Apparatus 2 (see generał chapter Dissolution (711)) with vessel volumes that vary 
from 100 ml up to 4 L, but the 150- or 200-mL vessels are the most commonJy used. A flat-bottom variation of the 150- or 
200-mL vessel can be used to avoid the issue of dead space under the celi when ii is used in a round-bottom vessel. tf analysts 
are going to use a 150- or 200-mL vessel with USP Apparatus 2, then the appropriate modifications must be madę, including 
holders for the smallwolume vessels and replacement of the standard paddle with the appropriate paddle. It also may reąuire 
reposittoning of any automated sampltng device and/or manifold. The water bath or vessel heater should be set to have the 
medium temperaturę at 32.0 ± 0.5° or 37.0 ± 0.5°. 

Before loading the cells and pladng the medium in the vessel, set the paddle height, which is 1.0 ± 0.2 cm above the sur- 
face of the membranę. Alf other operational parameters, such as fevel, vibration, wobble, etc., should be set at the same condi- 
tions defined for USP Apparatus 2. The small-volume condition is gualified by first using the standard Apparatus 2 setup and 
Performance Verification Test , Apporatus 1 and2 (see Dissolution (711)). 

Gut the membranę to an appropriate size, If necessary, soak the membranę in the receptor medium for at least 30 min be¬ 
fore loading. If the membranę is thick, a longer soaking time period may be necessary. Prepare the immersion celi components 
as specified by the device manufacturer. 

Fili the reservoir dosage area with the sam ple under test. Ensure that the reservoir is fil leci to the top in order to minimize the 
possibility of air bubbie formation between the surface of the sample and the membranę. A uniform surface can be obtained 
with the aid of a spatula. The typical guantlty of sample is between 300 mg and 2 g, depending on the type of immersion celi 
used. An excess of sample is needed to obtain a steady-state drug release ratę. Using forceps or tweezers, remove the mem¬ 
branę from the soaking medium and place it over the top of the sample compartment. Ensure that the membranę is free of 
wrinkles. Assemble the immersion celi components as specified by the device manufacturer. Carefully place the completed as¬ 
sembly into the bottom of the dissolution vesse! with the membranę facing up. The appropriate preheated medium may be 
preloaded in the vessel or can be added after immersion of the immersion cefl to start the test. Samples from at least 5 time 
points should be obtained in the steady-state (Itnear) portion of the drug release profile. The data points are cumulative and 
expressed as concentration per surface area, typically per cm 2 , as a function of the square root of time. Sampling is generally 
performed over a 4-6 h time period. The slope of the linę is the in vitro release ratę of drug from the product. At the end of 
the test period, dismantle the celi and examine the contents for anything unusual that could explarn any anomalous data (e.g., 
leaks, bubbles, etc.). 


QUALIFICATION 

USP Apporatus 2 should be gualified according to the procedura described in Dissolution (711}, 

Drug Release Determination Using USP Apparatus 4 (Flow-Through Celi) 

The adapter for semisolid dosage forms (see Figurę 8) is used with the 22.6-mm celi of USP Apparatus 4 described in Dissolu¬ 
tion {71 1). The adapter consists of a reservoir and a ring to hołd the membranę. The reservoir is available in dlfferent sizes that 
can accommodate from 400 to 1200 pL of product. The use of the USP Apparatus 4 cells ensures control of temperaturę and 
hydrodynamics, The temperaturę can be malntained either at 32.0 ± 0.5° or 37.0 ± 0.5 D , depending on the intended site of 
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the administration of the formulatiom The flow ratę should tomply with the reąutrements of Dissolution (711) with a sinusoidal 
flow profile with a pulsation of 120 ± 10 pulses/min and a precision of ±5% of the nomina! flow ratę. 




Figurę 8. Adapter for topical dosage forms in USP Apparotus 4 (Ali dimensions are In mm). 

PROCEDURĘ 

The membranę, which may be soaked in the receptor medium beforehand, is loaded in the membranę ring using the provi- 
ded tooL The membranę should be large enough to overlao the top edge of the reservoir body with a diameter of 18 mm. 

The sample is loaded into the reservoin The other srde of the tool can be used to hołd the reservoir whife loading the sample. 

If necessary, the excess of sample can be removed using a spatula* Screw the membranę ring on to the sample reservoir. Ensure 
that the membranę is free of wrmkles while screwing. 

Remove the semisolid sample adapter from the tool, and slide it into the cylindncaf part of the 22.6-mm celi with the mem¬ 
branę facing downward. Vertical positioning within the celi can be adjusted using the tablet holder scoring, if desired (see 
Figurę 9). If the lower position is chosen, release can be higher due to the proximity to the flow tnlet. The system is typically 
configured as a closed system (see Figurę W ), but in some cases, an open system can be used* The prepared cdi is inserted in a 
heating jacket. 
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Figurę 9. Vertical positioning of the insert us ng the tablet holder scoring (all dimensions are in mm). 



Figurę 10. Closed system configuration. 


The defined yolume of release medium is introduced in fhe reseryoir Unless otherwise specified, the medium should be dea- 
erated in order to minimrze the risk of air bubbies. A deaeration procedurę is described in Dissofution (711), but other yalidated 
deaeration tecbniques can be used. The reseryoir can be adapted to the yolume needed in order to achieve sink conditions 
and to ensure precision of the analytical method. Typka! yolumes rangę from 50 to 1000 ml, but yalues above and below this 
rangę also can be used as the formulation demands, 

When the pump is switched on, the medium will be pumped through the celi. This represents the time zero of the test. 
Typical flow rates are 16 mL/min and 24 mL/min, but flow ratę is a method-development parameter and must be optirnized 
accordingly. The flow passing through the cefl ensures both agitation and renewal of the receptor medium at the interfaee 
with the membranę. 

Sampling can be performed either manuaily or automaticaliy dlrectly from the medium reseryoir, thus ensunng no interfer- 
ence with the flow celt and its contents. An automated fraction collector may be appropriate for release periods longer than 6 
h. After quantifItation, piot the amount of drug release persurface area versus the square root of time, with the slope of the 
linę representmg the in vitro release ratę. 

Calculation of Ratę and Amount of Drug Released 

Calculate the drug release ratę ustng the following steps. 

Amount released (pg/cm 2 ) at a given time (t u t 2i etc.) (AR,) is calculated for each sample: 

Amount released at - (A 01 fA s ) x Q x 1000 x (VJA 0 ) 

Amount released at t z AR 2 - x C s x 1000 x (V c /A 0 ) + [A/f, * (T/ c >] 
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AR n = (A Un /Ą) x C s x 1000 x fyjAo) + 


<m)*I 


(A 


Vin-M 


^ j 


xc $ x ioooxi/ c /4 


AR = amount of drug released (pg/cm*) 

A u ~ response (e.g., peak area, or peak height or absorbance) from the Sample solution 

A s - average response {e.g., peak area, or peak height or absorbance) from the Standard solution 

C s - concentration of the Standard solution (mg/mL) 

V c = vo!ume of the dfffusion cdi (mL) 

A 0 - area of the orifice (cm*) 

V s * voiume of sample taken (mL) 

For each celi, the indiv»dual amount of drug released is plotted versus the sguare root of time. The slope of the resulting linę 
is the ratę of drug release. The average of 6 slopes for each test and reference products represents the drug release ratę of the 
dosage form, and serves as the standard for the drug product 

Application of Drug Release 

The product performance test can be used to assess sameness of the drug product after post-approval changes* Because 
common testing artifacts, such as atr bubbles and membranę defects, yield measurements that are not normaNy distributed, a 
nonparametric statistical technigue is used to evaluate the test resuits. The Mann-Whitney U test is used to calculate the 90% 
confidence interval for the ratio of the slopes between the test and the reference batches, This is illustrated by the followrng 
example in which the initial drug product batch is referred to as the reference batch (fl) and the changed or subsequent batch 
is referred to as the test batch (7). The individua! amounts of drug released from R *are plotted versus the sguare root of time, 
• ttRR i-|un 2 ot 6 j an d the resulting slopes are determmed. Those are the reference slopes. The process is repeated for the test batch 

(7). 

The T/R slope ratios are calculated for each test-to-reference slope. This procedurę is facilitated with a table where the value$ 
for the slopes for test and reference batches are listed down the left side and across the top of the table, respectively. The T/R 
slope ratios are then determined. See Table h 


Table 1» Comparison pf Test and Reference Slopes 



RS1 

R52 

RS3 

RS4 

RS 5 

RS6 

TS1 

TSI/RSI 

T51/RS2 

T51/R53 

TS1/RS4 

T31/RS5 

TSI/RSó 

TS2 

TS2/RST 

TS2/RS2 

TS2/RS3 

T52/RS4 

TS2/RS5 

TS2/RS6 

TS3 

TS3/RS1 

T53/R52 

T53/RS3 

T53/R54 

TS3/RS5 

TS3/RS6 

TS4 

T54/R51 

TS4/RS2 

T54/RS3 

TS4/RS4 

T54/RS5 

TS4/R56 

TS5 

TS5/RS1 

TS5/RS2 

TS5/RS3 

TSS/RS4 

TSS/RS5 

TSS/RS6 

T56 

TS6/RS1 

TS6/RS2 

T5Ó/RS3 

TS6/RS4 

TS6/RS5 

TS6/RSS 


After the T/R ratios have been calculated, they are ordered from the lowest to the highest. The and 29 th T/R ratios are 
identiffed and converted to percent (multiplied by 100). These va)ues represent the 90% confidence interval for the ratio of 
test to reference release rates. To pass first stage testing, those ratios must be within the rangę of 75%-l 33.33%. 

ff the results do not meet this criterion, four additional tests of 6 cells should be performed, resulting in 12 additional slope 
determinations for each product tested, The T/R slope ratios for all IB slopes for each product tested are determined. Ali 324 
individual T/R slope ratios are ordered from the lowest to the highest. To pass this second stage testing, the 110 th and 215' h 
slope ratios, representing the 90% confidence interval, must be within the rangę of 75%-l 33.33%, 


<1 730) PLASMA SPECTROCHEMISTRY—THEORY AND PRACTICE 


OUTLINE 

1. Introduction 

2. Sample Preparation 

3. Sample Introduction 

4. Standard Preparation 

5. Inductively Coupied Plasma (ICP) 

6 . lnductively Coupied Plasma Optical Emission Spectroscopy (ICP-OES) 


General Chapters 






















General Chapters 


2068 <1730} Plasma Spectrochemistry—Theory and Practice / General Information 


USP40 


6 . 1 Colihration 

6.2 Standardizatlon 

6.3 Procedurę 

7, lnductively Coupled Plasma Mass Spectrometry (ICP-MS) 

7:1 Calibrotion 
7.2 Standardization 
73 Procedurę 

8 , Glossory 

9 , References 


1. INTRODUCTION 

The purpose of Ehis generał chapter is to provide a generał overview of fundamental prindples, instrumentation and applica* 
don of inductively coupled plasma optśca! emission spectroscopy (ICP-OES) and inductively coupled plasma mass spectrome¬ 
try (ICP-MS). It is the companion chapter to Plasma Spectrochemistry (730). A glossary of tenns is located atthe end of this 
generał chapter. 


2. SAMPLE PREPARAT!ON 

Sampte preparation is critical to the success of plasma-based analysfs and is the frrst step in performing any analysis v$a ICP- 
OES or ICP-MS, Plasma-based techniques are heavily dependent on sample transport into the plasma, and because ICP-OES 
and ICP-MS share the same sample introduction system, the means by which samples are prepared may be applicable to et- 
ther technique. The most conventional means by whtch samples are introduced into the plasma is via solution nebulization. If 
solution nebulization is employed, solid samples most be cissolved in order to be presented into the plasma for analysis. These 
samples may be dissolved in any appropriate solvent. There is a strong preference for the use of aqueous or dilute nltrrc acid 
Solutions, because there are minimal interferences with these solvents compared to other solvent choices. Hydrogen peroxide, 
hydrochloric acid, sulfuric acid, perchforfc acid, combinations of acids, or various concentrations of acids can all be used to 
dissolve the sample for analysis. Dilute hydrofluoric acid can be used, but great care must be taken when using this acid to 
ensure the safety of the analysl, and to protect the components of the sample introduction system, specificalfy: peristaltic 
pump tubing, the nebulizer, spray chamber, and inner torch tubę should be manufactured from hydrofluoric add-tolerant ma- 
terials* Proper safety procedures must be followed to protect the analyst, as weli, Additionally, alternative means of dissoMng 
the sample can be employed. These include, but are not limited to: the use of dilute bases, straight or diluted organie solvents, 
combinatjons of acids or bases, and combinations of organie $olvent$, or any solvent that is compatible with the instrumenta¬ 
tion. 

When samples are introduced into the plasma via solution nebulization, it is rmportant to consider the potential matrix ef- 
fects and interferences that might arise from the solvent. The use of an appropriate internal standard and/or matching the 
standard matrix with samples should be applied for ICP-OES and ICP-MS analyses in cases where accuracy and precision are 
not adequate. The use of an internal standard should be considered the rule, rather than the exception, in the case of ICP-MS 
analyses. In either event, the selection of an appropriate internal standard should consider the analyte in question, ionization 
energy, wavelengths or masses, and the naturę of the sample matnx, 

Where a sample is found not to be soluble in any acceptable solvent, a variety of digestion technique$ can be employed. 
These include hot-plate digestion and microwave-assisted digestions, including openwessel and closed-vessel approaches. The 
decision regarding the type of digestion tethnigue to use depends on the naturę of the sample being dtgested, as well as on 
the analytes of interest. 

Use acids, bases, and hydrogen peroxide of ultra-high purity, especially when ICP-MS is employed. Deionized water must be 
at Jeast 18 MD. Check dłluents for interferences before they are used in an analysis. Because it is not afways possible to obtain 
organie solvents that are free of metals, use organie solven:s of the highest quality possible with regard to metal contaminants. 
Openwessel digestion is generally not recommended for the analysis of volatile metals, e.g., selenium and mercury, The suita- 
bitily of a digestion teehnique, whether open-vessel or dosedwessel, should be supported by spike recovery experiments in 
order to verify that, within an acceptable tolerance, volatile metals have not heen lost during sample preparation. Additionally, 
it may be necessary to extract the analyte(s) of interest, should a sample not completely dissolve. In soch an instance, the vab 
idity of the extract must be demonstrated by means of spike and recovery studies. 

it is tmportant to consider the selection of the type, materiał of construction, pretreatment, and cleaning of analytical lab 
ware used in ICP-OES and ICP-MS analyses. The materiał must be inert and, depending on the specific application, resistant to 
caustics, acids, and/or organie soivents. For some analyses, diligence must be exercised to prevent the absorption of analytes 
onto the surface of a vessel, particularly in ultra-trace analyses* Gontamination of the sample Solutions from metal and ions 
present in the Container can lead to inaccurate results. 

The use of lab ware that is not certified to meet Class A tolerances for volumetric flasks is acceptable if the llnearity, accuracy, 
and precision of the method have been experimental!y demonstrated to be suitable for the purpose at hand. 
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3. SAMPLE INTRODUCTION 

There are two ways to introduce the sample into the nebulizer: by means of a peristaftic pump, and by self-asplration. The 
penstaltic pump is preferred and serves to ensure that the flow ratę of sample and standard solution to the nebulizer is the 
same frrespective of sample viscosity. The speed setting of the peristaltfc pump should remain constant throughout an analysis 
during the fime period when readings are being taken by the instrument In some cases, where a peristaltic pump is not re- 
q uj red, seif-aspiration can be used. 

The purpose of a nebulizer Es to generate very smali droplets of the sample, with the goal of generating a fine aerosol mist. A 
wide variety of nebulizer types is available, induding pneumatic (eoncentric and cross-flow), grid, and ultrasonic nebulizers. 
Micronebullzers, high-efficiency nebulizers, direct-injection hrgh-efficiency nebulizers, and fiow-Enjection nebulizers are also 
avaElabfe. The sefectlon of the nebulizer for a gEven analysis should consider the sample matrix, anafyte, and desired sensitivity* 
Some nebulizers are better suited for use with viscous Solutions or those eontainmg a high concentratEon of dEssolved solids, 
whereas others are better suited for use with organie Solutions. 

Notę that the self-as pirat! on of a fluid is due to the Bernoulli, or Venturi, effect Not all types of nebulizers will support selh 
aspiration. The use of a eoncentric nebulizer, for exampie, is required for self-aspirafion of a solution, 

Once a sample leaves the nebulizer as an aerosol, Et enters the spray ehamber, which is designed to permit only the smallest 
dropEets of sample solution into the plasma; as a result, typicalfy only l%-2% of the sample aerosol reaches the ICP, although 
some spedal-purpose nebulizers have been designed that permit vlrtually all of the sample aerosol to enterthe ICP. 

As with nebulizers, there is morę than one type of spray ehamber availabie for use with ICP-OES or ICP-MS. Examples im 
clude the Scott double-pass spray ehamber, as well as cyclonie spray chambers of various configurations. The spray ehamber 
must be eompatible with the sample and solvent and musi eguilibrate and wash out in as short a fime as possible. When a 
spray ehamber Is seleeted, the naturę of the sample matrix, the nebulizer, the desired $ensitjvity, and the analyte should ali be 
considered. Gas and liquid ehromatography systems ean be interfaced with ICP-OES and ICP-MS for molecular speeiation, 
ionic speeiation, or other modes of separation chemistry, based on elemental emission or mass spectrometry, 

Ultimately, the seleetion of sample introduction hardware should be demonstrated expenmentally to provide suffictent spe- 
cifidty, sensitivity, linearity, aceuracy, and precision for the analysis at hand. 

In addition to solution nebulization, it Es possible to analyze solid sam pies directly via laser ablation (LA). In such Enstances, 
the sample enters the toreh as a solid aerosol LA-ICP-GES and LA-ICP-M5 are better suited for qualitative analyses of pharma- 
ceuttcal compounds because of the difficuEty in obtaining appropriate standards. Nonetheless, quantitative anafyses can be 
performed if it can be demonstrated, through appropriate method validation, that the available standards are adequate (7). 

4, STANDARD PREPARATION 

Single- or multi-element standard Solutions, whose concentrations are traceable to primary reference standards, such as 
those of the National Instrtute of Standards and Technology (NIST), can be purchased for use in the preparation of working 
standard Solutions. Al terna tively, standard Solutions of elements ean be accurately prepared from standard materials, as appro¬ 
priate, and their concentrations can be determsned Endependentiy. Working standard Solutions, especialfy those used for ultra- 
traee anafyses, may have llmited shelf life, depending on the analyte in guestion, the type of storage Container, the solution ł s 
concentratEon, and the storage conditions. As a generał rule, working standard Solutions with concentrations less than 10 ppm 
(w/v) should be retained for NMT 24 h unless stabilfty Is demonstrated experimentally. The seleetion of the standard matrix is 
of fundamenta! tmportance in the preparation of element standard Solutions* Spike recovery experiments should be conducted 
with specific sample matrices in order to determlne the accuracy of the method If sample matrix effects cause excessive inac- 
curacies, standards, blanks, and sample Solutions shoufd be matnx matched, if possible, in order to minimfze matrix interferen- 
ces. 

In cases where matrix matchlng Is not possible, an appropriate Enternal standard or the method of standard additions should 
be used for ICP-OES or ICP-MS* The method of standard additions may be necessary, even with the use of matrix-matched 
Solutions and internal standards* En any event, the seleetion of an appropriate Internal standard should consider the analytes in 
question, their ionizaticn and excitation energies, their Chemical behavior, their wavefengths or masses, and the naturę of the 
sample matrlx. Ultimately, the seleetion of an internal standard should be demonstrated expenmentafly to provide suffident 
specificity, sensltivity, linearity, accuracy, and precision of the analysis at hand. 

The method of standard additions involves adding a known concentratEon of the anafyte element to the sample at no fewer 
than two concentration levels plus an unspiked sample preparation* The instrument response Is plotted against the concentra- 
tion of the added analyte element, and a linear regression linę is drawn through the data points. The absolute va!ue of the x- 
intercept multiplied by any dilution factor is the concentratEon of the analyte in the sample. 

Optimization of the ICP-OES or ICP-MS method is also highly dependent on the plasma parameters and means of sample 
introduction. Forward power, gas flow rates, and torch position may all be optimized to provide the best signal Seleetion of 
wavelengths or isotopes must be carefully considered. The presence of dissoked carbon at concentrations of a smali percent- 
age In aqueous Solutions enhances ionization of selenium and arsenie in an inductively coupled argon plasma, This phenomen- 
on frequentfy results in a positive bias for ICP-OES and ICP-MS selenium and arsenie quantification measurements, which can 
be remedied by using the method of standard additions or by adding a smal! percentage of carbon, such as analyticaEly pure 
glacial acetic acid, to the linearity standards. 
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5. INDUCTWELY COUPLED PLASMA (1CP) 

The components that make up the ICP excitation source include the argon gas supply, torch, radio freguenty (RF) EnductEon 
coil, Empedance-matching unit, and RF generator. Argon gas is almost universa!ly used En the ICP. The plasma torch consrsts of 
three concentric tubes designated as the Inner, the intermediate, and the outer tubę. The fntermedćate and outer tubes are 
almost universally madę of quartz. The inner tubę can be madę of guartz or alumina if the analysis is conducted with Solutions 
containing hydroftuoric actd. The nebulizer gas flow carries the aerosol of the sample solution into and through the inner tubę 
of the torch and into the plasma. The intermediate tubę carries the intermediate (sometimes referred to as the auxiliary) gas. 
The intermediate gas flow hefps to lift the pfasma off the inner and intermediate tubes to prevent their meldng and the depo- 
srtion of carbon and salts on the inner tubę. The outer tubę carries the outer (sometimes referred to as the ptasma or coolant) 
gas, which is used to form and sustain the toroidal ptasma. The tangential ftow of the coolant gas through the torch constricts 
the plasma and prevents the ICP from expanding to fili the outer tubę, keeping the torch from melting. 

An RF induction coil, aJso calJed the load coil, surrounds the torch and produces an osciJlating magnetic field, which En turn 
sets up an osdllating current in the Eons and electrons produced from the argon. The impedance-matching unit serves to effi- 
ciently coupfe the RF energy from the generator to the load coil. The unit can be of either the actlve or the passive type. An 
active matching unit adjusts the impedance of the RF power by means of a capadtive network, whereas the passive type ad- 
justs the impedance directly through the generator cErcuitry, WEthin the load coli of the RF generator, the energy transfer be- 
tween the coil and the argon creates a self-sustaining plasma. Collisions of the ions and electrons liberated from the argon 
ionize and exdte the analyte atoms in the high-temperatu^e plasma. The plasma operates at temperatures of 6,000-10,000 K, 
so most covaient bonds and analyte-to-analyte interactions are etiminated. 

6* INDUCTWELY COUPLED PLASMA OPTICAL EMISSION SPECTROSCOPY (ICP-OES) 

The ICP can use either an optical or a mass spectral detection system. In the former case, ICP-OES, analyte detection Es ach- 
ieved at an emission wavelength of the analyte in question. Because of differences in technology, a wide variety of ICP-OES 
systems are available, each with different capabilities as well as different advantages and disadvantages. Simultaneous-detec- 
tion systems are capabte of analyzing multiple elements at the same time, thereby shortening analysis time and Emproving 
background detection and correction. Seguential systems move from one waveEength to the next (sometimes referred to as 
slewing) to perform analyses, and often provide a larg er number of analytical lines from which to choose. 

Modern Instruments typically use array detectors as detection devices. Array detectors, induding charge-coupled devices 
and charge-injection devices, have detectors assembled or a chip, maktng It possible to combine the advantages of both si- 
multaneous and seguential systems. These types of detection devices are used in the most powerful spectrometers, providing 
rapie! analysis and a wide selection of analytical lines. Some instruments may use photomultipEier tubes (PMTs) for detection. 
PMT's are best-suited for simultaneous analyses; however, the use of PMTs is quickly waning, and array detectors are morę 
commonly found, 

The ICP can be viewed in either axial or radtal (also called lateral) modę. The torch is usually positioned horizontally in axially 
viewed plasmas and is viewed end on, whereas it is positioned vertically in radially viewed plasmas and is viewed from the side, 
Axial viewrng of the plasma can provide higher signal-to-noise ratios (better detection limits and precision); however, it also 
incurs greater matrix and spectral interferences, AxEal plasmas norma Iły require the use of a shear gas, which effectively re- 
moves the coldest part of the plasma to help reduce self-absorptton. Methods va!idated on an instrument with a radia! config¬ 
uration may not be completely transferable to an instrument with an axial config u ration, and vice versa. 

Additionally, dual-view instrument systems are available, making it possible for the analyst to take advantage of either torch 
configuration. The selection of the optimal torch configuration wilf depend on the sample matrix, the analyte in question, the 
analytical wavelength(s) used, the cost of instrumentation, the reguEred sensitEvity, and the type of instrumentation avaifable in 
a given la bora tory. 

Regardless of torch configuration or detector technology, ICP-OES is a technique that provides a qualitative and/or guantita- 
tive measurement of the optical emission from excited atoms or ions at spedfic waveiengths. These measurements are then 
used to determine the analyte concentration in a given sample. Upon exdtation, an atom or atomie ion emits an array of dif¬ 
ferent freguencies of light that are characteristic of the dist net energy transition allowed for that element. The intensity of the 
light is generally proportlonal to the analyte concentration. It is necessary to correct for the background emission from the 
plasma. Sample concentration measurements are usually determined from a working curve of known standards over the con¬ 
centration rangę of interest. Et is, however, possible to perform a stngle-point calibration under certain circumstances, such as 
limEttests, if the method has been va!Edated for sufficient specificity, sensitivity, linearity, accuracy, precision, ruggedness, and 
robustness. 

Because there are distinct transitions between atomie energy leve!s, and because the atoms in the ICP are rather di lute, 
emission lines have narrow bandwidths. However, because the emission spectra from the ICP contain many lines, and because 
"wings" of these lines overlap to produce a nearly continuous background on top of the continuum that arises from the re- 
combination of argon ions with electrons, a high-resolution spectrometer is required in ICP-OES. 

The decisEon regarding which spectral llne to measure shoufd include an evaluation of potentia! spectral interferences. Ali 
atoms in a sample are exdted simultaneously; however, the presence of multiple elements in some sam pies can lead to spec¬ 
tra! overlap. Spectral interference can also be caused by background emission from the sample or plasma. Modern ICPs usually 
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have background correction avaiłable, and a number of background correction teehniques can be applied. Simple background 
correction typically involves measuring Ehe background emission intensity at a baseline level away from the main peak and 
subtracting this value from the total signal being measured. Mathemabcal modełing to subtract the interfering signal as a 
background correction can also be performed with certain types of iCP-OES spectrometers. One simple way to avoid spectra! 
interferences is to select an analytical linę that is free of Interferences, if possible, 

The selection of the analytical spectral linę is critical to the success of the iCP-OES analysis, regardless of torch configuration 
or detector type. Though some wavelengths are preferred, the finał choice must be madę in the context of the sam ple matrix, 
the type of instrument being used or the sensitivity reguired, Analysts might choose to start with the waveiengths recommen- 
ded by the manufacturer of their particular instrument and select alternative wavelengths based on manufacturer recommen- 
dations or published wavelength tables (2, 3 t 4, 5, 6), Ultimately, the selection of analytical waveiengths should be demonstra- 
ted experlmentally to provide sufficient specificity, sen$itivity, linearity, accuracy, and precision of the analysis at hand, 

Forward power, gas flow rates, vtewing height, and torch position can al! be optimized to provide the best signal. However, 
it must also be kept in mind that these same variables can influence matrix and spectral interferences, 

The analysis of the Group I elements can pasę some chatlenges. When atomie ions are formed from elements in this group, 
they assume a noble gas electron configuration, with correspondingly high exdtation energy. Because the first excited State of 
these ions fs extremely high, few are exdted, so emission intensity is correspondingly Iow, This situation can be improved by 
reducing the fractional ionization that can in turn be achieved by using lower forward power settmgs in combination with ad- 
justed viewing height or nebulizer gas flow, or by adding an ionization suppression agent to the samples and standards, 

When organie solvents are used, it is often necessary to use a higher forward power setting, higher intermediate and outer 
gas flows, and a lower nebulizer gas flow than would be employed for agueous Solutions, as well as a reduction in the nebuliz¬ 
er gas flow, It could be necessary to reduce the peristaltic pump speed, and alter the selection of the spray cham ber. When 
using organie solvents, tt coutd be necessary to bleed smali amounts of oxygen into the torch to prevent carbon buildup tn the 
torch. 

6J Calibration 

The wavelength accuracy for ICP-OES detection must comply with the manufactureds applicable operating procedures. Be¬ 
cause of the inherent differences among the types of instruments availab!e, there is no generał system sukability procedurę 
that can be employed. Calibration routines recommended by the instrument manufacturer fora given ICP-OES instrument 
should be followed. 


6.2 Standardization 

The instrument must be standardized for quantitation at time of use, Because ICP-OES is a techniąue generally considered 
to be linear over a rangę of 6-8 orders of magnitude, it is not always necessary to contmually demonstrate Imearity by the use 
of a standard curve composed of multiple standards. Once a method has been developed and is in routine use, it is possible to 
cafibrate with a blank and a single standard. One-point standardizations are suitable for conducting limit tests, as well as other 
analyses, on production materia Is and finał products if the method has been rigorously vatidated for sufficient spedfidty, sensi- 
tivity, linearity, accuracy, precision, rgggedness, and robustness, The use of single-point standardization is also acceptable for 
qualitative ICP-OES analyses, where the purpose of the experiment is to confirm the presence or absence of elements without 
the requirement of an accurate guantitation. 

An appropriate blank solution and standards that bracket the expected rangę of the sampJe concentrations should be as- 
sayed and the detector response plotted as a function of analyte concentration, as in the case where the concentration of a 
known component is being determined withtn a specified tolerance. The plot of the analyte concentration against the known 
concentrations of components is usually performed automatically by the instrument. 

tt ts not always possible to employ a bracketing standard when an analysis is performed at or near the detection limit. This 
łąck of a bracketing standard is acceptable for analyses conducted to demonstrate the absence or removal of elements below a 
specified limit, The number and concentrations of standard Solutions used should be based on the purpose of the quantitation, 
the analyte in question, the desired sensftivlty, and the sample matrix. Regression analysis of the standard plot should be em¬ 
ployed to evaluate the linearity of detector response, and tndividual monographs may establish other criteria. 

6,3 Procedurę 

It is important to follow the procedurę for the instrument parameters, as directed in the individual monograph. The specifi- 
cation of definitive parameters in a monograph does not preclude the use of other suitable operating conditions, and adjust- 
ments of operating conditions may be necessary. Because of differences in manufacturers' equipment configurations, the mam 
ufacturer's suggested defauft conditions could be used and modified as needed, Altemative conditions must be supported bv 
suitable vafidation data, and the conditions in the monograph will take precedence for offidal purposes. Data collected fro" a 
single sample introduction are treated as a single result.- This result might be the average of data collected from replicate' e ‘ 
quential readings from a single solution introduction of the appropriate standard or sample solution, Sample eoncentr , - lons 
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are calculated versus the working curve generated by pJotting the detector response versus the concentration of the analyte In 
the standard Solutions, which is often calculation directly by the instrument 

7. INDUC7WELY COUPLED PLASMA MASS SPECTROMETRY (ICP-MS) 

When using the ICP-MS, analytes are detected directly at their atomie masses. Because these masses must be charged to be 
detected in ICP-MS, the method refies on the ability of the plasma source to both atomize and ionize sample constituents. As 
is the case with ICP-OES, a wide variety of ICP-MS instrumentation systems are available, 

The systems most commonly in use are guadrupoJe-based systems* Additionally, htgh-resolution sector field instrument* and 
tirne of flight-based instruments are available, as are multiple quadrupole systems. Regardless of instrument design or configu- 
ration, ICP-MS provides both a qualitative and a quantitabve measurement of the components of the sample. 

lons are generated from the analyte atoms by the plasma, and ions are then extracted from the atmospheric-pressure pląs* 
ma through a sampling cone into a lower-pressure zonę, ordinarily held at a pressure near 1 Torr. In this extraction process, 
the sampled plasma gases, including the analyte species, form a su personie beam, which dictates many of the properties of 
the resulting analyte ions, A skimmer cone, located behind the sampling cone, "skims" the supersonic beam of lons as they 
emerge from the sampling cone. Behind the skimmer cone is a lower-pressure zonę, often held in millllorr ranges. Lastly, the 
skimmed ions pass a third-stage orifice to enter a zonę held near microTorr pressures, where they encounter ion optics and are 
passed into the mass spectrometer, The pressure differences atd in moving the ions along and into the mass spectrometer, 
which separates the ions according to their mass-to-charge (m/z) ratios* The (CP-MS has a mass rangę up to 240 atomie mass 
units. 

Dependtng on the eguipment configuration, analyte adducts can form with diluents, with argon, or with their decomposi- 
tion produets. Also formed are oxides and multiply-charged analyte ions, which can inerease the comp!exity of the resulting 
mass spectra. Interferences can be mintmized by appropriate optimization of operational parameters, including gas flows (cen¬ 
tral, intermediate, and outer gas flow rates), sample-solution fiow, RF power, extraction-iens voltage, etc, or by the use of col- 
lision or reaction cells, orcool pfasma operation, if available on a given instrument. Unless a laboratory is generating or exam- 
ining isotopes that do not naturally occur, a Ust of naturally occurring isotopes will provide the analyst with acceptable iso- 
topes for anaiytical purposes. Isotopic patterns afso serve as an aid to element Identification and confirmation* Additionally, 
tables of commonly found interferences and polyatomic isobarre interferences and correction factors can be used, and are of¬ 
ten pre-programmed into an instrument, 

ICP-MS generally offers considerably better deteetion llmits than ICP-OES, largely because of the extremely Iow background 
noise that it generates. This ability is a major advantage of ICP-MS for determmation of very Iow analyte concentrations or 
when elimination of matrix interferences h reguired, In the latter case, some interferences can be avoided simply by additional 
dilution of the sample solution. In some applrcations, analytes can be detected below the parts per trillion (ppt) level using 
ICP-MS. As a generał rufę, ICP-MS as a technigue requires that samples contain significantly less total dissolved solids than 
does ICP-OES* 

The selection of the anaiytical mass to use is critical to the success of the ICP-MS analysis, regardless of instrument design, 
Though some masses are often considered to be the primary ones, because of their high natural abundance, an a!ternative 
mass for a given element is often used to avoid spectraI overlaps (isobaric interferences). Selection of an anaiytical mass must 
always be considered in the context of the sample matrix, the type of instrument being used, and the concentrations to be 
measured. Analysts could choose to start with masses recommended by the manufacturer of their partieufar instrument and 
select alternate masses based on manufacturer 1 * recommendations or published tables of naturally occurring isotopes (7). 

Optimization of the ICP-MS method is also highfy dependent on the plasma parameters and means of sample introduction. 
Forward power, gas flow rates, and torch position may all be optimized to provide the best signal. When organie solvents are 
used, it is often necessary to use a higher forward power setting and a lower nebulizer flow ratę than would be used for aque- 
ous Solutions. Additionally, when organie soivents are used, it could be necessary to introduce smali amounts of oxygen into 
the central or intermediate gas to prevent carbon buildup in the torch or on the sampler cone orifice. The use of a platinum- 
tipped sampling or skimmer cone may also be required in order to reduce cone degradation with some organie solvents, 

7.1 Cali bra tion 

The mass spectral accuracy for ICP-MS deteetion must be in accordante with the applicable operating procedures. Because 
of the inherent differences between the types of Instruments ayailable, there is no generał system suitabitity procedurę that can 
be employed. Analysts should ref er to the tests recommended by the instrument manufacturer for a given ICP-MS instrument* 

7.2 Standardization 

The instrument must be standardized for quantification at the time of use* Because the response (signal vs. concentration) of 
^-M5 is generally considered to be Irnear over a rangę of 6-8 orders of magnitude, it is not always necessary to continually 
CGn nstrate linearity by the use of a working eurve. Once a method has been developed and is in routine use, it is common 
prachc t0 with a blank and a single standard, One-point standardizations are suitable for conducting limit tests on 
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production materia !s and finał products, provided that the method has been rigorously validated for sufficrent spedficity, sensi- 
tivity, linearity, accuracy, precision, ruggedness, and robustness. An appropriate blank solution and standards that bracket the 
expected rangę of the sample eoncentrations should be assayed and the detector response plotted as a function of analyte 
concentration, which are normally performed by the instrument. The number and concentration of standard Solutions used 
should be based on the analyte in guestion, the expected eoncentrations, and the sampie matrix, and should be left to the 
discretion of the analyst. 

The method of standard additions should be empfoyed n situations where matrix interferences are expected orsuspected. 
This method involves adding a known concentration of the analyte element to the sample solution at no fewer than two con¬ 
centration levels. The instrument response is plotted against the concentration of the added analyte element, and a linear re- 
gression linę is drawn through the data points. The absolute value of the x-intercept multiplied by any dilution factor is the 
concentration of the analyte in the sample. In many instances, the instrument will perform this calculation automatically after 
being programmed to use the method of standard additions, 

73 Procedurę 

Fol Iow the procedurę for the detection modę and instrument param eters for ICP-MS, as directed in the individua! mono¬ 
graph, The specification of definitive parameters in a monograph does not preclude the use of other suitable operating condi- 
tions, and adjustments of operating conditions may be necessary. Alternative conditions must be supported by suitable valida- 
tion data, and the conditions in the monograph will take precedence for offidal purposes. Because of differences in manufac- 
turers' eguipment configurations, the analyst could begin with the manufacturer's suggested default conditions and modify 
them as needed. Data colfected from a single sample introduction are treated as a single result Data collected from replicate 
sequential readings from a single introduction of the appropriate standard or sample Solutions are averaged as a single result 
Sample eoncentrations are calculated versus the working curve generated by plotting the detector response versus the concen¬ 
tration of the analyte m the standard Solutions, With modern instruments, this calculation is often performed by the instru¬ 
ment. 

8, GLOSSARY 

Auxiliary gas: See Intermediate (or auxiliory) gas , 

Axial viewrng: A configuration of the plasma for AES in which the plasma is directed toward the spectrometer optical path, 
also called "end*on vjewing." 

Central (or nebulizer) gas: One of three argon gas flows in an ICP torch. The central gas is used to help create a fine mist 
of the sample solution when solution nebulization is employed, This fine mist is then directed through the centra! tubę of the 
torch and into the plasma. 

Collision celi: A design feature of some ICP-MS instruments. Collision telis are used to reduce interferences from argon 
species or polyatomic ions and faciUtate the analysis of elements that might be affected by those Interferences. 

Cool plasma: Plasma conditions used for ICP-MS that result in a plasma that is cooler than that normally used for an anaiy- 
sis, This eondition is achieved by using a lower forward power settlng and higher cen trał-gas flow ratę, and is used to help 
reduce isotopic interferences caused by argon and some polyatomic ions. 

Coolant gas: See Outer (or coolant or plasma) gas. 

Forward power: The number of watts used to ignite and sustain the plasma dunng an anafysis. Forward power requrre- 
ments may vary, depending on sample matrix and analyte. 

Intermediate (or auxiliary) gas: Gas used to "lift" the plasma off the surface of the torch, thereby preventing mełting of 
the intermediate tubę and the formation of carbon and salt deposits on the inner lube. 

Interna! standard: An element added to or present in the same concentration in blanks, standards, and samples to act as 
an intensity reference for the analysis. An in terna I standard should be used for ICP-AES work and must always be used for 
quantitative ICP-MS analyses. 

lateral viewing: See Radial viewing, 

m: The ion mass of interest 

Multipiy-charged Ions: Atoms that, when subjected to the high-ionization temperaturo of the ICP, can form doubly or tri- 
ply charged ions (X + \ X^ + , etc.). When detected by MS, the apparent mass of these ions will be V? or Vs that of the atomie 
mass. 

Nebulizer: Used to form a consistent sample aerosol that mixes with the argon gas, which is subseguently sent into the 
ICP. 

Outer (or coolant or plasma) gas: The main gas supply for the plasma, 

Plasma gas: See Outer (or coolant or plasma) gas. 

Radial viewing: A configuration of the plasma for AES in which the plasma is viewed orthogonal to the spectrometer optir 
path. Also called "side-on vsewing, w See also Lateral vlewing. 

Reactfon cel!: Stmilar to Collision cel! t but operating on a different prindple. Destgned to reduce or eliminate spectra! j " er ’ 
ferences. Used in ICP-MS. 
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Sampltng cone: A metal cone (usually nickel-, afuminum-, or platinum-tlpped) with a smali opening, through which ion- 
ized sample materiał flows after feaving the plasma in ICP-MS, 

Sequenttal: A type of detector configuration for AES or MS in which discrete emission Lines or isotopic peaks are obseryed 
by scanning or hopping across the spectra! rangę by means of a monothromator or scanning mass spectrometer. 

Simultaneous: A type of detector eonfiguration for AES or MS in which all selected emisston lines or isotopic peaks are ob- 
served at the same time by using a polychromator or simUtaneous mass spectrometer, offering Increased analysis speed for 
analyses of multi-efement samples, 

Skimmer cone: A metal cone through which ionized sample flows after leaving the sampling cone and before entering the 
higłvvacuum region of an tCP-MS, 

Standard additlons: A method used to determine the actual analyte concentration in a sample when viscosity or matrix 
effects mrght cause erroneous results. 

Torch: A series of three concentric tubes, usually manufactured from quartz, m which the ICP rs formed, 
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1. INTRODUCTI0N 

This generał chapter provides Information regarding the theory and aceeptable practicesfor the consistent anafysis and m- 
terpretation of X^ray fluorescence spectroscopic data. X-ray fluorescence (XRF) spectrometry is an instrumental technique 
based on the measurement of characteristic X-ray photons caused by the exdtation of atomie Inner-shell electrons by a pri- 
mary X-ray source. The XRF technigue can be used for both qualitatlve and quantitattve anaJysis of liguids, powders, and solid 
materials. Although some vendors supply radioactive isotope-based source Instruments, nearly all modern Instruments use an 
X-ray tubę as the source. 

2. PRINCIPLES OF X-RAY FLUORESCENCE SPECTROMETRY 

The X-rays produced by an X*ray tubę include characteristic lines corresponding to the anodę materiał, and a continuum 
also known as Bremsstrahlung radiation. Both types of X-rays can be used to excite atoms in a specimen and thus induce X- 
rays. The intensity of both of these types can be adjusted by the voftage and current settings of the X-ray generator, These 
parameters can be adjusted to opttmize the flux of X-ray photons for each element of interest. Further adjustments, such as 
the addition of filters in the primary beam, can be used to remove undesirable and potentially interfering tubę spectral lines. 
Secondary targets may be used to produce an excitation X-ray beam that differs from the primary X-ray tubę spectrum, with 
the aim of achieving optimum excitation conditions. Numerous instrument designs with different geonnetrical configurations, 
for examp3e, secondary filters and polarizatron, are used to optimize X-ray detection and reduce background contributions. 

Although many variations exist, XRF instrumentation can be divided into two categories: wavelength-dispersive XRF 
(WDXRF) and energy-dispersive XRF (EDXRF) Instruments. The main distinguishing factor between these two technologie* is 
the method used to separate the spectrum emitted by all atoms in the sample according to X-ray photon energy. 

The energy (or the wavelength) of the X-ray photon is characteristic of a given efectron transition in an atom, and is therefore 
qualftatfve in naturę. The fnfemify of the emitted radiation is rndicative of the number of atoms in the sample, and therefore 
constitutes the quantitative naturę of the technique. 

3. PHYSICS OF X-RAY EXCITATION AND EMISSION 
3.1 łonization and the Photo-Eiectric Effect 

The emission of characteristic X-ray radiation results from an electron transition between two inner shells of an atom, after 
ionization. After, for example, the ejection of an electron from the K-shell, the atom is ionized and the ion is left in a high- 
energy State, E u with E f being egual to the energy reguired to remove the K-electron from the shell to a situation where it is at 
rest (no remaining kinetic energy) at infinite distance from the nucfeus, This interaction between electromagnetic radiation {a 
photon) and an atom resulting in an electron being excitec is called the photo-electric effect. it is typically the largest contribu- 
tion to absorption of X-rays, E } thus corresponds to the binding energy of the electron, which is identical to the energy of the 
atomie level. The excited State has a very limited life span, and will decay rapidfy by a transition of an electron from an outer 
shell to the vacancy in the inner shell. The atom is still ionized, with an electron vacancy in the other shell. Let the energy State 
after this transition be represented by E 2t corresponding to the binding energy of the electron prior to the transition. The ener¬ 
gy difference, ńE, is represented by 

AE=E } -E 2 [II 

and can be released in two competing processes: the Auger effect, or the emission of a photon. For XRF, obviously the latter is 
of interest, The energy of the photon emitted is thus equal to AŁ The binding energies of the inner electrons are not affected 
by the Chemical State of the atom concerned. The atomie energy level$ are unique (characteristic) to the element, thus the 
energy difference between two given feve!s is also a characteristic. Therefore, the resulting X-ray photon is called a characteris¬ 
tic photon. The energy of the characteristic photons ts varyhg in a systematic way with the atomie number Z of the dements, 
a fact that can be represented usmg Mosele/s law [7]: 

= KZ - 5 ) ; [ 2 ] 
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where k is a constant for a given series (as defined by the Shell with the initial electron yacancy) and s is the screening con¬ 
stant A fairly complete tabulation of the energies of characteristic radiation can befound m the work by Bearden [ 2 ]. Assume 
that the Initial yacancy was created in the K-shelL After an electron transition from, for example, the L3-$hell, the atom sttll has 
an electron yacancy, but in the 13-shell, while a photon with an energy £ corresponding to 

Ephoton = fft ” &LJ 1^1 

Has escaped the atom. The yacancy in the L3-shell can subsequently be fllled by an electron from the M5-shell (assuming that 
this is a high-atomic-number element). This resufts in a yacancy in the M5-shell that can then decay further. At the end of this 
cascade, the ion is back in the neutral State. 


3.2 Scattering 

The most important interaction between X-rays and matter is the photo-electric effect, desenbed above. Two other mecha- 
nisms are coherent and incoherent scatter. 


3.2.1 COHERENT SCATTER 

Coherent scatter is elastic scattering of electromagnetic radiation by a free, cbarged particie. It is also known as Thomson 
scattering. The eiectric field of the incident photon accelerates the charged particie. This particie will subseguently emit radia¬ 
tion with the same energy as the incident photon, but travelling in a different direction. 

3.2.2 INCOHERENT SCATTER 

Incoherent scatter of a photon is usually called Compton scatter. Compton scatter is inelastic in naturę. Both momentom 
and energy are conseryed in the process. After Compton scattering, the electron has acquired considerable momentom (and is 
excited from the atom), and a photon with a longer wavelength than the incident photon is emitted (see Figurę 1). The con- 
servatfon of energy and of momentom leads to a simple relationship between the scattering angle 0and the wavetength dif- 
ference AX between the incident and the Compton scattered photon; 

AA. = 0.00243 - (1 »cos0) [4] 

EquQtion [4] calculates the wavelength shift in nm. The peaks of Compton scattered radiation are typically broader than those 
corresponding to characteristic radiation or coherently scattered radiation. The reason is that most X-ray fluorescence spec- 
trometers do not have a collimated incident beam. The incident angle on the specimen can thus vary significantly. This eon- 
tributes to wide variation in total scattering angles &, leading to yariation in AA. 



Figurę 1. Compton scattering of an X-ray photon; 0h the scattering angle (from Willis and Duncan [3] with permission). 

33 Converston between Energy and Wavelength 


Photons exhibit a wave-particle dualtty [4]. The energy, £, of the "particie" and the wavelength A of the "wave" are related 
through Plancka eon sta nt, h: 


£ 


hc 

A 


fSJ 


where £ is.the photon energy; h is Pfanck's constant; and cis the speed of light tn yacuum. By substituting these yalues in 
Łąuation [5] f and expressing photon energy £in keV and wavelength X in nm, the following is obtained: 


1.24 

i 


Lfi] 
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This allows quick and easy conversion between energy and wavelength scal es. Notę that shorter wavelengths correspond to 
higher energm, 

Commonly, textbook$ designed around WDXRF will use waveiength units for the characteristic radiation. On the other 
hand, when dealing with EDXRF, the scalę of choice is an energy scalę with keV as the unit, Photon energy can be converted 
to photon waveJength and vice versa using Eguation [6]. The frequency of the electromagnetic radiation (which can be calcula* 
ted using c/k or from E/h) is not used when relating to XRF analysis. 

3.4 The Electromagnetic Spectrum 

The X-ray rangę is typically the spectral rangę between 0.01 and 10 nm, and it spans 4 orders of magnitude. In practice, 
however, the rangę of X-rays commonly analyzed varfes from about 0.04 to 1 nm. 

The X-ray region of the electromagnetic spectrum can also be expressed in terms of the characteristic radiation of the ele- 
ments. Most wavelength-dispersive X-ray spectrometers can be equipped to anaiyze characteristic lines between about 0.04 
and 4.4 nm. This allows analysis of all elements in the periodic table from carbon upwards (Z = 6). With dedicated anaiyzers, 
the elemental rangę can be extended to Indude beryllium, although issues with limited specifidty and sensitivity severely limit 
the practicai applications for the quantitative analysis of beryllium. 

3,5 Selection Rules 

The transkions in the process described above are govemed by quantum-mechanica! selection rules. XRF radiation is ob- 
served with reasonabie probability only from those transitions where 

Aj — —1, 0, +1 

and 

= ~ 1 or+1 

where j and / are the usual guantum numbers. The correspondence between shefi designations (K, L, M...) and the quantum 
numbers n t l t and m is given in Table 7, This means that in transitions such as K *— LI and LI «- Ml, both shells with / = 0 for 
initial and finał State are forbidden radiative transitions. These transitions, however, can be accompanied by the emission of an 
Auger electron. 


Table 1, Correspondence between Shell Designations (K, L, M, N) and Quantum Numbers (n, J, m) 


Shell 

Quantum Numbers 

Number of 
Orbltals 

Su bs heli 
Designatton 

Number of 
Electron* 
to Fili 
Subshell 

Totaf 

Number of 
Electrons 

In Shell 

fj 

/ 

m 

K 

1 

0 

0 

1 

n 

2 

2 

L 

2 

0 

0 

1 

2s 

2 

3 

2 

1 

-1,0,1 

3 

2p 

6 

M 

3 

0 

0 

1 

35 

2 

18 

3 

1 


3 

3o 

6 

3 

2 

-2,-1, 0,1, 2 

S 

3d 

10 

N 

4 

0 

0 

1 

4s 

2 

32 

4 

1 

1,0-1 

3 

4p 

e 

4 

2 

-2,-1,0,1,2 

5 

4d 

10 

4 

3 

-3,-2,-l,0,1 

,2,3 

7 

4f 

14 


After the initial vacancy has been created, the ion is in a highly exdted State. Afler an electron transition, for example, K 
L3, an energy equal to the dlfference in the binding energies (see Equation [3]) between the two shells involved can be re- 
leased. In the case on hand, this gives rise to the emission of a Ka photon. Photon emission is, however, only one of two com- 
peting processes. The other is the emission of an Auger electron. This is the process in which the energy is transferred to an- 
other electron, which escapes the ion with a certain kinetie energy The kinetic energy can be calculated in much the same 
fashion as the photon energy, using the energy levels from the shells invo!ved. If the energy released from the K +- 13 transi- 
tion is transferred to an LI electron, the kinetic energy can be calculated from 

“ ^Augcr “ \7\ 

The kinetic energy of the Auger electron is characteristic because it is madę up of characteristic quantities. The vacandes 
created after the emission of an Auger electron can subseguently decay, either by other Auger electrons or by photons. 
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3.6 Fluorescence Yield 

The fluorescence yield (symbol co) is defined as the próba bil ity that a vacancy is filled through a radiative transition. For the 
K-shell this is simply 

[ 8 ] 

where l K is the total number of K-shell X-ray photons and n K is the number of vacandes created in the K-shell. For the L-sheJI 
and M-shell, a similar definition applies for each of the subshells, but the number of primary vacancies needs to be corrected 
for the cascade effects and the occurrence of Coster-Kronig transitions [5]. These are nonradiative transitions between sub¬ 
shells having the same prindpal guantum number. Data regarding vafues for fluorescence yields can be found in the work by 
Bambynek et al. [S] and Hubbell et al. [ 6 ]. 

3.7 Counting Statistical Error 

The counting statistical error (C5E) is the uncertainty in the measurement of the number of photons, which is subject to a 
Poisson distribution, The distribution of the number of photons can be approximated by a norma! distribution, because the 
number of photons counted is usually sufficiently large, The standard deviation er N of an intensity measurement of N counts is 
given by the square root of the number of counts: 

= [9] 

Most measurements in XRF are now expressed as an intensity, /, which is simply the ratio of the number of photons counted 
divided by the measuring time, L The counting statistical error on a measured intensity can be catculated using 

[ 10 ] 

This indicates that the counting statistical error on an intensity measurement becomes smalfer with longer measurement 
times. Measuring longer on an XRF instrument (under otherwise constant conditions of measurement) reduces the relative un¬ 
certainty on the measurement This is generally appłicable until the resulting CSE becomes comparabie to the overall instru¬ 
ment error. For high-end instrumentatfon, the order of magnitude of this overall instrument error is aboutO.1% or better. Per¬ 
forming measurements with a CSE signrftcantly Iower than the overall instrumental error will not lead to morę precise results. 
The CSE thus imposes a theoretical Iower limit to the prectston of an X-ray measurement. The contribution of the instrumental 
errors is added to the CSE to obtain the total error on the measurement. 

The intensity of a photon beam is calculated from the number of photons collected divided by the time taken for the meas¬ 
urement, expressed in counts per second (cps) or kilocounts per second (kcps). 

3.8 Detection Limit 

The Iower limit of detection (LLD) is defined as the concentration that will yield a positive intensity above background inten¬ 
sity with a given confidence level. For anaiysis near the detection fimit, the intensity of the peak will be comparable to the 
intensity of the background. For example, a net signal that is 3 times larger than the CSE of the background will satisfy this 
criterion with 99.7% confidence. This intensity can then be converted to a concentration using the sensitmty, 5, of the spec- 
trometer for the anafyte considered: 

[1TJ 

where k is a factor depending upon the confidence (evel chosen, 5 is the sensitivity (expressed as net intensity per unit concen¬ 
tration), and CSE is the counting statistical error of the determination. Substituting Eguotion [10] where ą is the CSE of the 
intensity of the background yields 



where / 8 is the intensity of the background radiation at theanalytical linę considered. The LLD can be improved by the follow- 
ing: 

• Increasing the sensitivity, 5, of the spectrometer 

• Decreasing the intensity of the background, l 8 

• Increasing the measurement time, L 

The third method, increasing the measurement time, seems to be an especially easy way to improve detection limits, but it 
is Limited because long counting times can make the method impractical. Hence, for a given spectrometer configuration, any 
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increase in the sensitMty results in a similar increase of the background intensity. Quadrupling the sensitivity aEso leads to a 4- 
fold higher background intensity and an Emprovement of the LLD by a factor of 2. 

3,9 Nomenclature of X-Ray Emission Lines 

There are different nomenclatures in use Invoiving the designation of the X-ray emission lines. The International Union of 
Pure and Applied Chemistry (IUPAC) publlshed a systematic notation for X-ray emission lines and absorpfion edges, based on 
the energy-fevel designation. In practice and in many publications, Siegbahn's notation is still dominant. For the most impor- 
tant characteristic lines, the correspondence between Siegbahn and the IUPAC notation is given in Tobie 2. 


labie 2. Correspondence between Siegbahn and IUPAC Notation for the Most Important Characteristic Lines 


K-series 

M-series 

L-series 

Siegbahn 

IUPAC 

Siegbahn 

IUPAC 

Siegbahn 

IUPAC 

Ka 1#2 or Ka 

K ~ L 2,3 

L a i 

l 3 -m 5 

Ma, 2 

m,-n 67 

Ka, 

k-l 3 

La a 

l 3 -m 4 

Mp 

m„-n 6 

Ka 2 

K-L, 

L Pr 

l,-m 4 




K-M 3 

L Pz 

l 3 -n 5 



W U 

fC-M 23 

Ly, 




*P 2 

K-N 2 , 3 

M 

l 2 -m, 





Li 

U-M, 




4. SAMPLE PREPARATION 


With XRF it is possible to anatyze most materials, irrespective of thetr physicat State—whether they are liguids, powders, or 
solids—with little or no additiona! sample preparation. A signifkant advantage is the sample-size ca pac i ty: the XRF technique 
can accommodate large sample masses (usually in the gram weight rangę), thereby minimizing analytical sampfing errors. This 
enhances the degree to which the sample presented to the spectrometer is representative of the bulk materiał submitted for 
analysis, A primary concern is that the finał sample surface is fiat when it is placed into the measuring position. 

Measurements can be performed in a variety of environmental conditions including air, nitrogen, helium, and vacuum< Most 
X-ray spectrometers typically use vaeuum as the medium of analysis, with the exceptfon of same bench-top Instruments, Llq- 
uid sampfes are incompatible with vacuum environments, so helium, air, or nitrogen at near-ambient pressure is used. Air and 
nitrogen readily absorb fow-energy X-rays; therefore, their use is generally limited to the analysis of high-energy X-rays. Lig u id 
and powder samples are commonly analyzed in helium, as this significantly lowers the absorption of the characteristic radia- 
tion from the specimen, compared with the effects of air or nitrogen. 

4.1 Liquid Samples 

Lig uid samples need to be placed into disposabie sample cups before being introduced to the spectrometer. The sample cup 
should be eonstrueted with an appropriate supporttng film known to be free of contaminant elements. Suitable films, such as 
polyester or polypropylene, may have a thickness as Iow as ] .5 jim. It is also important that the disposabie cup is an appropri¬ 
ate size so that it is not viewed by the spectrometer; this ensures that the signals measured are coming from the sample only, 
and not from the sample cup. 

Furthermore, it is important to understand the relationships among the sample matrix, elements of interest, and concept of 
infinite thickness. In generał, when analyzing samples composed of low-atomic-number elements (e.g., organie matrices), tt is 
important to use a thicker sample than when analyztng for the same elements In a heavier (e.g v metallic) matnx. This ensures 
that the intensity of the X-rays produced (and detected) is only dependent upon the specimen's composition and not aiso on 
the quantify of mass analyzed. The thickness at which the intensities are no longer dependent upon the thickness of the spęd- 
men presented to the spectrometer is called the oritical thickness (also known as infinite thickness). The crltical thickness de- 
pends upon the energies of the emission tines considered, the sample matrjx, and—to a lesser degree—also on the excitation 
conditions. tn many cases, it may not be possible to obtain infinitely thick samples because of lack of sufficient materiał or 
because the crltical thickness may exceed sample cup depth; the iatter can happen when analyzing iiguids that are mainly 
composed of water or organie compounds. In these cases, correction procedures are applicable. In many cases, a simple modi- 
fication to the analytical procedurę—ensuring that all samples analyzed are of constant mass—is sufficient to avoid problems 
relattng to non-infinite thickness. 

An additiona! consideratlon is variation of the density between samples and standards. The analysis of sampfes that do not 
satisfy the reguirement of critical thickness will be further complicated by limitatlons imposed by the geometry of the instru¬ 
ment. The X-rays tncldent on the sample and the X-rays emitted from the sample form a complex shape in three dimensions 
that is essentially a cone, The geometry is referred to as a wedge. This geometry limits the usefulness of traditional matrix cor¬ 
rection because these conventional methods assume a uniform X-ray sampling volume, as opposed to a cone. In most cases, 
the difference between a tone-shaped geometry and the stmpler geometry modę! is insignifrcant. This effect Is morę pro- 
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nounced when measuring heavy elements [n light matr[x samples (such as organlcs)* In these cases, it can have severe effects 
on the calculated concentrations if it is not considered, However, it is possible to include a geometrie model of the wedge with 
a matrix eorrection technigue referred to as the wedge effect eorrection [7\> 

An alternative solution is to have an inflnitely thin layer of sam ple, thereby removing any possible sample Interference (ma¬ 
tm effects), as well as the geometrical effect described above, This is not always practical, and in practice it can be difficult to 
prepare reprodudble samples and standards. 

4.2 Powder Samples 

To ensure infinite sample thickness, loose powder samples may be simply weighed and placed directly into a disposable 
sample cup as described above. For reasons described below, it Is often advantageous to Irghtly pack the powder, using con- 
stant pressure and a clean tool. Vanations in sample compaction due to manuał pressing can be compensated for by using the 
Compton corrections, which can accountfor smali variations in sample thickness and/or density. These powders can also be 
ground to a finer particie size (if required) and then pressed to produce a solid pellet, 

Preferably, all nomhomogenous solid samples, such as coated tablets, shouid be ground using a grinding devlce. Similarly, 
any homogenous and fiat sample that has too smali an area to cover the instrument optical aperture shouid also be ground. 

For softer materials, a pestle and mortar may be suffident, and for other materials swing mills, bali mills, and/or cryogenic 
grinding mills may be required. The analyst shouid ensure :hat the grinding means do not contrlbute traces of the analyte 
elements; this can be ascertained easily by grindtng/milling pure compounds and comparing the spectra. By convention, the 
maxrmum powder (particie) size shouid be 50 pm or less. It is, however, morę important to have a conslstent particie size for 
both standards and samples. This ensures the homogeneity of the sample and provides an accurate representation of the en- 
tire sample, not just the near-surface layer. It is then possible to load a sample into a disposable sample cup, or to press the 
sample into a pellet The disadvantage of pressing a sample into a pellet is that it may be neeessary to blend a binder (e.g., 
wax or cellulose) into the sample. The use of such a materia! must be considered as a possible source of contamination. A 
number of different binders are avaiiabfe to improve the mechanical properties of the pellet, An advantage of pressing a sam¬ 
pie is that it removes air voids, which can absorb X-rays, and thus after pressing, the measurements typicaJly show enhanced 
light element reproducibility. 

Furthermore, it is possible to directly measure a pressed pellet without a supporting film. It is important to notę that sup- 
porting films can result in signal attenuation, depending upon the element of Enterest. This effect is commonly seen with light- 
er elements such as sodium (Na), magnesium (Mg), and aluminum (Al), The other key advantage is that the pellet ensures a 
fiat surface that Is available for reprodudble excitation from all angfes, In addition, pefletized samples can be measured in vac- 
uum conditions, and this reduces any photon absorption by air or any other gas such as helium (He). Some materials such as 
lactose and cellulose are sdf-binding, thus there are no deleterious considerations when preparing a pellet except for the addi- 
tional time spent on sample preparation. It is important to notę that standards and samples must be treated the same from 
sample preparation through anaJysis. 

Because the majority of pharmaceutical materials have an organie matrix, it is recommended to use a quantity of materiał 
corresponding to a thickness of about 1.5 cm. This tan be used for both liguids and loose powder samples (provided all sam¬ 
ples and standards have a similar matnx composltion). Furthermore, any minor sample thickness variations can be compensa¬ 
ted for by Compton ratio corrections. 

5, INSTRUMENTATSON 

All spectrom eters include a source (e.g., X-ray tubę), some kind of source fijtration mechanism, a sample cham ber, and a 
detector. In addition, wavelength-dispersive systems have a set of colllmators and an analyzing erystaf. These components, and 
a few optional items, are discussed below and are further dMded according to type of Instrument. A diagram of a wavelength- 
dispersive spectrometer is shown in Figurę 2. An energy-dispersive spectrom eter is simpfer in that the colfimators and the erys- 
tal shown in Figurę 2 are not present, and the detector is pointed directly at the sampie. 
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Figurę 2, Schematic diagram of a wavelength-dispersive XRF spectrometer, indicating the main components, 

5.1 K-RayTube 

The two most fmportant components of an X-ray tubę are the filament (used as a cathode) and the anodę. The filament is 
the source of electrons, which are accelerated to the anodę materiał by a strong electric field between filament and anodę. 
Upon impact with the anodę, the electrons can gradually lose their klnetic energy, generatlng heat and a continuous spectrum 
of X-ray radiation in the process. Alternath/ely, when the electrons ionize atoms from the anodę, the resulting vacancy can 
decay by emitting characteristic X-ray radiation. The totai spectrum of an X-ray tubę thus consists of the characteristic fines of 
the anodę element (which is discrete fn naturę) supenmposed on a continuum. Notę that the continuum radiation, scattered 
by the specimen, is the main source of the background observed in XRF analysis. 

5.2 Primary Beam Fiiter 

Most X-ray spectrometers are equipped with one or morę programmabfe beam filters, These filters are thm metal foils (typi- 
calfy between 50 and 1,000 microns In thickness) that are mounted on a mechanica! device that can move a particular fifter in 
the path of the primary beam. The main purpose of the pr mary beam \s to ellminate the characteristic Mnes of the X-ray tubę 
anodę, [f for example a rhodium anodę tubę is used, a significant part of the incident rhodium X-rays will be scattered by the 
sample. The fraction that is coherently scattered cannot be distinguished from rhodium fines that are created by atoms in the 
sample. in such a case, to allow for analysis of rhodium in the sample, the primary beam fiiter is used to prevent characteristic 
lines from the X-ray tubę from reaching the sample. Another application of beam filters is the reducdon of background In cer¬ 
ta in energy ranges. The lower limit of detection can be improved in cases where the background intensity is significant. How- 
ever, the use of primary beam filters also leads to a degradation of sensitivity, and care must be taken to achieve optimum 
setup conditions. 

5.3 Wavelength-Dispersive X-Ray Fluorescence Spectrometry 

5.3.1 PRINGPLE OF OPERATION—BRAGG r S LAW 

As the name implies, the wavelength-dispersive spectrometers employ an X-ray monochromatizing strątegy, using Bmgg'$ 
Law of Diffraction, to split the X-ray spectrum into its individual components (or rather, narrow energy bands): 

nX = 2d$in8 [13] 

where n Is the order of reflection; X is the wavelength of the photons considered; dis the spacing of the crystallographic 
planes, and dis the angle of incidence (and reflection) with respect to the crystaPs piane, In the vast majority of apptications, 
the ffrst order (n = 1) is used. For diffraction of photons with wavelength X to occur, the angle dmust be selected such that 
the product of 2ds/ndequals 2. Bragg F s Law can be v!ewed as the reguirement for positive interference of X-ray photons. Con- 
sider a monochromatic and paraflel beam of X-rays of a specific waveiength A with electrical vectors of equa! amplitudę in 
phase along any point of the dlrection of propagation. This beam is incident on a crystal at an angle Q. The beam is scattered 
in all directions, Fiowever, constructive interference only occurs in those directions for which the phase reJationship is con- 
served. This happens at an angle dfor incident rays 1 and 2 (see Figurę 3), for which the path difference AB + BC is equal to an 
integer number of wavelengths A. The Integer n refers to tlie order of the diffraction. The most intense diffraction peaks—and 
thus the highest measured intensity—can be obtained when n = 1 (First order), Higher-order diffractions with n - 2, 3, or 4 do 
occur, but the efficiency is Iow. 
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5.3.2 DfSPERSION 


The dispersion of a WDXRF instrument cart be calculated by differentiating Egudtion [13] as follows: 


d0 n 
dX 2d cos 0 


[141 


Disperston is a measure of the angular separation between peaks corresponding to two different wavelengths. A larger value 
for the dispersion indicates a larger angular separation, thus a smalier (potentia!) overlap between photons of slightly different 
wavelengths. Decreasing the 2dspacing is an obvious way to improve on angular dispersion; the 2d spacing is, however, de- 
termined by the crystal used, For most of the wavelength rangę, there are at least two crystals available; the one with the 
smalier spacing offers the better angular separation, but typically this invo!ves a loss of intensity. Well-defined crystals with 
known 2d spacing are used as monochromators. A list of commonly used crystals appears in Tobie 3. 


Table 3. Commonly Used Monochromators Sn WDXRF 


Crystal 

Marne 

Reffection Piane 

2d Spacing (nm) 

Element Rangę 

UF (220) 

LithEum fluoricfe 

(220) 

0.2848 

V-U 

Li F (2 00) 

Lithium fluoride 

(200) 

0.4028 

K-U 

Ce 

Cermanium 

(111) 

0,6532 

P, S, Cl 

PE or PET 

Pentaerythritol 

(002) 

0.8742 

Cl-Al 

TIAR 

Thallium add 
phthalate 

(1010) 

2.575 

M^-O 


Layered synthetic 
microstructure 


3-12 

Mg-Be 


Dispersion only describes the angular separation between two peaks; It does not describe the width of the peak, which is typi¬ 
cally referred to as resolution (in other forms of spectrometry) and is calculated from the fuli width of the peak at half height 
The actual resolution from the detector system has no discernible influence on peak separation. 

The ehoice of crystal and angle of the detector relatlve Lo the crystal determine which elemental X-ray lines may enter the 
detector, The main task of the detectors in WDXRF Is reduced to counting photons with a known energy, as the use of the 
monochromator crystal thus separates the selection of the wavelength of the photons from the actual counting. 


53,3 DETECTORS FOR WDXRF 

Gas-filled detectors: Cas-fllied detectors consist of a cylindrical volume filled with a noble gas such as argon (Ar) or krypton 
(Kr), and a wire runnlng through the center of the detector (see Figurę 4). 
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Exlł window 


1L Ar 



Figurę 4* Schematic diagram of a flow counter 


An ineoming photon (represented by its energy hv) can remove an outer (valence) electron of one of the inert gas atoms. 
For an argon-filted detector: 

Ar—^Ar+e- [15] 

The energy required for the ionization, e if depends on the element; for argon (Ar), about 26 eV is reguired to create an ron- 
electron pair. The totai number of such primary ionizattons, n caused per incident photon with energy, £, can then be calcu- 
lated using 



The electric field between the wire and the outer body will cause the electrons to accelerate toward the anodę wire. The 
posifive ions, on the other hand, will migrate toward the housing. The resulting electric field gives rise to a Cascade of ioniza¬ 
tion events. The result of this Cascade effect is as follows: for each of the individual electrons originaiiy created by the incident 
photon, many morę electrons are finally collected at the anodę wire (this is called the gas amplification factor and Es typically 
around TO 4 to 10 6 ), creating a voltage drop that is then processed by the countEng electromcs. 

The entrance window shoufd absorb as few of the ineoming photons as possible, because any photons absorbed into the 
window are lostfrom the counting Circuit, thus reducing the sensitmty. Large Windows with Iow attenuation for long wave- 
lengths can be madę fram stretched polymers, such as polyethylene or poły ester, coated with a conductive materiał at the 
interior of the counter to provide for a homogeneous electric field. Such thtn Windows need a mechanical support to with- 
stand the pressure difference caused by the vacuum in the spectrometer chamber, The collimator is usually preferred as a sup¬ 
port because it will afso reduce the amount of radtation that is scattered from the crystal or the multilayer. 

On the other hand, the polymer Windows have smali pinholes. These prnholes allow the counting gas to gradually leak 
away. Such detectors would have only a very short lifetime before the counting gas leaked away or became so contamlnated 
that it would effectively ren der the detector useless. To compensate for the leaks, a constant flow of counting gas is used, the 
excess of whlch is vented away out of the spectrometer chamber; such detectors are therefore called flowproportiona! counters 
(or gas flow detectors). Only a fraction of this flow is leaking Ento the spectrometer chamber, whereas the remainder is leaving 
the detector through a tubę and is vented into the atmosphere. It is essenflal for the overall stability of the spectrometer that 
the pressure and temperaturo of the gas are kept constant. Hence, most Instruments are eguipped with a gas-density stabilizer. 

Gas flow proportional counters are the preferred counters for the detection of X-rays with very long wavelengths in wave- 
iength-dlsperslve spectrometers. The counting efflciency of the gas-frlled detectors is determined by the absorption in the en¬ 
trance window and the capture efficiency (absorption of the incident radiation) of the counting gas for the wavelengths of 
interesu The capture efficiency depends on the path length available wrthin the detector, the composition of the counting gas, 
and its pressure. The absorption properties of the window determine the efficiency of the detector at the long wavelengths, 
whereas the absorption properties of the gas determine the efficiency at the shorter wavefengths* Considering the typical di- 
mensions, the naturę of the gas, and the pressure, the absorption of the gas as function of the wavelength of the incident 
photon can be calculated. Around wave!engths of 0.2-0.3 nm, about ha!f of the incident photons are not absorbed, reflecting 
a Iow efficiency. This is fhe main reason why seguential WDXRF instrumentation is eguipped with morę than one detector. 
Scintiflation counter: WDXRF Instruments are generaily dtted with a sdntillation counter for the detection of shorter wave- 
lengths for which the gas proportional counter is less efftcient. The operatlon of the sdntillation counter is based on twa dis- 
tinct stages: a sdntillation crystal and a photo-multiplier tubę (see Figurę 5). 
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+ HV 



Scintillator ery stal 


Figurę 5, Schematic diagram of a scintillation counter. 

In the first stage, the tncoming photon is absorbed by a "scintillator crystal". A scintillator is a materiał that emlts light when 
it is exdted by ionizing radiation, such as X~ray5* Many different scintillator materiais exist, with different properties regarding 
radiation hardness, operating temperaturę rangę, decay times, optical properties, and other properties, The most commonly 
used scintillator materia! in WDXRF instruments is a sodium iodide (Nal) crystal, doped with thallium (Tl)* The scintillating erys- 
tal is optically coupled to a "photo-mul tipi ter", whkh consists of a photo-cathode and a senes of dynodes* In the second stage, 
upon impact by a photon, the photo-cathode releases free electrons* These are then accelerated toward a senes of dynodes, At 
each dynode, the impact of the electrons generates morę electrons* ff 10 dynodes are used, the total amplification provided is 
about a factor of lO. 

The counting efficiency of the scintillation counter ts largely determined by the thickness of the sodium iodide thallium 
(Nal(TI)] crystal. The counting efficiency for a 3-mm-thick crystal is better than 99% for wavelengths of 0*05 nm and longer* 
This allows the detection of high-energy photons such as Sn Ka with high efficiency* 

The production of light photons is higher in the scintillation detector than the number of electron-lon pairs created in a flow 
counter; this should iead to a better resolution. However, this advantage is cancelled out by the Iow yield of photo-electrons 
by the photo-cathode, where less than 1 electron isfreed for every 10 incident light photons* Compared to the gas-filled 
counters, the resolution of a scintillation counter is worse* 

The use of the WDXRF technigue (typically with power in the kW rangę) for organie matrix sam ple analysis is limited be¬ 
cause heat generated by the X-rays may be suffirient to rnduce significant specimen aiteration, such as browning or burning of 
the sample surface. Furthermore, even if the sam ple Is measured for a very short ttme by WDXRF, the heat imparted to the 
sample surface may induce the loss of volatile elements [e*g., mercury (Hg) and selenium (Se)]* The WDXRF technique is, how- 
ever, perfectly suited to measure inorganic materiais that can withstand eievated temperatures. Examples of common inorgan- 
ic materiais that are suitable for WDXRF measurement are calcium carbonate (CaC0 3 ) and sodium chloride (NaCI)* 

5.4 Energy-DJspersive X~Ray Fluorescence Spectrometry 

5*4 J PRINCIPLE OF OPERATION 

The energy-dispersive XRF technique typically involves simultaneous detection of photons of different energies that are emit- 
ted by the atoms in the sample. The detector determines both the photon's energy and the intensity, which is the number of 
photons per unit of time* To provide adeguate resolution for drstinguishing between characteristic lines and overlapping lines 
from other elements, most EDXRF instruments are equipped with a hlgh-resolution detector and a multhchannel analyzer 
(MCA). The MCA essentiaily provides a histogram representation of the spectrum. High-end instruments use sophisticated cal- 
culation (deconvolution) algorithms to identify the peaks (i.e., to establish the presence of certa in elements) and to obtaln tn- 
tensity data from the histogram. EDXRF is theoretically a simultaneous teehnique because it measures the compiete spectrum 
in a single counting phase. However, significant improvements in performance can be achieved by measuring the sample us- 
ing two or morę different exdtation conditions, each oplimized for a certain energy rangę. 

Compared to WDXRF, the design of an EDXRF spectrometer is much simpier because it lacks a high-preetsion goniometer 
and the assodated collimators. The positioning of the detector relative to the sample is very simple; the most obvious reguire- 
ment is that there should not be a direct path between the anodę of the X-ray tubę through the en tran te windo w of the de¬ 
tector onto the active body* Distances between the X-ray tubę window and specimen, and between the specimen and detec¬ 
tor entrance window, can be smali, in the order of 1-2 cm. Furthermore, as onfy limited colltmation is required, the angle of 
acceptance of the photons from the specimen can be quite large. Low-power X-ray tubes with ratings up to 50 W are used* 
Because of the inherent simplicity of their design, wide variation of Systems with varying capabiHties exists. A typical spectrum 
on an energy-dispersive spectrometer is shown in Figurę 6 . The energy on the horizontal axis inereases from left to right* The 
peak shape is nearly perfect Caussian. 
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Figurę 6, Energy-dispersive spectrum of a brass spedmen. From Jeft, the peaks are due to Cu Ka, Zn Ka, Cu K/?, and Zn Kfi , 

The horizontal axis is energy and the vertical axis is in counts per channel This spectrum was recorded at 75,000 cps with 

50 kV and an Ag primary filter to reduce the background. The ful! width at half maximum (FWHM) is about 1 65 eV at the Cu 

Ka peak, 

5.4.2 DETECTORS 

The resolution of the detector system determines both the peak width (expressed as FWHM) and the peak separation. Sys¬ 
tems may be equipped with gas-filied, solid-state, or semLconductor detectors. The three most common solid-state detectors 
used are the following: 

• Liquid nitrogen-cooled silicon-lithium drifted Si(Li) 

• Li q u id nitrogen-cooled germanium detectors, such as the LeCe and HPGe 

• Detectors based on intrinsic Silicon, such as the PIN (positive, intrinsic, and negative) detector and the SDD (Silicon drift 
detector), 

The first two types of detectors allow for high photon-capture efficiency but require reiativefy bulky, weIMnsufated contain- 
ers (Dewar) for the liqu£d nrtrogen. These detectors are generally rather large, which improves sensitivity, and thick, which im- 
proves capture efficiency for high-energy photons. They are typrcally found on floor-standing eąuipment. Benchhtop systems 
are eguipped with detectors that are based on intrinsic Silicon. These types of detectors do not require cooling to temperatures 
as Iow as the other two categories; temperatures between -25° and -15° are acceptable. Peltier-cooling or electro-thermal 
cooling is sufficient to reach those temperatures. The detectors are smaller and thinner than their bulk sibiings. Older equip- 
ment mlght strll be using so-cailed PIN detectors, but a!J of the newer equipment tends to be eguipped with an SDD. The 
SDDs have much better resolution and can be used at much higher intensities than the PIN detectors, which are typically limi- 
ted to about 220 eV at Mn Ka. The SDDs combined with state-of-the-art electronics have a resofutron (expressed as FWHM) of 
better than 145 eV at Mn Ka, This is comparable to liquid nitrogen-cooled semi-conductor detectors, A word of caution is 
required as the resolution worsens with increasing count ratę or intensity, Most manufacturers therefore spedfy resolution at 
an impractical, Iow count ratę of 1,000 or 2,000 cps. 

5,5 Polarized X-Ray Spectrometry 

5.5.1 PRINCIPLE OF OPERATION 

The most elaborate EDXRF spectrometers use poiarization or a secondary target to modify the spectra! distribution of the X- 
ray source; the aim is to reduce, or ideally eliminate, the intensity of the continuum background. This effort is a logical conse- 
quence of Equation [3]. Due to the fact that the major component of the background is scattered tubę radiatlon, one method 
of preventing radiation from the X-ray tubę from reaching the detector system is the use of polarized radiation, These systems 
have appiications in the analysis of, for example, residues of palladium (Pd) catalyst in some pharmaceutical ingredients. 

5.5.2 POLARIZED RADIATION AND POLARIZiNC TARGET 

The orientation of the electric field vector, E, of the photons generated In an X-ray tubę is random but always perpendicular 
to the direction of propagation. Using a Cartesian coordinate system, with the z-direction coincrding with the direction of 
propagation, the two components of the electric field vector in the ^-direction (denoted by £J and y-direction (£j,) are identical 
and obey the following relationshrp: 

[17] 

The component along the axis of propagation, E z is zero; this is because electromagnetic radiation is a transverse wave. After 
coherent scattering in the yz piane, the field vector of photons traveling In the y direction, E v , is also reduced to zero. This beam 
of photons, alf with their electric field vector parallel to the x-direction, is directed at the sample and interacts in the usual way. 
The photons cause ionizations and can be scattered, but they cannot be scattered in the direction along the x-axis, because 
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the electric field veetor cannot have a component parallel to the direction of propagation. If the detector is now pfaced some- 
where along the ^-direction (still in the same tramę of reference), the background rs significantly reduced because the mam 
eontribution (i.e., scatter from the incident radiation) r$ absent The process is inefficient because there is no active polariza- 
tion; it is entirely achieved by suppressing one component of the electromagnetic wave, thereby significantly redudng its In- 
tensity. Therefore, high-power X-ray tubes are used. 

5.5.3 SECONDARY TARGETS 



The use of secondary targets in energy-dispersive spectrometry has been widespread for high-power instrumentation. The 
aim is to reduce the background, thus improving the Iowę 1 - limit of detection. When electrons decelerate, they generate Brems- 
strahlung of a continuous naturę; however, photons do not generate Bremsstrahiung. The principle behind an instrument 
eguipped with secondary targets is to use a classic X-ray tubę to provide a beam of X-rays (including the troublesome continu¬ 
um) and direct it at a secondary target, which is typically a metal, The radiation emanating from the secondary target will 
consist of the veiy intense characteristic radiation correspording to the naturę of the target and scattered continuum, The in- 
tensity of the scattered background is relatively Iow, espedally when the target materiał is a metal of medium-to-high atomie 
number. There is no additionai continuum created by the incident photons, buf a tiny eontribution to background radiation is 
created by the high-energy photo-electrons. The radiation from the secondary target is directed at the sample for excitation 
purposes. The spectrum from the sample is composed of the characteristic lines from the elements present, the scattered char¬ 
acteristic radiation from the secondary target, and the concomitantly scattered continuum from the tubę. The latter contribu- 
tion is very weak because it has been subjected to two scattering events, one at the secondary target and another one at the 
sample, ff the instrument is equipped with a selection of secondary targets, then significant improvements in the fower limit of 
detection can be obtarned. The two-step process reguires a higher-power X-ray tubę to get the same fiux at the sample when 
compared to direct excitation, so it is generał ly not incorporated into bench-top instrumentation* Currently, secondary targets 
are often used in combination with polarization targets. This combi nation is straightforward, because both types of targets can 
use the same geometrica! arrangement. 


5.6Total Reflection X-Ray Fluorescence Spectrometry 

Another variety, total reflection X-ray fluorescence (TXRE t also sometimes abbreviated to TRXRF), specializes in the analysis of 
infinftely thin and extremely homogenous samples derived from liguids. Typically, TXRF instrumentation employs an X-ray 
source, which is directed at the sample under a very smal! angle with respect to the surface. The detector is typically piaced 
above the sample at a 90° angle. The TXRF technigue commonly uses interna! standards (mixed into the unknowns) and geo- 
metricai relationships to determine elemental concentrations. 


6, QUAilTATIVE XRF ANALYSIS 


This section applies to both WDXRF and EDXRF. 


6.1 X-Ray Spectra 

Qualitative analysis by means of X-ray fiuorescence is relatlvely simple because the characteristic linę spectra of the elements 
are simple and are not affected by Chemical bonding; Le., these spectra are truły elemental. For qualitative (and quantitative) 
analysis, the matn lines are those from the K- and L-series, The K-lines result from electron transitions after one of the K-elec- 
trons has been expelled. Due to quantum mechanical selection rules, not all transitions are allowed. Transitions from the L- 
shell to the K-shell are limited to transitions involving L2 and 13, as radiative transitions between the LI-Shell and K-shell are 
forbidden. These transitions are the most probable, Eeadtng to the most dominant linę in the spectra. For most elements, the 
energy difference between the L2-shell and L3-sheli is rather smali (in the order of a few eV), so the emitted lines are typically 
not separated and simply considered a doublet, Radiative transitions from M- and N-shells to the K-shell are also oceurring, 
These give rise to a morę compiex part of the K-spectrum. In practice, however, only the K/? u doublet (resulting from transi¬ 
tions between M3 and K and M2 and K) is of importance* The relative intensity between the Kc i and the K/? varies from 1 in 
1,000 for sodium (Na) to 1 in 6 for plutonium (Pu), with the Ka always being the most intense linę of the senes. 

The Ka-line is generated by an electron transklon from an electron in the L3 shell, following the removat of a K-shell elec¬ 
tron. The Ka-line is the most dominant linę in an elemenTs series. The K electrons of an element, however, have the highest 
binding energy of all electrons in the atom, and thus are only exdted by high-energy incident photons, This is generał ly not a 
problem for the Iow- and middle-atomic number elements, but excitation of the K-lines of elements with atomie numbers 
above 50, for example, might not be possible, as the exdtation potential is higher than the maximum operationai voltage on 
most X-ray tubes. 

Whereas the K-line spectra are typically limited to two lines only, the situation for the L-series spectra is morę compiicated. 
For lead (Pb), a totai of 46 L-lines are listed in Bearden [2]. Many of these are weak, or are doublets. For qualitative analysis, 
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not all of these lines are to be considered. In all cases, it is mportant to realize that if the Kft is vistbie, then the Ka must be 
visible too and must have a higher intensity. 


6,2 Qualitative Analysis 

Quafitative analysis typically consists of a few simpie steps. After the spectra have been collected, the background is subtrac- 
ted. This background subtraction can be done In a separate step, or it can be done in conjunction with a peak search atgo- 
rithm. A fraction of these photons propagate in the direction of the analyzing aystal (WDXRF) or directly to the detector 
(EDXRF). Next, a peak search is performed, and finally, these peaks are identified, i.e., each is attributed to a particular ele¬ 
ment. Efficient algorithms for quaiitative analysis iook for the presence of each element, rather than trying to identity each 
peak. This is different from X*ray diffraction, where each peak is checked fora match with a phase. In this method, the peak 
search is performed first. Then, for each element, the presence of the Ka r 2 *doublet is verified. If this linę is found in the spec¬ 
trum, then the weaker lines of the same series (K/? 13 and K/? 2 ) are investigated. Notę that all characteristic lines in the same 
series should appear, except in cases where the intensity of a weaker linę is similar to the intensity of the background. For 
elements with higher atomie numbers where the K-lines are not excited (or not detected due to limitations in detection hard¬ 
ware) the process starts with the L-]ine spectra. The intensity ratlos of, for exampie, Ka to K/f are listed in several databases 
[8,9]. The tabulated ratios are for the "isolated" atom; they reflect the intensities as obtained from an atom without any matrix 
effects. These ratios can be corrected quife easily for matm effects, even in the case of overlapping lines, Only elements that 
are present at tracę levels (with intensities comparable to the standard deviation of the background intensity) are usualły 
deerned "not present". Notę that, in pnndple, linę interferenee between elements is not much of a problem in quafitatfve 
analysis; this is due to the fact that in qualitative analysis, many morę data points that cover alternative lines are available. 
Hence, establishing the presence of elements is not impacted as much as one would suspect. Also, in energy-dispersive spec* 
trometry, where the linę overlap is most $evere, adeąuate corrections can be performed because the peak shape is rather well 
known. 

7* QUANTITATIVE XRF ANALYSIS 

7,1 Selection of Analytical Linę 

The characteristic emission spectra of most elements contain several lines. The choice of an analytical linę for a given ele¬ 
ment is largely dependent on three factors: the concentration of the element in the sample, the potentially interfering lines, 
and the excitation capabilities of the spectrometer. In mos: cases, the Ka emission linę of an element is preferred. When the 
excitation of the Kdines is not possible due to limitations of the tubę and/or generator, the use of L-lines, with their lower ener- 
gy, is necessary. Use of the La-line (when the Ka-line is not excited) does not tnvolve much of a detnment because for those 
elements, the intensity of the L-lines is quite high. Also, the detection efficiency of the L-fine photons is then much higher than 
that of the high-energy K-lines of the same element. For elements with high atomie numbers (Le., Z larger than about 72), the 
L/jf offers a very good alternative to the La and these lines have comparable sensitivities. 

In generał, on a typical WDXRF instrument, all elements with atomie numbers up to 56 are measured on their Ka-line. For 
elements with higher atomie numbers, the La-llne is used. For EDXRF spectrometers equipped with SDD-using generatars (and 
tubes) with a maximum voltage of at least 30 kV, K-lines are available to measure for elements up through about Z = 47; the L- 
line spectra are used for all elements with higher atomie numbers. The exact point at which the switch over occurs between 
the K*Nne and the L4rne spectra depends on factors such as the applicatron and the anodę materiał of the X-ray tubę used. 

Quantification procedures are carried out using routine spectroscopic techniques invojving the measurement of blanks and 
standards of varying eJemental concentrations. The measured intensities are then corrected for background and for linę over- 
lap, if required. In a number of cases, a straightforward linear relationship between the intensity of the analyte and its concen¬ 
tration can be estabiished. This is especially the case with Iow concentrations in a constant matrix. In the morę generał case, 
however, corrections for matrix effects are required. Matrix effects are not the limitmg factor in the precision of the finał analy¬ 
sis, but they must be accounted for in order to obtain an aceurate measurement. 

7.2 Matrix Correction Techniques 

7.2,1 ORIGIN OF MATRIK EFFECTS 

XRF is typically applied to condensed samples, without resorting to dissolution of the sample in an abundance of acids or 
other solvents. Thus, the samples remain concentrated, in contrast to many other technigues. Because of this, the XRF techni- 
que rs prone to matrix effects, in that the relationship between the intensity of a particular analyte and its concentration is 
generally not as simple and straightforward as with diluted spedmens, With the latter, this relationship between concentration 
and intensity is often expressed as a straight linę. However, the presence of other elements at high concentrations can cause 
deviations of this straight-line relationship. The physics of X-ray emission and detection is well understood and relatively simple 
for bulk materials, and this provides a solid theoretica! basis for a mathematical description of matrix effects. Matrix effects can 
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thus be described accurately and correctly using a variety of mathematical techniques, and several methods have been devel- 
oped to address them. Iwo main mathx effects can be distlnguished and are discussed below—absorption and enhancement. 
Absorption: Absorptfon as a matrix effect occurs when the matrix elements and the analyte element have dHferent absorp- 
tion properties for the charaeteristrc radiation of the analyte. If the mass attenuation coefficient of one or morę of the matrix 
elements is larger than the mass attenuation coefficient of the analyte, the matfix will absorb morę of the analyte radiation 
than expected and the measured intensity of the analyte will be lower, This results in a concave calibration curve. If, on the 
other hand, the absorption of the matrix elements rs lower, a higher Intensity of the analyte will be measured and a convex 
calibration curve will be observed. Absorption as a matrix effect can be large, reducing the intensity by as much as 100% (and 
morę) or "increasing" it by as much as 10%, depending upon the analyte and matrlx elements. The magnltude of the absorp¬ 
tion effect depends on the wavelength of the analytical linę considered and the composition of the specimen, In a given speci- 
men, the absorption effect can be significant for the characteristic linę of one analyte and rather Insignificant for another. The 
absorption effect can also differ signifioantly for the same analyte when measured on two dffferent characteristic lines. 

The three processes that tause absorption are the photo-electric effect, the coherent scatter, and the incoherent scatter. In 
generał terms, photons with a given energy will be absorbed morę with increasing atomie number of the absorbing element. 
Also, the absorption by a given element decreases in a steady, smooth manner when the photon energy increases. However, 
when the photon energy exceeds the binding energy of electrons in an inner shell, the photo-electric effect (see 3 .1 hnization 
and the Photo-Eiectrk Effect) causes an inerease in absorption. This leads to discontinuities in the absorption curve at energies 
corresponding to the binding energy of the electron levels. These discontinuities are called absorption edges; the energy at 
which the absorption edge occurs is equal to the binding energy of the electron shell concerned. 

Enhancement: Enhancement as a matrix effect is the process whereby the characteristic radiation of matrix elements is absor¬ 
bed by atoms of the analyte, subsequently caustng characteristic radiation of the analyte. The intensity of the anaiyte is thus 
enhanced, which leads to concave calibration curves. For a given analyte, all characteristic lines from the same series are en- 
hanced to the same degree. This is because the root cause of the enhancement is the photo-electric absorption of radiation 
from matrix elements. The effect of enhancement is typically smaller than that of absorption. It is most pronounced in alloys of 
the first-row trans!tion elements, where it can reach 25%. In many other applications, the enhancement effect is smaller, but is 
still important enough to warrant consideration and correction. 

7.2.2 FUNDAMENTAL PARAMETER METHODS 

The physlcał processes invo!ved in absorption and excitation in XRF are well understood and easy to model mathematically. 
Al! entities reguired are llsted in a variety of tables and databases. The calculatlons were previously tedious and time consum- 
ing, but with the current computing power availabie, the calculation effort is no longer an obstacle. Fundamental parameter 
methods are based on the underlying physical processes governing X-ray fluorescence, induding the speciflcs of the instru¬ 
ment^ geometry, the anodę materiał of the X-ray tubę, the voltage on the tubę, and the composition of the specimen. The 
derivation of the equations is beyond the scope of this chapter, but is addressed by Criss and Birks [10] and Shiraiwa and Fuji- 
no [7 7]. 

7,2.3 COMPTON CORRECTION 

The use of Compton scattered radiation as a means to correct for matrix effects (as weil as for variations in sampie prepara- 
tion) has been described by Reynolds [72] and Taylor and Andermann [73], The Compton correction is based on the fact that 
the intensity of incoherent (or Compton) scatter is inversely related to the mass attenuation coefficient of the sampie. In prac- 
tice, a high-energy characteristic iine from the tubę anodę s used. Measuring the intensity of the Compton scattered tubę linę 
thus reveals information about the absorption properties at the wavelength of the Compton scattered linę. At first glance this 
seems to be of limited use, but in the field of X-rays, values of the mass attenuation coefficients for the same sampie at differ- 
ent energles/wayelengths are proportional. This relationship, and the fact that absorption Is the major source of matrix effects, 
explains why the Compton correction is a powerful correct i on method in a variety of matrices. 

It rs, however, not generally applicable and will fail in cases where there are significant absorption edges between the wave- 
lengths of the Compton scattered radiation, at the wavefength of the analytical linę used. The correction is based on the rela¬ 
tionship between Compton scatter and the sample's absorption properties, and it does not correct for enhancement. 

7,2,4 INFLUENCE COEFFICIENT ALGORITHM5 


Matrix correction methods based on influence coefficients have the generał format 





[iej 


(based on Lachance and Tralll [74]) where C } and C y are the concentrations of the anaiyte i and the interfering element /, re- 
spectively, and is the influence coefficient, expressing the influence of interfering element /on the analyte /. Ali concentra- 
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tions are expressed as weight fraction, The summation in Eąuotion [18] has n - 1 terms, for a sample consrsting of n elements 
or compounds; this is a simple yet essential feature of the algorithm. The same set of equations with n terms in the summation 
would lead to a homogeneous set of simultaneous equations, from which only ratios rather than absolute yalues could be de- 
rived, 

Because the sum of the concentrations of all elements (whether they are measured or not) in a spedmen always totals 1, 
one element can be eliminated. Most influence coefficient algorithms in software are based on this equation, however they 
may differ in how the values of the coeffidents are calculated 

7.2,5 EMPIRICAL INFLUENCE COEFFICIENTS 

Lachance and Traill [14] mdicate that the value of the coeffidents should be calculated from theory, but they only provide a 
simple and limited method that fails to consider enhaneement or the polychromatic naturę of the incident beam. Therefore, in 
many cases the coeffidents were determined using multiple regression methods. Many early yaria tions on influence coefficient 
algorithms were based on regression techniques that were used to calcu la te the value of the coefficients. However, the use of 
regression methods should be discouraged as they often lead to overly optlmistic indications of precision and then often fail 
during yalidation. This as especially problematic if not enough certified reference materrals are used in the calibration. The min¬ 
imum number of standards used should be at ieast 3 times Ihe number of parameters, Each of the influence coefficients whose 
value is determined by regression consumes one degree of freedom, as does the determination of slope and intercept. 

The total number of parameters to be determined can grow rapidly for a single analyte, For example, assume that there are 
three tnterfering elements, and thus with slope and intercept, a total of five parameters need to be determined. This reguires a 
minimum of 15 independent and uncorrelated standard samples, Notę that replicates of the same standard sample do not 
count as individual samples, but instead count as a single one; this is a common source of error. Also, care must be taken to 
ensure that the standards are uncorrelated. This implies that a series of dilutions from a given standard cannot be used when 
empirical influence coefficients are to be determined. In a dilution series, two (or morę) components A and B increase (or de- 
crease) tn the same direction. Thus the effect of component A on the intensity of the analyte cannot be distinguished from 
component &s effects, leading to erroneous yalues for the influence coefficients. 

7,2.6 THEGRETICALLY CALCULATED INFLUENCE COEFFICIENTS 

De Jongh [15] was the first to publish a method detailing the cafculation of influence coefficients, using theory only to elimi- 
nate a compound other than the analyte, The algorithm is still in common use today. The eliminated compound can be the 
non-fluorescing matrix, such as celluiose, or the matrix when its concentration is not certified. Notę that the concentration 
rangę over which the algorithm deliyers precise results is rather limited when the matrix effects are severe, This is a direct con- 
seąuence of the fact that the yalues of the influence coefficient are calculated for a particular composition of the sample. For 
routine analysis tnvolving relatively limited concentration ranges, the algorithm deliyers excellent results. In eontrast to the sit- 
uation where the yalues of influence coefficients are deternined by regression (see 7.2.5 Empirical Influence Coeffidents ) it is 
feastble to caMbrate using dilution series. 

73 Measurement Method Development and Calibration 

73.1 OV ER VI EW 

O nce the elements of interest have been identified, the spectrom eter measurement parameters must be set appropriately, 
This involves detemnming the "ideał" measurement conditions for each element. The list of parameters to be selected for each 
analyte can include, for example, the yoltage and current on the X-ray tubę, the ery stal and the collimator (WDXRF), the type 
of primary beam filter (if used), and other parameters. For elements that are similar in atomie number, the settings will be 
quite similar. The precision of XRF measurements is theoreiically limited by the CSE. It has been shown that the CSE of a meas¬ 
urement of N counts (photons) is given by the square root of N . It is a generally accepted practice to determine the measure¬ 
ment times that obtain an aceeptable CSE for each element of interest, Sample preparation errors and the CSE are the largest 
contributors to the total analytical precision. Once the measurement time has been established, it is important to ensure that 
the background positlons and methods for peak fitting are also appropriate. 

After the net intensities of the elements of interest have been obtained from a suitable number of reference standards, a 
calibration can be performed. For Iow concentrations of aralytes in an otherwise constant matrix, linear regression may be 
appropriate. When evaluating specimens with higher concentrations of analytes, the calibration also involves correction for 
matrix effects. The fact that the EDXRF technigue is not capable of measuring the organie constituents of an actual pharma- 
ceutical composition is of little concern. This is certainly true if the composition of the matrix is constant, and if the total con- 
tent of measurable elements is Iow. But if these two conditions are not satlsfied, the difference in scattering properties can 
result in calculation errors if not corrected. Fortunately, there are numerous strategies that accommodate these differentes, 
such as the fundamental parameters method or the Compton correction method. The naturę of matrix effects, as well as 
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methods to correct for Lhem, have been discussed above, The application of these methods to calibration and anafysis of un- 
knowns will be discussed in the sections below, 

73,2 CALIBRATION USING INFLUENCE COEFRCIENT ALGOR1THMS 


Calibration using influence coefficients is rather straightforward. Once the values for the coefficients have been calculated for 
each of the standard samples, the summation 



m 


can be calculated where for standard samples, the contentrations, are known. The vafue of M f for one standard sampJe will 
be different from the value for another standard sample, and it does not matter whether the difference is significant or slight 
(large or smali). If adequate correetions for background ha^e been madę, calibration is then represented by 

Q = K t l t M t [20] 

where the product of the measured intensity, i it and the corresponding value for the matrix effect are regressed against 
the given, known concentration, C* to determine the slope, K t . This equation assumes that the intensity, l it is properly correc- 
ted for the background, In those cases where the intensity of the background is constant between samples and standards, a 
slightly modified eguation can be used: 

Q = ą+MM [21] 

where is the intensity of the background. In this case, both B f and K } are determined by regression analysis. In situations 
where the background intensity varies significantly between samples, or between samples and standards, proper background 
correction must be applied to the measured intensities, and the corrected intensities must be used for the calibration. 

733 CALIBRATION USING COMPTON CORRECTION 

In this case, both the intensity of the analyte, and the intensity of the Compton scattered linę, / D are measured, The inten¬ 
sity of the Compton is inversely proportional to the mass altenuation coefficient [12] f or 

H-f [22J 

k 

Combining this wrth Equation [20] leads to 

C,=M,f [23] 
k 


The intensity of the analyte and the Compton linę are measured on a suitę of standard samples and regressed against the 
analyte concentration to determine the va!ue of the siope of the calibration. A background factor, B it can be determined as 
well. 


73,4 CALIBRATION USING FUNDAMENTAL PARAMETER METHODS 

The physical processes involved in absorption and exdtation during XRF are well understood, and it is possibEe to calculate 
the value of the matrix effect based on several factors: the composition of the sample, the type and settings of the tubę, the 
geometry of the spectrometer, and the fundamenta! parameters: 

M, - lube , geometry, fp) [24] 

This value of M , is calculated for each standard and for each analyte of interest, and then applied in the usual manner. 

733 1NTERNAL STANDARD METHOD 

An alternative to the methods described above is the interna I standard method, A ftxed quantity of an element s (other than 
the analyte i) is added to all spetimens. The element s is chosen soch that it is not present in the specimens, thus ensuring that 
its concentration is the same for all specimens. In the absence of matrix effects, the measured intensity of its characteristic radi- 
ation would also be constant. Any variation in its intensity (other than the variation resulting from the counting statistical er- 
ror) is attributed to the presence of matrix effects. The idea Is to choose the internal standard element s in such a way that the 
intensity of its characteristic radiation is subject to the same matrix effects as the intensity of the analyte element under consid- 
eradon. Both intensities—of fhe analyte and of the added element—intrease {or decrease) tn proportion to one another de- 
pending upon the matrix effect Equadon [22] can be modified for the internal standard element s: 
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[25] 

In this equatton, C s is a constanL Takmg the ratio of Equotion [20] and Equation [25] and salving for the only unknown, Q 
yields 


It is important to notę that the terms of the first fraction in Equation [26] are either all constants (/(<, K„ and CJ or are propor- 
tional to one another (MJM). iąuation [26] tan thus be reduced to 

Q-«;f [ 27 \ 

where all of these constants are collated in a single variable 

The mam challenge in applying this method is the selection of the element to be used as the interna! standard. This elemenl 
most not be present in the specimens (or at most, present at very Iow leveis that will not interfere with the analysis). Also, its 
charaeteristic radiation must be subject to the same matrix effects as the analyte(s) of interest, and its emission spectrum 
should not tause interference. In particular, tarę must be taken to ensure that the anafyte element and the internal standard 
are bolh subject to (or both not subject to) enhancement by a matrix element. In the same fashion, when the analyte is in the 
presence of matnx elements that strongly absorb the charaeteristic radiation of the analyte, the same should apply to the char- 
acteristrc mtensity of the internal standard element 

When the samples are organie matrices typical of pharmaceuticals, it is easy to satisfy the essential reguirement that the 
charaeteristic radiation of both the analyte(s) and the internal standard are subject to the same matrix effects. These organie 
matrices do not exhibit charaeteristic radiation of their constituent elements, which makes it easier to find a suitable internal 
standard element. A simple guideline is to choose an element that is not present in the samples and that has an emission linę 
close to the one of the analyte’s (with regard to either wavelength or energy), The charaeteristic lines themselves do not have 
to be the same or even from the same senes, and the method also works when the analyticai linę is a Ku and the linę of the 
internal standard is, for example, an tfl . It must be noted that there is no requirement for the internal standard element to be 
a pure element. Stable compounds that are easily soluble in a solvent can be used. The $olvent is, in many cases, the same as 
the base materiał of the specimens and the calibratlon standards. If morę than one internal standard element is to be used, it is 
recommended that both elements/compounds are added in a single internal standard solution, to minimlze errors. 


7A System Suitability Criteria 

Performance charactensties that demonstrate the suitability of an XRF method are simiJar to those required for any analyticai 
procedurę. A discussion of the applicable generał principles is found in Validathn of Compendiol Pmcedures (1225). 


7.4.1 LIMIT OF DETECTION AND LIMIT OF QUANTITATION 


The iower limit of detection may be expressed as: 


LLD=z 


3.3*CS£ 


3.3,C | 


[28] 


with representing the net count ratę at the concentration, C; l b as the count ratę of the background; and as the back- 
ground measurement time. It is noteworthy that the detection limit will improve with the square root of the measuring time. 

The limit of ąuantitation can be estimated by caleulating the standard deviation of NLT $ix replicate measurements of a 
blank and multiplying by 10. Other suitable approaches may be used (see (1225)). 


7.4.2 LONG-TERM STABILITY AND DRIFT CORRECTION 


Under standard operating conditions, instrumental drift of X-ray spectrometers is less than 1% relative and can be as smali 
as 0.1% relative for high-end instrumentation in welknaintained laboratories over the same time period. To monitor instru¬ 
ment drift, one or morę stable sample(s) with reasonable irtensities (to minimize the CSE) for the analytes of interest can be 
measured on a regular basis. It is not necessary to use in-type drift correction samples. It is common to use glassy samples and 
alloys. Most Instruments have drift correction routines wkhin the software, and because XRF is a very robust technique, it may 
only be necessary to utilize a drift-monitor once per month. However, it is recommended that most laboratories practice drift 
monitoring morę freguently. 
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7.4,3 ANALYSIS 

Once a method has been establłshed through the calibration procedurę, a sample analysis nriay be performed. It is essentlal 
to ensure that samples and standards are treated in exactly the same manner, This includes spęd men preparation and speci- 
men presentation to the instrument. 


7.4,4 CALCULATIONS AND REPORTING 


In the event that the free-pressed-pellet sample method is used (i.e., pressed without binder), the spectrometer results repre- 
sent finał sampie eon centra ti o n$ # and no further calculations are required, Similarfy, both loose powders (i.e., pure, fine materi- 
als) and undiluted Irguids measured in disposabfe sample containers require no further calculation and the spectrometer results 
represent finał sample concentrations, Any materiał that has been diluted, such as a liquid or pressed pełlet, will reguire addi- 
tional calculation. Most modern XRF instrumentation comes with software packages that include calculation funetrons that ac- 
commodate dilution factors and automatically back^calculate sample concentrations. For diluted, pressed-pellet samples, the 
reported units may be weight % or ppm. The actual units for the concentrations are of little importance, as long as care has 
been taken to work with the proper conversion factors. If a calibration for IEquid samples is setup to deltver results in pg/mL, 
the finał concentratron of a given element can be calculated in pg/g from the solution element concentration in pg/mL 
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<1 736) APPLICATIONS OF MASS SPECTROMETRY 

1. BNT8SODUOTON 

Mass spectrometry (MS) is an integral part of modern pharmaceutical research and development En academic, industriat, 
and clinical laboralories, Tracę analytical measurement (both qualitative and quantitative), specificalfy the demand for tracę- 
mixture analysis, has Encreased the need for this powerful tool. tn many cases, the analytical demands of trace-mlxture sam ple 
analysis has madę MS the method of choice for qualltative and quantitative assays for target analyfes such as proteins, pepti- 
des, drug substances, metabolites, impurities, and degradation products. Because of its analytical capabilides, MS has found 
widespread application in the pharmaceutical industry. Specifically wlthin the compendiat context, MS has been, or has the 
potential to be, applied to both qualitative (rdentification tests) and quantitative measurements (assays). 

For qualitative tests, MS-based methods can provide molecular mass information via the detection of the molecular ion or 
ions rdated to the molecular mass of the a na [y te as a first leve! or step of Identification. A variety of tnstrumenta! methods 
permit molecular mass determinations for a wide rangę of maferials, up to and induding large bfomolecules (e.g., proteins) 
and polymers. Along with the molecular mass information, MS also can provide unique structural information via the genera- 
tion of fragment ions. The diversity of fragmentation approaches available in modern MS allows structuraify slgnificant frag¬ 
mentation approaches for a wide variety of eompendially relevant materials (e.g v smali molecules and peptides). 

Molecular mass thus can become a surrogatefor confirmation or can even be used for the Identification of a targeted com- 
pound, particularly when used in conjunction with an authentic standard or a chromatographic method. Advanced studies 
that involve one or two morę dtmensions of mass analysis also can be used to obtain specific structural detail (fragment ions 
that correspond to structuially unique portions of the target molecule) or morę selectivky to enable powerful approaches for 
quantitation, Moreover, higher resolution methods that feature mass spectrometry and chromatography can routinely provide 
a benefit to the scientific community. 

Modern analytical MS includes a diverse rangę of avai!able instrumentation and experimental approaches. The specific mass 
spectrometer, and, of course, specific chemistries (Le v samole preparation, chromatography, and ionization) define the finał 
analytical procedurę. 


2. MASS SPECTKOMETEES 

The following sections descrlbe the principles of MS, induding the generał layout of modern MS instrumentation used in the 
pharmaceutical industry and the specific components (sample introduction, ionization, and mass analyzer). This section also 
includes a brief description of the operational modes of a mass spectrometer, focusing on fragmentation production and anal¬ 
ysis. 


2,1 Overview 

Analytical measurements that use MS gene rally involve the following processes: sarn ple preparation, chromatography or 
sampie introduction, ionization, and mass analysis and detection. The resulting output from the mass spectrometer is depfcted 
in a mass spectrum, a survey of ions madę in the ion source, and is represented In a graphic representation of mass-to-charge 
ratio (m/ż) versus intensity. 

Ions are separated by a property of mass such as m/z t where m is the mass of the ion and z is the number of charges on the 
Eon, The method by which ions are separated typically defines the mass spectrometer type. Regardless of type, the mass ana- 
lyzer separates ions according to the m/z. The mass analyzer continuously acquires data across a predefined rangę of masses to 
generale the resulting mass spectra, 

2.2 General Layout 

A generał layout of a mass spectrometer platform for pharmaceutical analysis is shown in Figurę 7, Samples are prepared via 
a procedurę defined for the specific sampie and analyte. The resulting sampie then is injected Ento the mass spectrometer via a 
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chromatographrc system such as high-performanee liquid chromatography {HPLC} or gas chromatography (GC) or via direct 
mjection. From the inlet, the discrete analytes are ionized for subsequent analysis by the mass spectrometer. Ali mass spec- 
trometers require four components: 

1. Sample introduction technique 

2. An lonization source Lo charge the analyte 

A mass anafyzer to separate the analytes on a mass/charge (m/z) scalę 
4, A detectorto measure the ions. 

Separation Oetection Mass Spectrometric Analysis 



HPLC UV 


Tandem 

Mass Spectrometer 


Figurę 1. General MS system. HPLC = high-performance liquid chromatography; UV = ultraviolet deteotor. (Courtesy of Mile- 

stone Development 5ervites, Mewtown, PA) 

MS can be categorized by the dimenstons of mass analysis: single-stage mass spectrometers, hybrid or tandem mass spec¬ 
trometers (MS/MS), and multiple stages of mass analysis (MS n ). These mass spectrometer formats are described in this section. 


2-2-1 SINGLE-STAGE MS 


A single-stage mass spectrometer provides one dimension of mass analysis. As shown in the schematic in Figurę 2, a single 
mass spectrometer can be viewed srmply as providing a survey of all ions generated in the ion source. For example, if a 10- 
component mixture is injected into a chromatograph and each component is separated with adequate resolution, then the 
mass spectrometer would provide discrete measurement of mass-to-charge of each of the 10 components. The resulting mass 
spectrum of each component is generated for subsequent interpretatlon and assignment of molecular mass. 


Q1 



Figurę 2. One-dimensional MS scan. Q1 = single-stage mass spectrometer or a single stage of analysis. (Courtesy of Mile- 

stone Development $ervtces, Newtown, PA) 

2.2.2 TANDEM MASS SPECTROMETRY (MS/MS) 


A system capable of carrying out two sequential m/z analysis events (i.e,, a tandem mass spectrometer) provides increased 
selectivity for detailed structure elucidation or quantitatlve analysis. 
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2*23 MU LII PLE STAGES (MS") 

A unique feature of some MS formats is the capability to perform multiple stages of MS and to generate further fragment 
Information. These mass spectrometers are capabfe of isolating an ion of interesl, indudng fragmentation, isolating a specific 
product ion and then repeating this process on the resulting or selected product ion, 

23 Sample Introduction 

Several approaches can be used to introduce the sample into the mass spectrometer. The direct, infusion, and chromato- 
graphic procedures are described in this section. 


23,1 DIRECT INTRODUCTION 

For some sample types and applications, a direct insertion probe is used to introduce the sample into the mass spectrome¬ 
ter. The sample, usually a pure compound or relatively pure compound, is disso!ved in an appropriate $olvenL A smali amount 
of the sample (typieally 1 pL or less) is deposited onto the probe. Typically, the probe consists of a metal filament, such as 
platinum, located at Its tip. The metal filament is heated, and the sample is desorbed into the ion source of the mass spectrom¬ 
eter. The probe then is removed from the mass spectrometer and is prepared for the next sample. 

2*3.2 INFUSION INTRODUCTION 

Sample introduction via infusion typically is done to provide a relatively long analysis time or perhaps to conduct a quick 
survey of a sample. Infusion introduction also can be done when analysts optimize the instrumental conditions (source and 
mass spectrometer operational parameters) for a specific analyte as well as to obtain greater numbers of spectra. This sample 
introduction method may require morę sample than conventiona! flow rates. However, infusion sample introduction is widely 
practiced for nanospray ionization applications for the analysis of proteins and peptides as well as during specialized nanospray 
applications with smali molecules in drug metabolism to determine structure or equimolar response ratios, 

2*33 CHROMATOGRAPH1C INTRODUCTION 

The use of chromatography methods for sample introduction into the mass spectrometer is perhaps the most common ap- 
proach. 

2.33.1 Gas chromatography: GC procedures are preferred for nonpolar, volatile analytes (see Chromatography (621 )* Sam- 
pies contained in solvent are injected onto the injection port of the GG. The sample rs volatilized, and a nonreactive, inert gas 
such as helium carries the sample through the GC column, which is contained in a temperature-controłled oven. The combi- 
nation of carrier gas and heat moves the analyte through the column. Capillary GC columns are commonly used in pharma- 
ceutical applications. Mofecules separate within the capiflary column and are introduced directly into the ion source of the 
mass spectrometer, 

233.2 High-performance liquid chromatography: A popular approach for sample introduction into the mass spectrome¬ 
ter involves HPLC (see (621)). HPLC procedures are preferred for nonvolatile and thermally fabile analytes, but are suitable for 
use with any analyte that is readily ionizable in a solution environment with the appropriate Chemical modifiers. Sampies are 
prepared in solution and then injected onto the HPLC column. Analytes are separated based on the partitioning between the 
mobile phase and stationary phase and are introduced into the ion source of the mass spectrometer. The effiuent is volatllized 
in the ion source and ionization occurs. The subsequent ions then are introduced into the mass spectrometer for analysis. 
2333 Capillary electrophoresis: Capilfary electrophoresis (CE), also called capillary zonę electrophoresis (CZE), is a separa- 
tton method that exploits subtle dtfferences in the ionic composition of analytes to separate them based on electrophoretic 
mobil i ty in a conductive Iiquid. Details regarding the principles and use of this methodology can be found in Capifiary Electro¬ 
phoresis (1053). During the past 15 years this separation method penodicaNy has been used with MS as an alternative to LC- 
MS for certain classes of compounds, However, with the widespread use of HPLC in anafyttcal and MS laboratories, CE-coupled 
MS methods often are superseded by LC-MS methods. 

2.4 Ion Polarity 

Ionization involves the process of converting the analyte into the gas phase and deposlting a charge onto the molecule, The 
finaf charge of the analyte determfnes the ion polarity to be used in the mass analysis* General ly, selection of the ionization 
modę depends on the abifity of the desired analyte to accept or lose a proton during the ionization process. MS can be per- 
formed in the positive or negatiye ion polarity modę. 
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2.4.1 POSriWE ION MODĘ 

Many MS pharmaceutical analyses use the posItive ion modę. For example, compounds that contain a basie functionat 
group such as an aminę (e.g., proteins and peptides) are exceilent candidates for MS analyses in the positive ion modę be- 
cause under addic conditions these compounds readiiy accept a proton to form positively charged ions. 

2.4.2 NECATWE ION MODĘ 

The negatjve ion modę is well suited for compounds that can easily lose a proton. Compounds that contain a carboxyfic 
add, phosphate, or a sugar, for example, are good candidates for negative ion MS. 

2.5 lonization Procedures 

A vartety of lonization procedures can be used with a mass spectrometer for pharmaceutical analysis, The various ionization 
procedures are described in thfs section. 

2.5.1 ELECTRON IONIZATION 

Electron ionization (El) is used mostly with GC applications when the analytes of interest are nonpolar and are easity vofatil- 
tzed. Mass spectra produced by El procedures are characterized by extensive fragmentation. Because El typicalfy produces ex- 
tensive fragmentation, El is considered a hard-ionization modę. Mass spectra are obtained when a 70 eV electron beam enters 
the source and impacts the analyte molecules present in the gas phase: 

M +e~-> M + + 2e- 

Nearly alf El applications are conducted in the positive ion modę. These spectra are htghly reproducible, Thus, El spectral 
Itbraries can be used to determine the structure and to confirm the identity of unknown compounds. Additionally, fragmenta¬ 
tion patterns have been extensively studied for electron ionization and can help determine structure of unknown compounds. 

2.5.2 CHEMICAL IONIZATION 

Chemical ionization (Cl) procedures rely on electron ionization of reagent ions such as methane, ammonia, or isobutene. 
The reagent ions react with the analyte molecules (ion-moiecuie reaction) in the source of the mass spectrometer. In the posi- 
tive Eon modę, analyte molecules are ionized via proton transfer and/or adduct formation, produetng even etectron moiecular 
ion spedes or adduct ions, Depending on the analyte, both positive and negative ion spectra can be obtained with Cl proce¬ 
dures. Cl is considered a softer ionization (less fragmentation of the moiecular ions) modę than El although some approaehes 
can induce fragmentation depending on the Cl gas chosea and the structure of the analyte molecuie, Cl is very usefuf for reac- 
tive and unstable compounds where a moiecular mass determination is deslred. Representative Cl ionization reactions for both 
GC-M5 and LC-M5 methods foltow. 

Protonated molecuie formation (GC-MS example): 

CH^ + e- —> CH 4 + + 2e~ 

CH 4 * + CH 4 —► CH 5 + + CH 3 
CH 3 + + CH 4 —> C 2 H 5 + + H 2 
M + C 2 H 5 + hk [M + H] + + C 2 H 4 

Protonated molecuie formation (LC-MS example): 

M + NH 3 ł[M + H] ł 

Adduct ion formation (LC-MS exampie): 

M + NH 4 + [M + NHJ + 

2.5.3 ATMOSPHERIC PRESSURE IONIZATION 

Atmospheric pressure ionization (API) procedures allow the direct introduetfon of sampfes into the mass spectrometer from a 
liquid interface such as an HPLC. The two most common forms of API used in pharmaceutical analyses are electrospray ioniza- 
tion (ESI) and atmospheric pressure Chemical lonization (APCI). 

2.53.1 Electrospray ionization: ESI is a method that produces fine charged droplets of a ltquid phase that carries the ana- 
lyte of interest. The liguid phase typically is a volatile combinatton of water and organie solvent (e.g., acetonitriie or methanol). 
A smali percentage of a reagent (e.g., 0.1% formie add) also is included to inerease the conductIvity of the solution, ESI typi¬ 
cally is used with HPLC and involves the nebulization of the sampie delivered at flow rates that rangę from nL/min to ml/min 
to produce a fine spray of droplets (radius = 0.5-1.0 pm). Solvent evaporation results in an inereased charge concentration at 
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the droplet surface untll ions are Irberated directly from the droplet. lons are transported or focused directly into the mass 
spectrometer, and the resulting spectra contarn ions that are typically indicative of the molecular mass of the anafyte. 

ESI often is referred to as a soft-ionization procedurę because typically it does not result in fragmentation of the anaiyte dur- 
ing the ionization process. The devefopment of this ionization technology was crucial for the analysis of large biopotymers 
{e.g., proteins) because it allows the addition of multiple charges to a single molecule, thus bringing the m/z of the anaiyte 
into a suitable mlz rangę for many types of mass analyzers. For example. Figurę 3 shows the ESI charge State distribution for 
eguine heart apomyoglobrn as analyzed on a simpie single quadrupole instrument with an upper scan limit of m/z 2000. The 
series of multiply charged ions allows the spectrum to be eollected wrthin the instrumentu working m/z rangę. The ability to 
calculate the intact mass of the protein from a combination of all the charge States allows a morę accurate average mass (see 
inset tn Figurę 3 ) to be determined (within 0.1% on a simple quadrupole instrument). Thus ESI methods are critically important 
for the analysis of large biomoiecules. 
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Figurę 3. Electrospray ionization mass spectrum for eąuine heart apomyoglobin. 
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2.53.2 Atmospheric pressure Chemical ionization: APCI procedures are used with HPLC and involve the nebulization and 
heating of the sampie to libera te neutral molecułes. A corona discharge produces reagent ions (e.g., H*0 + or NH/) from the 
mobile phase. The reagent ions react with anaiyte mofecules via proton transfer or adduct formation. The resulting positive fon 
spectrum typically contains [M + H] # ions that are indicative of molecular mass and fragment ions that eorrespond to unique 
substructure(s) of the anaiyte molecule. Negative ion spectra are generated when reagent ions (e.g., OH- or CH 5 COG-) react 
with the anaiyte molecule to produce [M - H]- ions. 


2.5.4 MATRIX-ASSiSTED LASER DESORPTION lONIZATfON 

Matrix*assisted laser desorption ionization (MALDI) is a soft-ionization procedurę used primarily for blomolecules that relies 
on the addition of a Chemical matrix dried with the anaiyte of interest, This matrix compound can absorb laser energy at a 
particular wavelength during the laser abfatron process. By a mechanism that has not been fully elucidated, some of the ions 
generated in the matrix can transfer protons to the anaiyte, and the resulting gas-phase ions are focused into the mass spec* 
trometer. Spedfic matrices have been empmcally developed for various ciasses of analytes, induding 3,5-dimethoxy-4-hydrox- 
ydnnamic acid (sinapinic acid) and a-cyano-4-hydroxycinnamic acid for proteins and peptides and picolinic acid for oligonu- 
cieotides. Unlike ESI, MALDI typicafly produces iower charge-state ions, with singly charged ions being the most favorable. 


2.53 AMBIENT IONIZATION PROCEDURES 

Ambient ionization generally refers to a coflection of MS procedures that permit direct sampling and interrogation of analy- 
tes from sampie matrices or surfaces under ambient conditions with little or no pretreatment. In recent years, the number and 
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type of ambient ionization procedures have rapidfy expanded, This is evident from the proliferation in recent literaturę of acro- 
nyms that represent various ambient ionization procedures. Ambient ionization has enjoyed broad application in fields that 
include forensics; food safety; monitoring of environmental contaminants; poiymers; fuets; detection of exp!osives and drugs 
of abuse; molecular imaging of surfaces and tissues; profiling and characterization of metabolitem proteins, and biomofecutes; 
as well as monitoring of Chemical reactions and processes, 

Ambient ionization procedures typicalfy produce analyte ions directly from sampie surfaces or reguire initial production of 
analytes that subseąuentJy are ionized by any of several processes. Therefore, ambient ionization procedures can be broadfy 
categorized as representing either direct or multistage ionization mechanisms. Direct ionization procedures generate analyte 
ions from a sampie solution or dropiet in an electric field, or desorb analyte ions by impinging a sampie surfate with charged 
droplets or solvent ions, photons, or metastable atoms. Multistage ionization procedures initially produce analyte particie or 
droplets with a liquid or gas stream, thermal desorption, irradiation or ablation with a laser, or nebuiization. Analytes subse- 
guently react with a charged species or with metastable atoms generated by ESI, APCI, or photoionization to produce analyte 
ions. 

Tobie 1 is a representative, but not comprehensive, listing of ambient ionization procedures and illustrates the diversity and 
similarity among various approaches. 


Table 1. Ambient fonkation Procedures 


Acronym 

Deser ipt Eon 

Mechanisms 

APGDDI 

Atmospheric pressure gtow discharge 
desorption ionization 

Thermal desorption, gas discharge 
ionization 

APPeP 

Atmospheric pressure Penning ionization 

Si mi lar to APCI 

AP-TD/ESF 

Atmospheric pressure thermal desorption/eiectrospray ioni¬ 
zation 

Thermal desorption, ESI 

ASAP- 

Atmospheric pressure solids anaiysis prohe 

Thermal desorption 

DARCI 

Desorption atmospheric pressure Chemical 
ronization 

Thermal desorption, APCI 

DAPPI* 

Desorption atmospheric pressure photoionization 

Thermal desorption, photoionization 

DA ftP 

Direct anaiysis in real time 

Cas discharge 
ionization 

DBDI 

Dlelectric ba mer 
discharge ionization 

Thermal desorption, gas discharge 
ionization 

DC BI 

Desorption corona beam ionization 

Thermal desorption, APG 

DE5I 

Desorption eiectrospray ionization 

Similar to ESI 

EADE5J 

Electrode-assisted 
desorption eiectrospray 
ionization 

Slmilar to ESI 

EASI 

Easy ambient sonie spray ionization 

Su personie spray 
ionization 

EE5P 

Extractive eiectrospray ionization 

Si mi lar to ESI 

ELDI a 

Electrospray laser 
desorption ionization 

Laser desorption or ablation, ESI 

ED-ESP 

Fused dropiet 
eiectrospray ionization 

Similar to ESI 

IR—LADESl a 

Infrared laser-assisted 
desorption eiectrospray 
ionization 

Laser desorption or ablation, ESI 

LAESP 

Laser ablation 
eiectrospray ionization 

Laser desorption or ablation, ESI 

LD-APCP 

Laser desorption atmospheric pressure Chemical ionization 

Laser desorption, APCI 

LD-ESP 

Laser desorption eiectrospray ionization 

Laser desorption, ESI 

LDSPP 

Laser desorption spray postionization 

Laser desorption or ablation 

LDTD a 

Laser diodę thermal 
desorption 

Thermal desorption 

LEMS a 

Laser eiectrospray mass 
spectrometry 

Laser desorption or ablation 

LEW 

Uquid extractlon surface anaiysis 

Similar to ESI, surface extract!on with 
sotv«nt dropiet 

llAD-ESi fl 

Laser-induced acoustic desorption eiectrospray ionization 

laser desorption or ablation, similar to ESI 

LPI-MS* 

Liquid surface Penning ionization mass 
spectrometry 

Similar to APCI 


Multistage ionization procedurę. 
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Table 1. Ambient Ionization Procedures (CofftffK/gdJ 


Acronym 

Description 

Mechanlstro 

LSI 

laser spray ionization 

Laser desorption or ablation 

MALDESF 

Mstrix-asslsted laser 
desorption electrospray 

Ionization 

Laser desorption or ablation 

PADI 

Plasma-assisted desorption 
ionization 

Thermal desorption, gas discharge 
ionization 

SESI J 

Secondary electrospray ionization 

Similar to ESI 

TDAMS J 

Thermal desorption based ambient mass spectrometry 

Thermal desorption 

TD/APCI a 

Thermal desorption/ 
atmospheiic pressure Chemical ionization 

Thermal desorption, stmilar to APCI 


J Multlstage ionization procedurę 


3. MASS ANALYSIS 

The method by which ions are separated typically defines the mass spectrometer type, Essentially, the mass analyzer is re- 
sponsible for filtering the ions generated during the ionization process. The various mass analyzers that typically are used in 
the pharmaceutical industry are described in this section. 

3.1 Quadrupole 

A guadrupoie mass spectrometer consists of a set of four parallel rods, When a combination of constant (DC) and alternating 
(AC) voltage are applied to the opposrng rods respectively, the resulting electric fields allow ions of a specific m/z to stabfy 
transit the quadrupie and to pass through to the detector. Quadrupole mass spectrometers are relatively low-cost Instruments 
and provrde good qualitative and quantitatrve analytical capabilities. Generally, guadrupoie mass spectrometers are limited Lo 
production of low-resolution mass spectra. 

3.2 Magnetic Sector 

A magnetic sector mass spectrometer filters ions by the means of the Application of a magnetic field. The magnetic field is 
varied, and ions are deflected to follow a curved path so that ions with different m/z ratios are separated. 

33 lon Traps and łon Cyclotron Resonance 

Most commercial mass spectrometers fali broadly into two categories: those that refy on continuous beams of ions being 
sent to a detector for sequential m/z detection (like cars on a hfghway driving from point A to point B), and those devices that 
"trap'' ions in discrete, repeating orbits (like cars on a race track). The latter devrces are broadly referred to as ton traps. The 
orbitaI paths are complex and unique to each device. The ions can be trapped by static electric fields (DC voltage), dynamie 
guadrupoie electric fields [radio freguency (RF) AC voltage], magnetic fields, orsome combination of the types. Detection of 
the ions may take place by sequential ion ejection (after trapping, by mlz) or by detection of all ions simultaneousfy [while 
trapped, l.e., by image current detection and sub$equent Fourier transformation (FT) of the data], Examples include the popu¬ 
lar linear and 3D ion trap MS Systems (RF AC voltage only with ion ejection for detection), the FT Orbital Trapping MS (which 
uses DC voltage and a quadrupole field for trapping, with image current detection), and the less common FT Ion Cyclotron 
Resonance MS (which uses a superconducting magnet to provide the primary trapping field), The FT devices generally provide 
very high mass resolution (e.g., 10 S -T0 6 at m/z 400) at reasonable scan speeds (1 Hz), and the RF-based devices generally offer 
fast scan rates (0,1 Hz) but lower resolution (10*). Lastfy, the most popular FT equipment is now hybrtdized with a quadrupole 
RF device (especiaJly the linear trap) to yield instmmentation with multiplexed experiment capabilities (muitiple seguential 
MS-MS experiments with accurate m/z determinations for structure eluddation), 

33.1 TtME-OF-FUGHT 

A time-of4ltght (TOF) mass spectrometer uses differences in transit time through a field-free drift region to separate ions. 

Ions generated in the ion source are putsed into the fiefd-free drift region (flight tubę) by an electric field, Ughter ions have a 
higher velocity and reach the detector sooner. The TOF mass spectrometer has benefited significantly from the use of fast elec- 
tronres and fast computers to provide systems characterized by high speed, high $en$itivity, and high resolution. 
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4. MS/MS AND MS* SPECTROMETRY INSTRUMENT ATION 

A wide variety of tandem MS instruments are available to the pharmaceutieal research and development community. Each 
of the tandem Instruments has some unique features that make it partitularly suited for some specific applkations, but this 
does not predude the use of other tandem Instruments to meet a specific analytical need. The appropriate seiection of a tan¬ 
dem instrument that is suitable to meet a specific need depends on the type of analysis reguired (e.g., quantitation or structur- 
al elucidation), a variety of sample-specific factors (e.g., anatyte concentration or the complexity of the matrix), and whether 
sampfe fractionation is rncorporated before the introduction in the mass spectrometer (e.g., by LG-MS). A bhef summary of 
some of the common types of tandem Instruments foliowa, highllghting some of the typical applkations. 

4.1 MS/MS and MS” Spectrometers 

4,1.1 TRI PLE CJUADRUPOLE 


The triple quadrupole mass spectrometer is used for both qualltative and quantitative analysis. A triple quadrupole mass 
spectrometer features a first stage of mass analysis (Q1) for the seiection of a precursor ion, followed by an RF-only collision 
guadrupole region (Q2), A second stage of mass analysis (Q3) is used for product ion analysis. Most quantitative LC-MS-based 
analyses feature the use of triple quadrupole mass spectrometers. Furthermore, the triple guadrupole mass spectrometer is ca- 
pable of providing all the most common qualitative scan modes: fuli scan, product ion, precursor ion, and neutral loss (see 
Figurę 4 and 4.2 MS/MS ond MS n Spectrometry Operationai Modes). 
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D. Neutral Loss Scan 

Figurę 4. Triple quadrupole MS. (A) Fuli scan —Q1 seans the ions produced in the ion source. This scan also can be conducted 
with Q3. (B) Product ion scan —Q1 is set to select a spedfit molecular ion produced In the ion source. Fragmentation of the 
ion(s) seiected in Q1 occurs in the coilision celi (Q2). Q3 seans the resulting fragments. The product ion spectrum contains all 
the fragments of the seiected precursor lon(s). (C) Precursor ion scan— Q1 seans the ions produced in the Eon source. Ions frag¬ 
ment in the coilision celi (Q2). Q3 is set to select a specific product jon (derived from the product ion spectrum). The scan 
results In a spectrum that contains all precursor ions that generate the specific product Ion. (D) Neutral loss scan —Q1 seans the 
ions produced in the ion source, and ions fragment in the coilision celi (Q2). Q3 also seans, but at a dlfferenee in mass equal 
to a seiected neutral loss (as derived from the product Ion spectrum). The scan results in a spectrum that contains all molecular 
rons that generate a specific neutral loss fragment. (Courtesy of Mllestone DeveJopment 5ervices, Newtown, PA) 

4.1.2 TOF-TOF SYSTEM 

A tandem configuration for TOF systems typically is used for the characterization and sequendng of peptides and other bio- 
molecules from fairly simple mixtures (e.g., proteolytic digestion of a single-protetn therapeutic). These systems often are ton- 
figured for ionization by MALDI, whlch allows pepfide sequence confirmation without the need for an initial separation. The 
relative ease of use of soch Instruments and the robust fragmentation data collected for confirmation of peptides may allow 
TOF-TOF Instruments to be used for monograph Identification testing in the futurę. 

4.1.3 MAGNETIC SECTOR 


Tandem configurafions for magnetlc sector instruments traditionally have been used for analyses that require high resolutlon 
and mass accuracy, such as structural elucidation of unknowns, However, because of greater resolutlon and mass accuracy be- 
coming available in other tandem MS platforms {e.g., Ion traps and quad-TOF devices), magnetlc sector instruments are now 
less commonfy used for these purposes. 

4.1 .4 ION TRAP 

The tandem configuration for ion trap systems allows the isolatlon and fragmentation of ions in a time-dependent manner, 
unlike other tandem Instruments that have spatially distinct mass analyzers in the path of the ion beam. One advantage of the 
trap-isoiate-fragment-detect mechanism in an ion-trap instrument is the ability to re-isolate product ions from the initial pre¬ 
cursor ions for further fragmentation, This seguential fragmentation allows morę detailed structural determination to assist in 
eluddatrng structural unknowns. For protein and peptide appficatrons, ion-trap instruments have been widefy used to identrfy 
and sequence peptides and to charactenze protein modifications (e.g„ phosphorylation and glycosylation). 

4.1.5 FOURIER-TRANSFORM ION CYCLOTRON RESONANCE 


Fourier-transform ion cyclotron resonance (FT—ICR) mass spectrometers, like ion traps, facilitate a time-dependent isofation 
of ions, FT-iCR mass analyzers offer high resolution (typically 10MO) and can achteve sub-ppm mass accuracy, whlch permits 
determination of accurate mass and elemental composition for unknown compounds with a high degree of certainty, Ions can 
be seiectively excited or ejected from the ICR celi by generation of a waveform that contains resonant freguencies of the rnfz 
values of the ions of interest. Several fragmentation procedures are available for achieving the structural characterization of 
smali and large molecules with FT-ICR MS, including collfston-induced dissodation (CD), electron capture dissodation (ECD), 
and infrared multiphoton dissodation (IRMPD). Some commercial FT-ICR MS systems use a tandem ion trap to isolate and 
fragment precursor ions, the product ions of which are subsequently transferred to the ICR celi for detection or addrtional frag¬ 
mentation by other procedures. The high resolution and mass accuracy of FT-iCR M5 make this instrument particularly wdl 
suited for the structural characterization of components that compnse htghfy complex mixtures of smali and large organie 
molecules, FT-ICR MS also has been widefy used In the characterization of lipids and carbohydrates and in the characterization 
and sequendng of peptides and proteins, including examination of unique features such as post-translational modifications. 
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4.1.6 HYBRIDS 

A variety of hybrid tandem mass spectrometers have emerged to either enhance specific applications or fo broaden the 
overall utifity of the instrument in a variety of applications. Currently the most common hybrid instrument used for pharma- 
ceutical characterization is the quadrupole TOF (Quad-TOF) MS, whtch comblnes the scanning speed of a quadrupole mass 
filter with the resolving power and mass accuracy of the TOF mass analyzer, This combi nation is well suited for structural elud- 
dation because the improved resolution and mass accuracy of the TOF (by comparison with a quadrupoie) aliow a greater 
degree of certainty in determining the probable elemental makeup of both the precursor and product ions. In addition, the 
use of a guadrupole mass filter in this tandem configuratton allows scanning functions Itke those outlined for a triple-quadru- 
pole instrument (Figurę 4), although additional postprocessing of the data is reguired. An increasing number of hybrid configu 
ratrons have been marketed to take advantage of the unique feature of the combinations for resolution, mass accuracy, and 
quantitation. Same of these configurations include Quadmpole-Trap, Trap-TOF, Trap-IRC, and orbital trapping mass spec- 
trometers. 


4.2 MS/MS and MS' Spectrometry Operational Modes 

4,2,1 FRAGMENTATION PRODUCTIOIM MODES 

Collisron-lnduted Dissociation (CID) or Collisionally Activated Dissociation (CAD) rs the process by which a seleeted precur¬ 
sor ion undergoes collfolons with neutral gas molecules in a collision region to yield product ions. Fragmentation occurs at rela- 
tively Iow energies (1-100 eV) primarily at the site(s) of ionization to yield a fragment ion and a neutral molecule. Nitrogen, 
argon, or helium typically is used as the collision gas with collision energies in the 10-50 eV rangę, 

Electron Capture Dissociation (ECD) and Electron Transfer Dissociation (ETD) are two distmct but refated fragmentation 
methods used primarily to fragment proteins and peptides to generate c- and z-type ions that are useful for determining pro¬ 
tein sequence and characterization of protein modifications. The fragmentation in each case relies on the introduction of either 
a free electron (ECD) or a radical anion (ETD) into the gas phase of positively charged molecules to induce Chemical fragmen- 
tation. The advantage of these methods for proteins and peptides versus CID is that the Chemical fragmentation occurs almost 
exclusively along the peptide backbone, thereby presemng the position and context of protein modification that often are lost 
during CID, 


4.2.2 FRAGMENTATION ANALYSIS MODES 

The most common MS/MS scan modes are described in this section. 

4.2.2.1 Product ion: The product ion scan modę is illustrated m Figurę 4B for a triple-guadropole (QQQ) instrument. Applica¬ 
tion of the product ion scan modę is performed when the first mass analyzer (Q1) is held at a specific m/z . This ion, typically 
the protonated molecule, [M + H] + , is fragmented in the collision celi (Q2). The second mass analyzer (Q3) seans the resulting 
product ions. For a trapping device such as an ion trap mass spectrometer, ions of a specific m/z are isoiated and are cotllslon- 
ally activated, followed by scanning of the product ions. In either case, the resulting product ions' M5-M5 spectrum contains 
the diagnostic fragment ions indicative of the characteristic substructures of the seleeted analyte, This scan modę reguires that 
a fuli scan mass spectrum be obtained before the product ion experiment to determine the appropriate selection of the molec¬ 
ular ion (typically [M + H] + )« The product ion scan modę is available in all mass spectrometers capable of MS-MS operation, 

4.2.2.2 Precursor ion: The precursor ion scan modę is illustrated in Figurę 4C Application of the precursor ion scan modę is 
performed when the first mass analyzer (Q1) is scanned and allows all ions created in the ion source to pass into the collision 
celi (Q2), The second mass analyzer (Q3) is held at a specific m/z ratio that corresponds to a diagnostic or unique fragment 
ion of the molecule or class of molecules, The resulting precursor ion MS-M5 spectrum contains all molecular ions that contain 
a diagnostic fragment ion. The precursor ion scan modę requires that the product ion experiment be performed to confirm 
the diagnostic fragment ion(s). This scan modę can be used to screen for molecules that contain a specific substruetural fea¬ 
ture such as a peptide residue. The precursor ion scan modę is avai!ab!e on tripfe-quadrupole, magnetic sector, and some hy- 
brld instrumentation. 

4.2.2.B Neutral loss: The neutral loss scan modę is illustrated in Figurę 4D. Application of the neutral los s scan modę is per¬ 
formed when both mass analyzers (Q! and Q3) are scanned at the same ratę. The second mass analyzer (Q3) is offset (iower) 
from the first by a constant m/z drfference. Molecular ions enter Q1 and fragment in the collision celi (Q2), and the resulting 
fragment ions are detected after passage through Q3, Because of the offset scan function described above, the resulting spec¬ 
trum presents all molecular ions that have undergone the seleeted neutral loss, This scan modę also requtres that the product 
ion scan be performed to conftrm the diagnostic neutral loss(es), Like the precursor ion scan modę, this scan modę is used to 
screen for molecules with a diagnostic structural feature such as phosphate or glucuronide conjugation. The neutral loss ion 
scan modę is avaiiable on triple-quadrupołe, magnette sector, and some hybrid instrumentation. 

4,2.2.4 MS": The MS n aeguisition modę is essentially a sequential application of the product ion scan discussed in 4.2.2.1 
Product ion , That is, it is used to further fragment product ions from a previous product ion experiment. Thus it can be utilized 
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to obtain additional structural information for identification of analytes. This acguisition modę typically is availab!e only on ion 
trap or FT-ICR Instruments, 


5* QUALITATIVE ANALYSIS 

MS is a powerful method and important tool for structure Identification because of its ability to provide Information about 
the mass, elemental tomposition, and structural features of known and unknown molecular entities. In its simpfest terms, an 
MS separates and mass-measures ions related to the sampfe. A mass spectrometer separates, detects, and records the presence 
of ions, not neutral molecules. For the purposes of small-molecule organie MS, the charge stale (z) typically is 1. 

A wide rangę of mass spectrometers and ionization interfaces are available for specific types of MS measurements. Thus a 
diverse rangę of experimental approaches can be employed for any given MS measurement needed. Some of the morę com- 
mon and applicable approaches are presented in this section. The appropriateness of a given MS experimental approach is 
demonstrated by the respectjve vafidation data provided in the submission supporting a new monograph or monograph pro¬ 
cedurę. 


5 J The Mass Spectrum 

The mass spectrum typically is displayed as a plot of mfz on the abscissa versus ion Intenslty as the ordinate and frequently is 
normaiized to the most intense ion in the spectrum. Some characteristicfeatures in a typical full-scan mass spectrum include 
(depending on ionization procedurę) the molecular ion (e.g., M-), protonated or deprotonated molecules ([M + H]- or [M - 
H] ), or adduct ions (e.g., [M + NHJ+), all of which are indicative of the molecular mass of the analyte. Mass spectra may be 
morę or less complex, depending on the specific analyte(s) and ions detected. El mass spectra typically are rich in fragment 
ions, but API and soft-ionization procedures may produce spectra that are sparse in fragment ions but oflen feature morę 
prominent or base peak ions that are indkative of MW. Therefore, the interpretation of mass spectra may be morę or less 
strajghtforward. Typically, the availability of any supporting information about the sample (e.g., origin, history, preparation, 
stability, solubility) can greatly assist with interpretation. Two primary considerations merit initlal discussion because of their 
importance in the interpretation of mass spectra: resolution and mass accuracy. 

5.1.1 MASS RESOLUTION 

In MS, resolutlon is the extent to which two ions of adjacent mfz can be distlnguished from each other, and has been ex- 
pressed in different ways. Two adjacent peaks in a spectrum at values m and m - drr? may be separated by a valley, which at its 
lowest point is a specified maximum amount of overlap between the peaks. The resolution would be expressed as mf Am. For 
exampłe, the term "10% valley" describes a 10% amount of ovedap between two peaks and is approprrate when the peaks 
are of equal height and shape. In practice, however, adjacent peaks of equal height and shape are rarely observed. Therefore, 
resolution also can be calculated by using the apparent width of a single peak at a given point in mass rangę as Am, and it 
often is expressed as the measured width of a peak at half-height (full-width half-height maximum, or FWHM), Resolution is an 
important factor in establishing mass accuracy, evaluating isotope patterns and abundance, determining charge State of mutth 
ply charged ions, and distinguishing nominally isobaric interferences. 

Nominał mass spectrometers instruments typically provide mass resolution on the order of 1000, whereas for high-resolu- 
tion mass spectrometry (HRMS) this can rangę from 5000 to 1,000,000. lmproved resolution includes the abiiity to separate 
and distinguish isobaric interferences (analytes with the same nominał mass but with different empirical formulae) and to minę 
complex data sets morę efficientfy (using inereased specificity). 

5. 1.1.1 Nominał resolution: A number of different types of mass spectrometers are capable of generating nominał resolu¬ 
tion mass spectra. Probabfy the most common mass spectrometer employed for nominał mass resolution work is the quadru- 
pole mass spectrometer. In a guadrupole mass spectrometer, ions pass through a set of four rods such that opposing rods 
ramp through RF or DC, effectiveiy scanning through the desired m/z rangę and allowing only a single mfz to pass at any 
glven instant. The net effect ts to obtain nominał mass resolution (e.g., mfz 400 can be reliabły distlnguished from mfz 399 
and m/z 401) and to obtain a spectrum that can define monoisotopic mass and associated isotopic cluster (e.g,, A + 1 and A + 
2). With this type of mass spectrometer (nominał resolution), the primary Information obtained is an indication of the molecu¬ 
lar mass of the analyte and, depending on the experimental approach used (e.g,, El ionization), ion fragments related to the 
structure of the analyte. 

5.1.1.2 High resolution: HRMS has important advantages for the Identification of analytes, The various forms of this teehnol- 
ogy allow determinatlon of the mass of smali molecules to the third or fourth decimal place (i.e., approximatdy 0.1 to 10 ppm 
mass error), This provides an added degree of specificity (certainty) that, when eombmed with isotope ratio information and 
Chemical sense, results in eluddation of the analyte 1 ; empirical formula as a starting point for further analysis. Thus HRMS of- 
fers advantages compared to nominał MS, for which nominał mass is the starting point HRMS can be performed with a num- 
ber of different technologie;, including TOF-MS, as well as orbital-trapping MS and ion cyclotron resonance MS, where the 
latter two approaches utilize Fourier transformation to process the raw data. These systems have different advantage$, includ- 
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ing improved sensitlvity for fuli spectrum data collection (versus scanning Instruments like guadrupoles), as well as resolution, 
mass accuracy, and calcuJation of the isotopic ratio intensities. 

5*1.2 MASS ACCURACY 

Mass accuracy is the comparison of an experimentalfy determined m/z to the true m/z ratio. Mass accuracy is Influenced by 
a number of factors, induding mass resolution, signal abundanee, calibration type and algonthms, choice and number of cali* 
brants used, interferentes such as Chemical noise, and linear dynamie rangę inherent with a particular type of mass spectrome- 
ter. Mass accuracy may be expressed as miliimass unit (0.001 j i) differential or ppm. Mass accuracy, as ppm, is glven by the 
folfowmg: 

^^OCC “ ^fnił ” ^meoi 

ppm = {ńm Q Jm tr J * 10* 

= measured value 
m lrue - calculated or true mass 

Although resolution and accuracy may not be direetfy correlated, HRMS typically allows improved assignment of exact mass, 
In practice, high resolution and high mass accuracy are both necessary to minimlze error introduced into the mass measure- 
ment by isobaric interferences, Sufficientiy high resolution and mass accuracy together can facilitate assignment of elemental 
composition to ions in a mass spectrum, assisting with confirmation or eiucidation of structure, respectiyeiy, for known or un- 
known compounds. 

5.2 Interpretation of Mass Spectra 

When interpreting the mass spectra of unknown compounds, analysts typically can differentiate unknowns into two broad 
categories. 

Thefirst category, representing the sltuation morę commonly encountered, can be described as known unknowns or com¬ 
pounds for which supportiye information may be ayaiJable or can be determined by comparison with standards, related sub- 
stances, metabolitem synthetic impurities, or intermediates. In this case, the objective is verification of a compounds identity 
by demonstrating its consistency with a standard materia! by using predetermfned criteria. This objectlve often h achieved by 
the direct comparison of mass spectral features of an unkrown with either a concurrentfy analyzed standard or an arcfwed 
library standard mass spectrum generated with similar instrumentation and conditions. For high-resolution accurate mass spec- 
tra, confirmation of identity may include the yerification of elemental composition, Characteristic fragmentation patterns ob- 
tained under consistent conditions aiso can be used for the confirmation of identity by providing a fingerprint that indicates 
functional groups, substituents, and structural differences or modifications, The importance of chromatographic separation 
(i.e., demonstration of retention characteristics that are similar to a standard) also should be considered as part of an overalf 
Identification confirmation, The importance of chromatographic separation is particularly evident with the identiflcation of var- 
ious structural isomers or enantiomers for which MS alone may not provrde sufficient distinction. 

The second category comprises true unknowns or compounds for which no or very limked information about structure or 
background is available and presents the most complex cases for spectral interpretation. True unknowns are encountered less 
frequently and often necessitate the combination of multiple spectral procedures in order to achieve a complete structural elu- 
cidation. For true unknowns, any rdeyant information (e.g., origrn, preparation, matrix, sol ubił i ty, other compounds if the 
sam ple is a mixture) can ard interpretation. 

The first step in the interpretation of mass spectra is the determination of monoisotopic mass. This peak is htghiy dependent 
on the ionization procedurę employed, analytlcal conditions, and characteristics of the molecules from which the ions are 
formed. There are prominent differences between El and API mass spectra, which, for purpose of this discussion, generally re- 
sultfrom hard* and soft-ionization procedures, respectiyeiy. El forms primarity an odd-electron radical molecular cation, M + , 
and API and other soft-ionization procedures typically produce characteristic even-e!ectron protonated [M + H] + or deprotona- 
ted [M - H]- molecules, 

The Nitrogen Rule can be useful in identifying the molecular ion peak: it States that an odd-electron ion containmg either no 
nitrogen or an even number of nitrogen atoms wili be observed at even nominał mass and that an odd-electron ion with an 
odd number of nitrogen atoms will appear at odd nominał mass because nitrogen has an even integer mass (14) and an odd 
valence (3), This rule holds for all compounds that contaln carbon, hydrogen, oxygen, nitrogen, sulfur, and the haiogens, as 
well as phosphorous, boran, Silicon, sulfur, and alkaJine earth metałs, Applied to even-electron ions (e.g„ [M + MJ + or [M - 
H]-), the Nitrogen Rule States that an even-electron ion containing either no nitrogen or an even number of nitrogen atoms 
will be observed at odd nominał mass and that an even-electron ion with an odd number of nitrogen atoms will appear at 
even nominał mass. 

The formation of molecular adducts can assrst with determining and verifying mass in both positive and negatiye ionization 
modes. Some cornmon adducts observed in positwe ion mass spectra are [M + Nah [M + K] + , and [M + NH Ą Y adducts, Ad¬ 
ducts with other inorganic or organie cations, such as'U, Ag, Cs, H 2 0, acetonitnle, methanol, isopropanol, and smali organie 
protonated or guaternary amines, also can be generated, Adducts present In negatiye ion mass spectra include those formed 
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with Cl, Br, and formie or triflouoroacetic acid. Multiple adducts are not uncommon In either posftive or negative ionization 
modę mass spectra from API and other soft-ionization procedures and can incłude combinattons of protonated or deprolona- 
ted molecules accompanied by additional protons, multiple inorganic or organie cations, or anions. For some applications, it 
may be desirable to deliberately produce adducts by the modification of the sample solution, matrix, or mobile phase to in- 
duce charaetenstk fragmentation or to denote components in a mixture with common or uruque structura! features, Dimeric 
or polymeric analyte ions [2M + H]* or [2M - H]- may be observed respectiveiy in positive or negative ion API mass spectra, 
often with high analyte concentrations. Analogous dimeric adducts with Na, K, and other inorganic cations also can be formed 
and observed and can provide verification of the MW, OveraH, adduct formation and ultimately the presence of adduct ion 
peaks in mass spectra are highfy dependent on ionization procedurę, ionization source condftions, type of mass spectrometer 
or analyzer, sample matrix, mobile phase composition, and the analyte itselt 

The relative intensity of mass spectra! peaks can provide Information about molecular and ion structure, The most intense 
peak in a mass spectrum is referred to as the base peak and represents 100% re!ative abundance in normalized mass spectra. 

In El mass spectra, the base peak may or may not represent the molecular ion, However, with API and softer ionization proce¬ 
dures, [M + H] ł or [M - H]- often appear as a prominent peak in the mass spectrum. The relative fntensitles of peaks in El mass 
spectra, and to some extenf in API and other mass spectra, can indicate ton stabllity. 

5.3 Elemental Composition and Structure 

Each molecule has a specific elemental formula or composition that by itself does notsuggest anythśng about the structure 
of the molecule, because completely different molecules can have identical empirical composition. The mass spectrum of an 
analyte indicates its monoisotopic mass, but the Jarger the mass, the greater the number of possible empirical formulae or 
combinations of atoms that could produce that same nominał m/z sjgnal* 

5.4 Isotope Patterns 

The relative intensity and position of isotope cluster peaks in a mass spectrum provide orthogonal information to the mtz 
data. Isotopes represent variants of a given element with the same number of protons and a different number of neutrons, The 
number and relative abundance of isotopes are unigue to each element and together comprise the isotope pattern for a partic- 
ular molecule in a mass spectrum, The relative abundance of each isotope also is a function of the number of each element in 
a molecule. Natura! isotopic abundances depend on the source or provenance of a materiał and are influenced by yariations of 
the isotopic abundances of its constituent elements. Because a unique elemental formula is consistently indlcated by each peak 
coinciding with the m/z and relative abundance of each isotope in a molecular formula, the resulting isotopic fingerprint can 
be a powerful tool for the prediction of elemental composition. 

Chlorine and bromine are examples of elements that produce prominent and easily recognizable isotope patterns in a mass 
spectrum. Chlorine atoms are characterized by the isotopes 3S C!: i7 CI (approximately 3:1) and bromine atoms by unmistakable 
doublets ( 79 Br: s1 Br - approximately 1:1) that enable easy Identification of ions containing these atoms in a mass spectrum. 
Combinattons of multiple CI or Br atoms in a molecule ylełd characteristic isotope peaks that differ by two units and have rela- 
tive abundances that can be calculated. For some types of HRMS (TOF in particular), the relative Intensities of the isotopic dus- 
ter can be carefully defined. Because the rełative intensity of the isotope cluster is exactiy a function of the elemental composi¬ 
tion of the molecule (that is easily calculated), isotope fitting of experimental data to theoretical intensity can help provide the 
correct formula. 

Figurę 5 presents the isotopic pattern tri the molecular ion region for n-butyl benzenesulfonamide collected using ESI with 
different mass spectrometers, each having different mass resolution, With nominał mass (i.e., quadrupole mass spectrometer) 
resolution, one can clearly see the A + 1 {mlz 215) and A + 2 {mlz 216) peaks of the [M + H] ł ion at m/z 214. The major 
contributor to the A + 1 peak results from the occurrence of yersions of the molecule containing B C, and the major contribu- 
tor to the A + 2 peak, is naturally occurring i4 S. With a higher-resolution mass spectrum, the morę aecurately calculated rela- 
tive abundances of the A + 1 and A. + 2 peaks could be used to estimate the number of carbon and suifur atoms in the mole¬ 
cule, respectively. An examination of the FT-1CR mass spectrum illustrates the additional isotopic information that can be ob- 
tained under even higher-resolution conditions, This spectrum clearly shows that the A ^ 1 peak, seen as one peak with the 
other two mass spectrometers, also has contributions from other isotopes. At resolutions afforded by ICR or orbital-trapping 
mass spectrometers, the various contributors £o the A + 1 peak can be observed, and one would get a morę accurate estimate 
of the atoms present. 
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Figurę 5. Partial ESI mass spectrum of n-butylbenzenesulfonamide under different mass resofution conditions. 


Examination of isotope peaks also can reveai Information regarding the charge State of an ion. For exampfe, the difference 
between the A and the A + 1 isotope peaks is 1 m/z for a singly charged ion, a mass difference of 0.5 m/z denotes a doubly 
charged ion, and a mass difference of OJ m/z denotes a triply-charged ion. Thus, the correct charge State can be determined 
when only one peak or one set of isotope peaks es present, which supports the determination of MW and elemental composi- 
tion. Because accurate mass and isotope fitting are orthogonal data tliat each separately can greatly reduce the number of 
possible empirical formulae for a given nominał mass, the information used together can reduce experimental data to a single 
or limited set of possible choices. 


5.5 The Monoisotopic (on 

The monoisotopic ion is an important feature of a mass spectrum, and retognizing this ion is valuable in determining the 
elemental composition of a molecułe or ion, particularly with accurate mass measurements. The monoisotopic mass of an ion 
or molecułe is the exact mass cakulated using the mass of the most abundant naturally oceumng isotope of each consfituent 
element. Therefore, the monoisotopic ion is represented by the isotopic peak composed of the most abundant isotopes of its 
elements. Importantly, MS observes the monoisotopic mass of the anafyte, not its molecular weight (i.e., the average including 
















USP40 


General Information / <1 736) Applications of Mass Spectrometry 2107 


contributions from heavy isotopes). Reeognizing the monoisotopic ion peak can be straightforward, and some singly charged 
ions and elements present simple or easify recognizabfe isotope pattems. However, the combmation of multipfy charged ions 
and muftiple elements that coflectively contribute to tomplex isotope pattems occasionally can make determination of the 
monoisotopic ion peak quite chatlenging, parttcularly witli polymers and biomojecules, In such cases the benefit of instrumen- 
tation that offers higher resolving power is readily apparent. 

5.6 Fragmentation 

Fragmentation of an organie molecule in a mass spectrometer and examinatron of the ions produced in the fragmentation 
process can provide detailed information about unique stmctural features soch as functional groups, substituents, and connec- 
tivity. Fragmentation generally is the dissociation of an activated analyte ion. Observed fragmentations are guite diverse and 
can rangę from simple events such as bss of water or ammonia to highly complex pathways that invoive adduction, multiple 
rearrangements, and atom migration. In MS, fragmentation is highly dependent on the type of instrumentation and operating 
conditions, Primary considerations include ionization source, collision zonę conditions, and type of mass analyzer. To some ex- 
tent, controlling ihese factors permits the selection and optfmization of conditions that are conducive to generating desired or 
structurally diagnostic fragmentation. 

El fragmentation resuJts entirely from unimolecular dissociation that occurs in high vacuum> Formation of a radtcal molecular 
ion (M< ) tn an electron beam (typically 70 eV) is accompanied by redistributlon and accumulation of energy info different 
vibrational modes, and as a result the molecular ion may undergo fragmentation. Fragmentation typically occurs by bond 
cleavage and produces an even-electron cation and a neutral odd-etectron radical, The converse aiso can occur, albeit less fre- 
ąuently: an odd-electron radical cation is observed with ar even-electron neutral fragment loss. Fragment ions can further dis- 
sociate to generale additional fragments. Generally, fragmentation of odd-electron ions may produce either odd-electron or 
even-electron ions, but even-electron ions fragment to other even-electron ions. The probability of cleavage of a partitular 
bond in a molecule can be correlated with bond strength and the relative stability of the resulting fragment ions. Some gener¬ 
ał principles apply with regard to the presence of fragment ion peaks observed m El mass spectra and can assist with interpre- 
tation. These principles have been thoroughly discussed in numerous texts on the topie and are not discussed here. 

API and soft-ionization procedures predominantly produce ions such as [M + H] + or [M - H]- that exhibit limited fragmenta¬ 
tion. API and other softer ionization procedures achieve fragmentation by activating ions in a variety of ways, depending on 
the type of instrumentation. 


5.7 Biomacromolecules 

Stmctural elucidation of biomacromolecules using MS offers a number of challenges that are not common annong tradition- 
al drug substances described previously in the chapter. To start with, biomacromolecular therapeutics encompass many tom- 
pounds with very different Chemical properties that rangę from proteins and peptides to a variety of glycoconjugates, Itpids, 
and even DNA and RNA complexes. To further complicate the matter, the molecular mass of biomacromolecules can rangę 
from under 1000 in the case of some bioactive peptides and lipids to well over 100,000 for vaccines, antibodies, and heparin 
complexes. Furthermore, many of these biologically derived substances exhibit considerable heterogenełty and thus may not 
be characterized as a single drug substance but instead as a mixture that is monitored for consistency from batch to batch 
using a variety of analyttcal methods, 

This section provides guidance about MS characterization of biomacromolecules. Because of the complexity of this broad 
class of compounds, this section focuses on a few types of compounds to iliustrate the benefits of MS, then comments briefly 
about how MS can be implemented for other biomacromolecular compounds. 

5.7,1 PEPTIDES AND PROTEINS 

Details of the process for tharacterizing proteins and peptides are provided in Biotechnology-Derived Artides—Peptide Mop- 
ping <1055) and are only summarized in this section to provide context 

5,7.1.1 Spectral interpretation: Mass spectral evaluation of proteins and peptides typically encompasses MS data coliected 
on the intact compound(s) to establish the overall mass of the protein followed by tandem MS to generale information about 
the primary amino acid sequence of the protein or to characterize słtes of protein modification. Interpretation of fragmentation 
spectra to generale the sequence information is a critical component of this approach, and thus some guidelines for the spec¬ 
tral interpretation of peptrde fragments are provrded in SJ.hZ Datobase searching . Primary and secondary MS-based ap- 
proaches have emerged as the standards for sequencing proteins by fragmentation and are known as bottom-up and top- 
down seguencing. 

5*7, J, JJ Bottom-up —This approach encompasses fractionation of indMdual peptides generated by proteolytic digestion 
and sequencing of the peptides by tandem MS. The complete protein sequence then is recapitulated by pieetng together the 
individual sequences. To get complete coverage of the protein, it is necessary to do separate digestions with multiple proteases 
with different deavage specificities to get overlapping sequence coverage to rebuild the overall sequence. This approach is cun 
rently the most common MS-based approach used to characterize protein therapeutics. 
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5,7, 1.1,2 Top-down —Advances in MS-based technologie* and particuiarly ECD and ETD fragmentation offer another ap- 
proach for sequencing proteins, whereby the intact protein is fragmented to generate seguence information without prror 
need to digest the protein into smaller peptides. Current challenges with this approach include the need for purified proteins; 
difficulty in getting complete $equence coverage, particuiarly for larger proteins; the need for considerably larger guantities of 
proteins than for the bottom-up approach; and a reguirement for a high-resolution instrument with ECD or ETD capabifities, 
However, during the development of proteins therapeutics the availability of large guantities of purifled protein is a likely sce- 
nario, and with the continued advancement of MS technoiogies, top-down proteomies may offer a direct option for character- 
ization of some proteins therapeutics in the futurę, 

5,7J,2 Database searching: Because of progress in whofe-genome sequendng and the computing power of predictive al- 
gorithms for the annotation of all possible genes, mRNAs, and proteins from genomie information, the characterization of un- 
known protein and peptide therapeutics rarely reąuires complete de novo sequente evaluadon. Instead, the compound can be 
initiafly identified by digestion and seguenring by peptide fragmentation. This is possible because various fragmentation strat- 
egies (e.g,, CID and ETD as described previously) produce gas-phase fragment ions from protonated peptides that represent 
consistent cleayage positions along the peptide backbone. The Roepstorff nomendature for generał peptide fragmentation 
along the peptide backbone is shown in Figurę 6A. Peptide fragments that maintarn a charge on the C-terminus are the x, y f or 
z ions, and those that maintain a charge on the N-terminus are known as o, b, or c ions. By optimizing the fragmentation 
energies and the collision gas to target only a single fragmentation event per protonated peptide molecule, analysts can use 
the collective fragmentation spectra from a gtven peptide to produce a set of fragment ions from the same series (Le., b ions 
or y ions) that vary by the residue mass of each amino acid. In this manner they can derive the sequence, A schematic of a 
peptide fragmentation profile with a complete set of y ions is shown in Figurę 6B. The complete set of y ions allows the se- 
quence to be determined from the mass difference between the ions that correspond to residue masses for each amino acid. 
With the development of complete databases of many genes, transcripts, and proteins, a variety of commerdally available 
Computer ałgorithms have been developed to match the fragmentation masses with protein sequences in databases, along 
with false discovery rates and confidence probabilities. As a result, confirmation of protein sequences for known proteins can 
be fully automated for data collection and evafuation. 



Figurę 6A. Peptide fragmentation nomendature. 




Figurę 6B* Peptide fragmentation sequence. 
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5*7,13 De novo sequencing approaches: When a protein is completely unknown, MS-based fragmentation can be used to 
generate sequence Information as described. The primary challenge is the inabflfty to afways get compiete, unambiguous se- 
quence information for sonrse peptides by MS fragmentation because of the inability to assign all amino adds from a given 
frag mentation spectrum without a tern piąte of known sequences. In cases such as these, a combinatfon of Chemical sequenc- 
ing using Edman degradation and M5 may be necessary. Alternatively it may be necessary to digest and seąuence the protein 
with multiple proteases in order to generate overlaying sequences to en surę the retiability of the overali seguence assignments. 

5,7.2 GLYCOCONjUGATES 

The anafysis of drug substances in this class is discussed in Glycoprotein and Glycan Analysis—General Consideratbns (1084), 
Thus this sec tron addresses only the application of MS to the characterization of protein glycosylation. 

Many biopharmaceutrcals are glycoproteins for which glycosylation plays crittcaf roles in maintarning function, stabilrty, and 
solubility. The most common glycosylations are AMinked and O-linked glycosylation in addition to other glycosylation modifi- 
cations such as GPI anchors, W-glycosylation refers to glycan modification on the asparagine side chain, and O-glycosyfation 
occurs to the side chains of serine and threonine. MS analysis of protein glycosylation can be performed on tbree different 
levels: intact proteins, peptides, and glycans* This section provides a brlef overview of glycoprotein analysis. 

5.7,2.1 Intact protein analysis: For proteins with smali size or re!atively simple glycosylation, direct MS analysis of Intact pro¬ 
tein provides a mass profile that reflects the protein ! s primary sequence and major modifications, including glycosylation, This 
type of experiment usually is performed using TOF analyzers or analyzers with higher mass resolution equipped with ESI or 
MALDI ionization. MALDI forms mainfy singly charged ions and requrres MS analyzers with a wide m/z rangę for measurement 
of intact protein mass (e*g*,TOF). ESI-MS is commonly used, because it leads to the formation of multiply charged protein ions 
in the m/z rangę of 700-5000, resulting in better mass accuracy in protein mass measurement (<100 ppm when coupled with 
a high-resolutlon mass sepctrometer). MS analysis in many cases can resolve protein peaks by their glycoform distributlon be¬ 
cause of the mass differences (e.g., hexose 162 Da, HexNAc 203 Da, and N-acetyl neuramimc add 291 Da), The mass Infor¬ 
mation can lead to Identification of the monosaccharide composition of the gtycoforms. The intensity of the intact protein 
peaks can be used to roughly estimate the glycoform disthbution on the protein. For monodonal antibodies modified mainly 
by neutral W-glycans, quantrfrcation of glycosylation distribution by intact protein analysis appears to be comparable with 
measurement using glycan separation methods, Antibodies containing multiple glycosylation sites can be enzymatically 
cłeaved into major domains before M$ analysis to gain morę specrfic information about the position of the glycosylation on 
the intact protein. 

5*7*2.2 Peptide analysis: For proteins with complieated glycoforms and multiple glycosylation sites, site-spedfic glycosyla¬ 
tion information usually ts desirable and is achieved by using a bottom-up proteomics approach via analysis of peptides gener- 
ated by enzymatic dlgestion. The peptides are separated by reversed-phase LC foliowed by ESI-MS/MS analysis* MS-MS frag¬ 
mentation can be performed using GD or ETD* In GD-MS/M5, the peptides can be identified to be glycosylated peptides by 
the detection of oxonium ions in the peptide MS—MS spectra [e.g., m/z 163 (hexose), 204 (HexNAc), 292 (sialic add), and 
366 (hexose-HexNAc)]. However, CID-MS/MS spectra of glycosylated peptides usually are dominated with fragmentation 
from the giycan with minima! fragmentation between the amino acid residues of the peptide backbone, thus hampering the 
abiiity to tdentify the protein seguence. ETD-MS-M5 spectra of glycosylated peptides contain mainly fragmentation between 
the amino acids (e.g., c- and z-type peptide backbone cleavages), while the attached glycans remain intact. ETD-MS-MS pro- 
vides information about peptide sequence, glycosylation site, and the glycan mass of the glycosylated peptides. CID- and 
ETD-MS-MS may be used alternatively in the same LG-MS analysis of complieated protein dlgests, which may provide the 
Information necessary for Identification of sequence, glycosylation sites, glycan mass, and glycan branching. O-glycosylated 
peptides also can be analyzed by using similar approaches, Peptide glycosylation can be identified by observation of oxonium 
ion such as m/z 204 in GD-MS-MS, and the peptide seguence is identified by ETD-MS-MS when the O-glycan moieties re¬ 
main attached to the peptide. 

5.7*23 Glycan analysis: N- and O-glycans can be enzymatically or chemically reieased from proteins foliowed by MALDI-MS 
or ESI-MS analysis either directly or after denvatization with Chemical tags for enhancement of their ionization. 

The direct MALDI-MS analysis of reieased glycans can be performed in both positive and negative modę for the detection of 
neutral and addic glycans, respectively. The commonly used ma tri ces include 2,5-dihydroxybenzoic acid (DHB) and 2',4',ó^ 
tnhydroxyacetophenone. The neutral glycans usually are detected as [M + Na] + in positive ion MALDI-MS, ESI-MS analysis of 
glycans suffers from poor ionization of the glycans and thus are used only following Chemical derivatization. For example, den- 
vadzation of reieased glycans from glycoproteins can be performed on the reducing end of glycans by reductive amination 
using fluorescent tags such as 2-aminobenzamide. The labefed glycans are analyzed using hydrophilic interaction chromatog- 
raphy foliowed by ESI-MS analysis tn positive ionization modę. The molecular mass of the glycans can be determined, and 
subsequent MS-MS analysis can provide structure information about the glycans. Permethylation is another important giycan 
deiwatization method that neutralizes addic glycans and allows both neutral and addic glycans to be detected by MS in posi- 
tive ion modę. MS/MS spectra of glycans contain ions from two major types of eleavages, as Hlustrated in Figurę 7* Glycosidic 
deavage occurs at the bonds between two sugar rings and results tn B t C, Y t and Z ions, which provtde$ important information 
regarding monosaccharide seguence and giycan branching* Cross-ring cleavages (shown in Figurę 7 by dashed lines) involve 
rupture of two bonds on the same sugar ring and lead to A and X ions that assist in identification of the type of sugar iinkages 
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in the glycans, With increasing understanding of glycan fragmentation, the Identification of glycan from its M5-M5 spectrum 
now is possible via database searches using recently developed computationai algorithms. 



Fig urę 7. Nomendature for carbohydrate fragmentation, Source: Ada pled from Domort B and Costello CE (1988). Glycoconj . 

5, 397-409. 

5,73 VA£CINE5 

Vaccines present a untque challenge because often they include complex mixtures of proteiny polysacdwides, and liplds in 
the form of intact bacterla or viruses, outer membranę vesicle preparations, or combinations of recombinant proteins. General 
Information regarding bacterial vaecine$ is available in Vaccines for Humań Use—Bacterial Vaccines {1238), Quality control of 
such mixtures typically relies on characterization by SDS-PAGE, SEC, amino add or monosaccharide compositional analyses, 
RP-HPLC, and other analytical methods. However # to datę MS has not been used as a primary QC method even though it is 
freguently used for confirmation of identity and characterization of impurities. Because of the many advantages of MS descri- 
bed in this chapter and its widespread use in the characterization of biotherapeutrcs and vaccines that contain complex pro¬ 
tein mwtures, MS and MS-MS offer the ability to identrfy product and impurity simultaneousfy, and likely will be adapted in 
routine QC environments in the futurę. Additionally, wher a compfication occurs (e.g v discrepancy between assays, activity 
changing after formula tion, or posUranslational modification), the quantitation of the recombinant protein (within a complex 
proteome) or key antigen in a complex protein vaccine via a highly specific procedurę such as MS may be desirable, The use of 
isotope dilution MS-MS in comblnation with multiple reaction monitoring seans can provide highly specific and accurate 
guantitation of protein in complex samples. 

5,8 Monograph Methods for Qualitative Identification 

The discussions in this chapter and in Mass Spectrometry (736) covering the qualltative capabilities of MS provide strong 
technlcal justification for tts use as part of a compendial Identification strategy for a wide rangę of molecular classes. The struc- 
tural Information content (e.g., molecular mass, emprrrcal formula, structurally signrficant fragmentation, and characterization 
of bromolecular modifications such as giycosylatlon) has been and will be an Integra! part of Identification strategie*. One or 
morę specific aspects of mass spectral Information can be combined to inerease the specificity and reliability of the proposed 
test, Development of the MS portion of the compendial Identification test should strive to provide unique and complimentary 
Information for use with other identificatlon tests intended in the monograph, Method development aiso should consider the 
availabtlfty of a reference standard for successful mass spectrometric Identification, 

6. QUANTITATIVE ANALYSIS 

MS is useful for the quantitative determination of acdves or impurities in a drug substance or a drug product because of its 
selectivity and sensitivity. The former typically comes into play when target compounds restde In complex matrices (e.g„ natu- 
ral or formulated), and the latter is a benefit when low-level impurities must be measured, Selectivity is achieved in MS-based 
methods by the combination of welhcharacterized attributes of the target compound, including molecular mass, intnnsic ioni- 
zation characteristics, and fragmentation with additional data such as chromatographic retention time, In addition to chroma- 
tographic selectMty, use of a chromatographic inlet helps isolate the target compound from other Chemical entities within the 
sample that could create probiematic artifacts (e,g„ ionization suppresston) if they were introduced concomitantly, 

This generał approach to sample anaiysis (Le., chromatography coupled with MS) typicalfy introduces the target compound 
into the mass spectrometer as a well-defined peak (Ideally, Gaussian) that can be reproducibly integrated for optimal guantifi- 
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cation. While other forrns of sample introduction (e.g., flow injection and direct-inserdon procedures such as MALDI) poten- 
tially can be employed and may be necessary in some applicatlons, chromatographic introduction systems are morę common 
and are preferred for MS guantification. 

Although various mass specfrometer types can be used, the quadrupoie and triple guadrupoie, In pardcular, are most com- 
monly employed for quantitative analysis. These instruments provide a combinatEon of spedficity, sensitivity, stability, and linę- 
ar response, which is essential for aecurate measurement of target compounds, particuiarly within complex formulations. For 
these reasons, the baiance of this quantification dtstussion emphaskes the use of chromatographic separabons in concert with 
guadrupole M5 detection* 

6.1 MS Quantitation Overview 

Employing a chromatographic inlet, analysts introduce a sample solution via injection onto an appropriate chromatographic 
column, and a flowing carrier stream (gas or liguid mobile phase} advances the target compound(s) and other matnx compo- 
nents through the column at various rates that are determined by strength of the carrier (gas characteristics for CC; organie, 
aEong with mobile-phase modrfiers, for HPLC), temperaturę, and affinity for a stationary phase (see (621)). Pressurized or near- 
atmospheric-pressure chromatographic effluent is passed through an appropriate interfaee into the vacuum environment of 
fhe mass spectrometen In thfs manner, Chemical components within the sample enter the mass spectrometer as chromato¬ 
graphic peaks that are subject to ionizatEon as defined by the chosen ionization modę and according to the propensity of each 
Chemical to become lonked under those experfmental conditions. 

In the case of sIng[e-quadmpole MS detection, the mass analyzer is set to pass to the detector an ton with an m/z value that 
fs characteristic of the target compound. In this selected ton monitoring (SIM) modę, a chromatographic profile for a singie 
m/z value is created* This overall process yields a chromatographic peak at the retention time expected for the target com¬ 
pound. When integrated, the area under this peak Jeads to a measure of target compound concentration in the original sam- 
ple. Accuracy in an MS-based quantitative assay is achieved by the proper use of a well-characterked reference standard and, 
ideally, an appropriate internal standard, as described in 6 2,7 Internal Standards* 

For many analyses, the combination of chromatographic sępa radon and SIM MS anatysis will provide suffident selectivity to 
yield an analysts, which is suffidently free of Chemical tnterference to meet the measurement need, However, In some situa- 
fions, it may be necessary to utilize the additional selectivity provided by tandem MS detection that commonly is provided by 
a triple-quadrupole instrument The need can be particularly acute In Category II analytical procedures for which a tracę im- 
purity must be measured within a comp!ex formulation. 

The relatrve benefit of MS/MS detection is illustrated in the extreme exampEe presented in Figurę 8. The antitussive dextro- 
methorphan (Dex) is present in a piasma extract at 100 pg/mL. This extract is first analyzed by LC-MS uslng ESI-51M at m/z 
272 (protonated molecule)* In this experiment the SIM chromatographic peak corresponding to Dex is barely discernible 
above the relativeiy high background noise. Afternativdy, a triple quadrupole can be employed to set up a selected reaction 
monitoring (SRM) detection scheme for added selectivity. SRM is a special case of product ton MS-MS 3n which the second 
mass anaiyzer is tuned to pass only a selected fragment ion corresponding to Dex ( m/z 147 in this example). A marked en- 
hancement in selectivity, and therefore signal-to-noise ratio, is evident and typically leads to improved performance for quanti- 
tative analytical methods. 
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Figurę 8. MS (SIM) versus MS-MS (5RM) for quantitatlve methods, 

6.2 Quantification Considerations and Procedures 

Methods suitable for Category I and Category II applicattons reguire the use of a reference standard for each target com- 
pound. Quantiffcation of a target compound in an appropriatdy prepared test sam ple is achieved by reJating tts MS response 
(e.g>, SRM~derived chromatographic peak area) to that of similarly prepared reference slandards spanning the required eon- 
centration rangę (see Mass Spectrometry {736), Validation and Yenficatlon of Mass Spectrometry Analytical Procedures). 

6.2.1 INTERNAL STANDARDS 

For optima! acturacy and precision, internal standards should be employed at a consistent concentration In both the test 
sam pies and reference standards. Interna! standards compensate for smali samp3e-to-samp!e differences in dilution volume or 
loss of materiał dunng sampfe processing, They also compensate for analysis-to-analysis fluctuations in MS response or sensrtiv- 
ity drift over the course of batch analyses, both of which occur in aM MS-based methods. In practice, selective detection 
schemes are set up to monitor both the target compound (analyte) and its corresponding internal standard, The key instru- 
mental measure for each standard and test sam ple is, therefore, a rado of the analyte-to-internal standard chromatographic 
peak areas. Internal standards can be either structural or stable-isotope-fabeled analogs of the target compound, The former 
may be adequate and often has the advantage of lower cost and avaifability. The isotopically labeled (e.g„ 2 H, U C, or ]5 N) 
alternative offers superior method performance, because It is essentlaJiy identical to the analyte in Chemical and physical prop- 
erties, with the exception of greater molecular mass. The only requlrements are that the isotoplc fabels are not subject to 
Chemical exchange during storage or sampfe preparation, are retained in the MS ionization process, and provide a suffident 
molecular mass shift (typfcally 3+ Da using multiple labels) versus the analyte to ensure negtigible cross-talk (Enterference) be- 
tween analyte and Internal standard signals (because of natura! isotopes and variable mfz resolution across different mass ana- 
lyzers). In addition, care must be taken to ensure that the internal standard contains Inconsequential levels of unlabeled target 
compound impurities that potentlally could bias resułts. Suitabifity of the internal standard is confirmed after successfu! com- 
pletion of the analytical procedurę validatiom 


6.2.2 DATA ACQUISmON 

For accurate integration of analyte and interna! standard chromatographic peaks, the data aeguisition parameters (e.g., sarrn 
pling ratę, scan rangę, or masses monitored) must provide a suffident number of intensity samples across the peak width. The 
number of samples may vary dependlng on method performance requirements (see Table I in generał ohapter (736)) and 
practical considerations related to chromatography conditions, mass spectra meter type, and the number of analytes and inter- 
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nal standards monitored. For examp!e, for single-analyte assays on guadrupoie-based instruments, analyte and internat stand¬ 
ard SIM or SRM detection schemes are alternately sampled throughout the analytical run* With modern guadrupole Instru¬ 
ments, dweli times of 100 ms or less per sampling point are readily achreved and should result in at least eight samples across 
each peak (this is the suggested minimum for good quantitative representation of the peak), 

6.2.3 CALIBRATION 

A calibration curve is created by plotting analyte-to-Internal standard peak area ratios versus concentration for the reference 
standards analyzed. For the somewhat narrow calibration rangę required for Category 1 and Category II measurements, a sln> 
ple (nonweighted) linear fit ts sufficlent to define this response versus concentration function. However / 1/x or Mx 2 weighting 
aJso can be used, as węll as nonllnear (e.g., guadratic) functions, as supported by appropriate and provided validatton dala. 

The calibration concentration rangę is selected based on instrument sensitivlty and the reguired method performance attrib- 
utes. in generał, the lowest concentration should yreld sufflcient signal for rep rod ud bil ity, and the highest concentration idea!- 
ly should be within the linear response rangę of the MS system. In extreme cases, the upper end of the linear response rangę 
may result from limrtations of the mass analyzer or detector (e.g., as with TOF and ion trap MS Instruments, but much less so 
with guadrupole mass analyzers). Morę often, loss of linearlty results from diminishing ionization efficiency at higher concen¬ 
trations. ThEs is a common consideration with, for example, etectrospray ionization where high analyte concentrations may in- 
creasingly deplete available ionizing adduct ions, leading to a iess-than-proportional increase In detected signal with increasing 
concentration. This so-cafled seff-suppression phenomenon can be somewhat compensated by the use of a stable-isotope-la- 
beled internal standard that co-elufes with the analyte and, therefore, experiences stmifar proportiona] suppression. However, 
best-method performance is achieved when calibration fafs within the linear rangę. 

6.2.4 TEST SAM PLE PREPARATtON 

The scope of acceptable sample preparation procedures for quantitative MS analysis is broad and depends on many factors, 
induding the analyte Chemical class, the composition and complexity of the matrix, the target analyte concentration, and the 
type of analytical instrumentation avallable. If appropriate, the preferred approach Is simple dissolution followed by internal 
standard addition and then dilution to a target concentration within the calibration rangę* This simpltdty minimizes the poten- 
tia! for analyte recovery issues and contamlnation or other procedura! errors that may compromise the robustness of morę 
complex methods. Provided sufficlent instrument sensitivity, optimal method performance typicaliy is achieved with greater 
dilution factors (Jower anaEyte concentrations in the prepared sample). This approach not onjy avoids self-suppression issues 
but also minimizes the potential for ionization suppression due to co-efuting matrix components. 

Morę complex sample preparation procedures may be required to address issues reiated to the Chemical dass or concentra¬ 
tion of the analyte, as welt as the naturę of the matrbc In such cases, the use of an internal standard (stable-isotope-labeled 
standards in particular) is almost essentiai to ensure adequate method performance. For best results, the addition of the inter¬ 
na! standard should take place at the earliest practica! stage of sample preparation (e.g., immediately following test sample 
dissolution). 

For example, procedures such as liquiddiquid and solid-phase extract3on may be required to enrtch (concentrate) target 
compound(s) for greater assay sensitivlty or for isolation from high levels of ionization-suppressing components within the ma- 
trix (e.g., salts or other excipients). Chemical derivatization of certaln functfonal groups of a target compound may be desira- 
ble to stabilize the sample (e.g,, for CC-MS analysis), improve method chromatographlc performance, or enhance intrinsic 
sensitivity for detection (e.g., for ESI). Aithough such procedures add cornplexity, they are acceptabfe provided the overall ana- 
iytical procedurę can be properly validated. 

A speciat case of comp!ex sample preparation that may be reguired for guantification of macromolecular compounds such 
as vaccines and blotherapeutrcs invo!ves the intentional degradation of the target molecule(s) into smaller entities that are 
morę amenable to quantitative MS analysis. For examp[e, partial degradation of a protein therapeutic may be achieved by hy- 
drolytic (chemtcal) or enzyme-based (e.g., tiyptic) digestion to yieid peptide fragments that are characteristic of the protein. 
These smaller molecules can be anafyzed by uslng principles described En this sectEon (induding the use of stable-isotope-la- 
befed internal standards of each targeted peptide), and the results can be coifelated to determine the concentration of the 
original target protein. Further, by measuring multiple peptides derived from the protein of interest, analysts can achieve qua!i- 
tative (identity) verification of the protein by meam of the same method. Of course, this indirect approach usually reguires 
some degree of isolation and qualitative Identification of the macromolecule to ensure that the subsequent quantitative meas- 
ure of the representative peptides is relevant 

7, EIWERGSNC MS APPLICATIONS 
7.1 Drug Product Authentication and ContammatJon Detection 

Counterfeit and contaminated or adulterated pharmaceutica! materia Is are a threat to patient safety, consumer confidence, 
and product security and are therefore of concern to pharmaceuticaf manufacturers and regulatory agencies. Because increases 


General Chapters 




Cenera! Chapters 


2114 <1736) Applications of Mass Spectrometry / General Information 


USP40 


in the incidence of counterfeited and contaminated pharmaceutical materials have elevated concerns about publk health safe- 
ty and product security, numerous measures have been employed to detect counterfeit and contaminated drug products and 
to ensure supply Chain rntegrity. Because of its sensitivity and specifidty, MS is an effective analytical tool for broad application 
in the determination of authenticity, source, or contaminaiion of drug products. Approaches incfude verifying the identity of 
the active ingredient(s), determining and comparing impurity profile*, and rsotopk characterteation. 

7/U IDENTIFICATION AND/OR YERIFICATION OF THE ACT1VE INGREDIENT 

Counterfeit drug products may eontain multiple or different active ingredients or no active ingredient at all. GC-MS, LC- 
MS, or direct-infusion MS procedures can provide a verification of the presence or absence of an active ingredient or the iden- 
tity of other active ingredients that may be present Counterfeit drug products containing multiple active ingredients or very 
high levels of a single active ingredient (superpotent samples) typically are of greater concern to human safety than those that 
eontain little or nonę. In cases such as these, MS can provide posittve, unequivotaJ proof of identity, as well as quantitative 
Information suffident to pursue those responsibie for produdng the counterfeit products. 

7.1.2 IMPURITY PROFILINC 

Impurity proflles can indicate contamination of a drug product or can distinguish an authentic product from a counterfeit. 
Impurity proflles serve as fingerpfrnts for a drug substance or formulated product from a partlcufar source. Hyphenated techni- 
ques such as LC-MS and GOMS can be used to resolve and identify process-spedfic impunties that are characteristic of a par- 
tieufar synthetic route, which can be useful in determining the origin and distribution of counterfeit materials. Yanations in the 
impurity profile of the authentic materia! and changes in the profile with time and process conditions musi be considered 
when analysts use impurity profile* for identifkation or as indicators of potential contamination. With suspect counterfeit prod* 
ucts, similarity of impurity profiles may not necessarily indicate a suspect sample is authentic. In such cases, additional investi- 
gation using orthogonal procedures may be necessaiy, 

7.1.3 ISOTOPlC CHARACTERIZATION 

Stable isotopes of elements such as carbon, nitrogen, hydrogen, and oxygen occur natu rally in pharmaceutical products and 
raw materials. fsotopic ratios principally depend on starting materials and processes used to produce drug substances and 
drug products and can be highfy specific for a given batch. Therefore, isotope ratios can define an isotopic fingerpnnt fora 
given materiał, and observed differences in specific isotope ratios between batches can be used to authenticate materials or 
indicate potential contamination. Isotope ratio mass spectrometry (IRMS) is a powerful tool for pharmaceutical authentication 
or detection of potential contamination in drug products and raw materials. IRMS affords a high level of specificity, accuracy, 
and precision in the determination of certain elemental (e.g,, carbon, nitrogen, oxygen, and hydrogen) isotope ratios in drug 
substances or products, Because specific isotope ratios can be influenced by multiple factors such as location, cli matę, process 
differences, and source and qua!ity of raw materials, IRMS is able to provide informalion that is not only useful in authenticat- 
ing a drug product but also in indicating the origin of a drug product or materiał. This is particularly important in determining 
whether distributed counterfeit drug products obtained at discrete locations originate from the same manufacturing process or 
when linking a diverted product with its originaf manufacturing site. Figurę 9 illustrates subtle but notable differences between 
authentic drug product samples from three gbbal manufacturing sites and overt differences between authentic and three 
counterfeit drug products. Additionally, IRMS approaches authentication from a post product ion perspective and does not in- 
volve marktng or altering the drug product, as may be reguired by other pharmaceutical authentication technofogies. 
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Figurę 9, Bivariate plot of sfable isotopic composition (5 13 C versus 5 15 N) of authentlc drug product from three global manu- 
facturing sites (Sites 1-3) and three counterfeit drug products (C1-C3), 
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PRINCIPLES OF NIVSR 

Nucfear magnetic resonance (NMR) spectroscopy is an analytieal technique based on the magnetic properties of certain 
atomie nudeL NMR is simllar to other types of spectroscopy rn that absorption of electromagnetic energy at characterlstic fre- 
guendes proyides analytical information. NMR dfffers from other types of spectroscopy because the discrete energy levels be- 
tween which the transltions take place are created by placing the nudei in a magnetic field of strength Although the initiai 
field strength of the applled field is H 0f when the sample is inserted into the magnet the field strength throughout the sample 
becomes B 0f defined as follows: 

ni 

in which p s is the magnetic susceptibility of the sample. 

Atomie nudei behave as if they were spinning on the nuclear axis. The angular momentom, p 0r of the nucleus is character- 
ized by a spin guantum number (I), The maximum obsen/abfe component of the angular vector, p t is 

p - Ih/In - fh [2] 

In which h is Plancka constant and h is modified Plancka constant 

Tobie 1 shows the va!ues of i as a function of the mass number and the atomie number. 


Table 1. Nutlear Spin VaBues as a Functton of Mass and Atomie Numbers 


Mass 

Atomie 

Nuclear Spin 

Number 

Number 

(0 

Odd 

Even or odd 

1/2, 3/2, 5/2 ... 

Even 

Even 

0 

Even 

Odd 

1, 2, 3 ... 


The angular momentum creates a magnetic moment, /c which is paralfel to and dlrectfy proportiona! to p. 

p = yp = ylh [3] 

where y is the magnetogyrlc ratio and is a constant for afl nudei of a given isotope, regardless of their positlon in a molecule. 
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Nuclei that have a spin quantum number / * 0, when placed in an extema! uniform static magnetic field, align with respect 
to the field in (21 + 1) possible orientations. Thus, for nuclei with / - 1/2, which includes most isotopes of analytical significance 
(Table 2) t there are two possible orientations, corresponding to two different energy States, The energies of these two States 
are ± \iB 0ł and their separation is 

= [4] 

with morę nuclei populating the lower energy State than the hfgher energy State The populations are in accord* 

ance with the Boltzmann distribution: 


NJN^ = exp(-EfkT) [5] 

where /V + and M are the populations of the high and Iow energy States, respectively; k is the Boltzmann constant; and Trs the 
temperaturę in K. 

A nuclear resonance is the transition between these States, and upward as weil as downward transitions are possible, In a 
statfc magnetic field the nuclear magnetic axis precesses (Larmor precession) about the B 0 axis, The precessional angular veloc- 
i ty is often referred to as the Larmor freguency, co^ and ts related to S 0 : 

E = hp - 2 fiB a 

= 2ym n 

= yhB l) 
v-yB Q /2n 
o>o=yB<, [ 6 ] 

If energy from an oscillating radio*frequency (rf) field is introduced, then resonance is achieved when the rf freąuency is the 
same as the precessional angular velocity, Although the probability of an upward transition is equal to that of a downward 
transition, morę upward transitions take place than downward transitions because N L is greater than N + , Hence, an overall ab- 
sorption of energy takes place, As shown in Tobie 2, the resonance frequency of a nudeus increases in direct proportion with 
the increase of the magnetic field strength. 


Tafale 2. Properties of Some Nuclei Amenable to NMR Study 



Resonance Frequency 
(MHz) at 

Nu deus 

/ 

Natural Abun- 
dance 
(%) 

SemitMty 

1.4093 T* 

7.0463 T 

11.7440 r 

f'H 

1/2 

99.98 

1,00 

60:000 

300,000 

500.000 

U C 

1/2 

U 08 

0.0159 

15.087 

75.432 

125.721 


1/2 

100 

0.83 

56,446 

282.231 

470,385 


1/2 

100 

0.D663 

24.289 

121.442 

202.404 

n B 

(3/2) 

80,42 

0.17 

19.250 

96,251 

160.419 


* T = tesla; T,4Q93T = 14,093 kilogauss 


NMR is a technique of high specificity but relatively Iow sensitivity, The basie reason for the Iow sensitivity is the compara* 
tively smali difference in energy between the upper and lower energy States (0.08 Joules at 1,5 to 2,0 T field strength), which 
results in a population difference between the two levels of only a few parts per million, Another important aspect of the NMR 
phenomenon, with negative effects on sensitivity, is the long lifetime of most nuclei in the excited State. Long lifetimes affect 
the design of the NMR analytical test, especially in repetitive pulsed expenments, Simultaneous acqulsition of the entire rangę 
of resonant frequendes instead of frequency-swept spectra can give inereased sensitivity per unit time, 

Ali characteristics of the signal-chemical shift, multiplicity, finewidth, coupling constants, relative intensity, and relaxation 
time contribute analytical Information, The analytical usefulness of NMR arisesfrom the observation that the same types of 
nuclei, when located in different mofecular environments, exhibit different resonance frequencies, The reason for this differ- 
ence is that the effective field associated with a particular nucleus is a composite of the external field provided by the instru* 
ment and the field generated by the dreulation of the surrounding electrons, The latter field is generally opposed to the exter- 
nal field and lowers the overa!l field strength at the nuclear site, The phenomenon is termed shielding* Hence, the morę shiel- 
ded nuclei have lower Larmor frequendes> 

Jt is not convement to accurately measure the absolute va!ues of transition frequendes, as is done with other spectroscopic 
procedures. However, it i$ convenient to accurately measure the difference in frequencies between two resonance signals, The 
position of a signal in an NMR spectrum is deseribed byfts separation from another resonance signal arbitrartly taken as stand* 
ard. This separation is cafled chemkaf Shift , which may be expressed in units of magnetic field or in freguency units that are 
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readily interconverted by the equation for the resonance condition, Ecjuation 6 . This eguation shows that when the separation 
is expressed m freguency units, it is directly proportional to the field strength, It is morę convenient, therefore, to express the 
Chemical shift in terms of the dimensional unit 5, which is independent of the field strength, and is deftned by 

6 = (v ss - v RS )h f Q f 7 ] 

where v J5 is the test substance resonance frequency, in Hz; v RS is the reference resonance freguency in Hz; and v 0 is the in¬ 
strument frequency, in MHz, When v Q is expressed tn units of MHz, then Equation 7 is expressed in units as parts per milSion 
(ppm). Hence, it is common to use the unit ppm to express the Chemical shift dlfference between the resonance peak of the 
test substance and that of the reference. 

By using this equation, one can use (with appropriate caution) the Chemical shift of any known species (such as the residu- 
al ^-containing species in a deuterated solvent) as a Chemical shift reference. This equation, now in common use, is applica- 
ble to neariy all nuciei. 

TetramethylsHane (TMS) is the most widefy used Chemical shift reference for proton and carbon spectra. It is chemicatly in¬ 
ert, exhibits only one peak (which is morę shielded than most signals), and is volatjle, which allows ready spectmen recovery. 
Bther2,2 / 3 / 3-d^ sodium 3-(trimethyfsilyl)propionate (TMSP) or soditmi 2,2-d!methyl-2-silapentane-5-sulfonate (D5S) is used as 
an NMR reference for aqueous Solutions. The resonance frequency of the TMSP or DSS methyl groups closely approximates 
that of the TMS signal Where the use of an interna! NMR reference materiał is not desirable, an externaf reference may be 
used, such as a reference standard In a separate NMR tubę. 

Conventional NMR spectra are shown with shielding increasing and Chemical shift decreasing from left to rrght because less 
shielded nudei have higher Larmor freguencies than do morę shielded nuciei. Resonances on the left are said to be deshielded 
(i.e., they show lower electron density). Resonance peaks appearlng at the rrght are termed morę shielded (i.e,, they show 
greater electron density) than those appearing at the left. Resonances from the morę shielded and the less shielded nudei of- 
ten are inappropriately calied the high-fietd or upfletd peaks and the low-field or downfield peaks, respective!y, as a result of 
the outdated method of acqulrlng data by sweeping the magnetic field. Today, the overwhelming majonty of spectra are ac- 
quired on a pulsed Fourier transform (FT) spectrometer, which sweeps neither the magnetic field nor the transmitter freguen¬ 
cy. Therefore, it is morę appropriate to refer to resonances at the left side of the spectrum as hrgh-frequency or deshielded 
resonances and those on the right as low-freguency or shielded resonances, 

The coupling between two nudei can be described in terms of the spin-spin coupling constant, which is the separation (In 
Hertz) between the indlvidual peaks of the multiplet, When two nuciei internet and cause reciprocal splittlng, the measured 
coupling constants in the two resulting mutiplets are egual. Furthermore, / is independent of magnetic field strength. 

Coupled spin systems are usually referred to as weak or strong. These terms depend on the separation of the Larmor fre¬ 
guencies of the coupled nuciei compared to the coupling constant between them. Both of these values are easily measured 
from the spectrum. For a weakly coupled system, the separation expressed in Hz (Av) is large compared to /, which is always 
expressed in Hz. Thus, the ratio of the two is dimensionless. For a weakly coupled system, the ratio is large. Typically, spectra- 
scopists consider a ratio above 10 to be weak. Only weakly coupled spin systems produce first-order spectra, which are corm 
parative1y easy to analyze, The number of individual peaks that are expected to be present in a multiplet and the relative peak 
intensities are predictable. The number of peaks is determined by 2 nl + 1, where n is the number of identical nuciei on adja- 
cent groups that are active in splitting and / is the spin of those nudei causing the splittlng, For protons this becomes (n + 1) 
peaks. In generał, the refative intensity of each peak in the multiplet folfows the coefficient of the binomial expansion (o + b) f \ 
These coeffrdents can conveniently be found by use of Pascahs triangle, which produces the followlng relatlve areas for the 
spedfied multiplets: doublet, 1:1; triplet, 1:2:1; quartet, 1:3;3:1; guintet, 1:4;ó;4:l; sextet, 1:5:10:10:5:1; and septet, 

1:6:15:20:15:6:1. Two examples of first-order spectra arlsing from weak coupling are shown in Figurę 1. 
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Figurę 1* Diagrammatic representation of simple spectra resulting from weakly coupled spin systems. 

Coupling may occur between and other nudei, such as 19 F, 1J C, and 31 P. This type of coupling can freąuently be obsen/ed 
between nuclei separated by 1-5 bonds, 

Magnetically active nudei with 1, such as possess a nuclear quadrupo!e moment, which produces Irne broadening of 
the signals from neighboring nudei. 

Another characteristic of an NMR signal is its re!ative i n ten sity, which has wide analytical applications. In carefully designed 
experiments, the area or intensity of a signal is directly proportional to the number of protons that give rise to the signal. As a 
result, NMR can be used for quant!tation (see Quantitative Anaiysis in this chapter and in Nuclear Magnetic Resonance Spectro¬ 
scopy <761 > # Qualitatlve and Quantitotive NMR Anolysis . NMR spectra may contain spinning stde bands, peaks that appear sym- 
metrically located around each signal. These signals are due to the failure to optimize the off-axis (x and y) shims. The homo* 
geneity of modern superconducting magnets, coupled wtth Computer shimming techniques, reduce the need for sample spin¬ 
ning and completely eliminate these sidebands. 


NMR SPECTROMETERS 

Introduction 

NMR spectrometers have evolved sińce the first eommerrial instrument, a Varian HR-30 that operated at 30 MHz, was pro- 
duced in 1952. Initially NMR spectrometers used a data acquisition technique known as continuous wave (CW), which was 
based on sweeping the magnetic field. The llmitations of a CW spectrometer include Iow sensitMty and (ong analysis time. 

Today's spectrometers operate at frequencie$ up to 1 GHz and apply an rf pulse to the sample to produce a time-domain 
signal known as a free induction decay (FID), which is then Fourier transformed into a frequency-domain signal, This technique 
is known as FT NMR spectroscopy. Current NMR spectrometers are composed of several key components: the magnet, the 
probe, the console, and the Computer. 

The instruments are described by the appmximate resonance frequenty of the S H resonance, e.g. f 600 MHz, or by their field 
strength, e.g., 14.1 T. 


The Magnet 

Until the early 1970s, NMR magnets were either ferromagnetic-core electromagnets or permanent magnets that operated at 
field strengths of 1.41-2.35 T, corresponding to resonance frequencies of 60, 80, 90, and 100 MHz. The first NMR magnets 
based on superconducting magnets were introduced in the 1960$ and allowed access to much higher field strengths that cur* 
rently are as high as 23.5 T (1 GHz). 

The superconducting magnet is the most expensive component of an NMR spectrometer and can cost up to severai million 
dollars. These magnets consist of miles of Nb^Sn or NbTi wlre. When these materials are wound into a solenoid that is rm- 
mersed in liguid helium at 4.2 K, they become superconducting. That is, an electrical current can be induced in them by an 
energizing power supply, and that current will persist for many years even after the power supply is removed. This essentially 
constant electrical current is used to generate high static magnetic fields that can be several ttmes higher than those obtained 
with ferromagnetic-core magnets. Ensuring that the superconducting coil is immersed in liquid helium at all Limes is the only 
maintenance needed to sustain these high fields. 
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Figurę 2 contains a diagram of a typicaf superconducting magnet. The superconducting solenoid is immersed in a liąuid- 
helium Dewar at 4.2 K. This unit is itself contained in a liquid-nitrogen Dewar at 77A K. Each Dewar is surrounded by a vac- 
uumed space and reflective film coating to prevent outstde heat of the laboratory from entering the helium Dewar. The central 
core or room-temperature borę provides room for the stack that contains the shim coils for room-temperaturę shimming. Fi- 
nally the probe is inserted into the stack, Samples are injected or ejected from the probe by means of a jet of filtered and dried 
air or nitrogen. 



5 1 5 F F 


Figurę 2. Schematic representation of a superconducting magnet, 

An important reeent advance in magnet technology has been the eonstmction of shielded magnets with stray flelds that can 
extend only one or two meters from the center of the magnet in three dimensions, thereby making magnet srting a far easier 
task than it was with unshtelded magnets. 

In addition to the main solenoid, the helium Dewar also contains several other superconducting coils that are used to shim 
the main magnetic field as a first step in attaining very high field homogeneity. Further shimming is accomplished by 20-30 
shim coils in the room-temperature shim sfack that is inserted in the borę of the magnet. These coils opera te at ambrent tem¬ 
peraturę and are used to generale smali magnetic fields that oppose and cancel inhomogeneities caused by the surroundings, 
the probe, or the sam ple itself, Computer software has taken over a large arnount of the tedious job of shimming the magnet 
homogeneity, a critica! task for obtaining good NMR data. Using the lock signal from the sample, spectroscoplsts can generate 
a field map for each of the shim coils. Using this map, the Computer then calculates the arnount of current that should be 
applied to each of the shim coils to maximize the magnet homogeneity, Typicalfy this operation takes less than a minutę for 
shimming the on-axis (z* to z 6 ) shim coils. The off-axis {K/y) inhomogeneities can be compensated for in a similar manner but 
usually *n a longer period of time (15-20 minutes) because of the larger number of off-axis coils. 

The Probe 

The NMR probe may be the most important part of the instrument. The probe consists of one or two rf coils. Each coil, 
which is inductive (L), is in a Circuit that contains severaf tunable capadtive (C) elements. These elements are adjusted to ena- 
bte the probe to transmit and receive at the Larmor freguency, v 0 . For a given nucleus, the probe tuning is determined by [v = 
l/(2xr(LC) 1/2 )]. A pulse of rf at the Larmor frequency results in an applied magnetic field To induce a transition, & ; must be 
applied perpendicular to the static field generated by the magnet superconducting coli. The rf coil not only transmits the exd- 
tatton pulse but is also electronlcally switched to receive the rf signal from the sample. 

The most common NMR sample tubę is the 5-mrn (od) NMR tubę. However, probes have been designed in many forms. 
Some probes can accommodate 10- or 20-mm tubes for samples that are not in limited supply, such as petroleum and poly- 
mers. For limited amounts of predous samples, probes have been madę to accept tubes as smali as 1 mm, which can accom¬ 
modate Solutions as smali as 5 pL. Also, flow probes are availabfe to obtam data directly from a liąuid chromatography efflu- 
ent. 

Probes are available in a large number of coil configurations. The most common probe usually contains a broadband ob- 
serve coil that is tunable over a wide rangę of freguencies ( 3t P to 1<J9 Ag), a decoupler (>H) coil, and a coil tuned to deutenum 
(^H) for fie!d-frequency lock. Usually, the decoupler coil is double-tuned for both ] H and ^H. Probe configurations can include 
as many as four channels for multidimensional work with biological macromolecules. 
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The probe can come in a format where the X-nudeus observe-coif (e.g., 3ł C) is wound closest to the sample for highest 
$ensitivity, and the decoupler coil H) is farther away. The inverse configuration is also availab!e to provide the maximum sig- 
nal-to-noise (S/N) ratio for ’H, the detected nudeus in two-dimensionaf (2-D) indirect heteronuclear experiments, such as het- 
eronuclear single^uantum coherence spectroscopy (HSQC) and heteronuclear muitiple-bond correlation (HMBC) where the 
X-nucleus is rndirectly detected via the ] H freąuency. Recent advances in probe technology have resulted in a single probe 
combining the sensitivity of the direct and inverse detection probes described above< Another advancement in probe design is 
the cryogenically cooled probe wherein the rf coils and their preamplifiers are held at dose to liguid helium temperatures (20 
K). Because rf electronics generale lower noise leveis at colder temperatures, S/N ratios can be increased by at least a faetor of 
four in these probes, Because the S/N ratio of a spectrum Is given by where n is the number of acguisitions, an enhance- 
ment by a faetor of four to the initiaJ S/N ratio translates to a savings of 16 in time or to a four-fold reduction in sample size. 

Probes can also be equipped with gradient coils that can apply a magnetic field gradient in the z only or x t y t and z direc- 
tions. These gradients are used to study diffusion or, morę co mm on fy, to be integral parts of pulse sequences because they 
provide an efficient means for selecting spedfic coherences in 2-D eKperiments. 

In addition to the electronic coils, probes usually come equipped with a heater coil that enabfes variable temperaturę work 
from -100° to +150°. Probes also have gas outlets to allow sample insertion and ejection from the probe as well as sample 
spinning. 

For solid-state samples the probes come with cylindrical rotors that are filled with the sample and capped. The entire rotor 
can then be oriented at an angle of 54.74° (known as the magie angle) relative to the magnetic field direction and spun at 
rates up to 70 kHz, Rapld rotation at this angle helps remove the Chemical shift anisotropy and dipolar coupling so that the 
very broad resonances observed in the solid State can be reduced considerably. 

The Console and Computer 

The NMR console has the primary function of generating the varlous Larmor frequencies required for a given experiment, 
amplifying and transmitting these frequencies to the probe, and detecting the resuldng signais that are transmitted from the 
probe so that they can be used to create an NMR spectrum, In addition to these primary functions, the console performs 
many morę operations, all of which are computer-controlled. Figurę 3 contains a schematic diagram illustrating the various 
components of the current majority of spectrometer consoles. 
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Figurę 3. Schematrc diagram of an NMR spectrometer, 

The Computer continually Controls the signal to the lock transmitter ( A ) so the resonance of the lock materiał can be detec- 
ted in the lock recetver to maintain field/f reguency ton troi, The Computer also Controls the frequency synthesizer (B) that gen- 
erates the various freguencies that are dose to the Larmor freguencies of the observed or perturbed nuclei. For a specific ex- 
periment, the Computer triggers the pulse programmer ( Q f which, in turn, sends timing signals (pulse width, phase, and 
shape) to the observer transmitter (£>), the decoupter (£), and the gradient amplifier (F), depending on which of these units are 
needed for that experiment Once the observed nucleus in the probe (G) is excited by a pulse from the observed transmitter, 
the resultant rf signal is amplified In the preamplifier Then the signał is mixed (J) with a local oscillator (0 to generate a 
lower rf frequency, called the intermedia te freguency (IF) that is further amplified (K)> A second mixing stage, this time with a 
different local oscillator (l), results in an audio signal that is then detected in quadrature (M) before being amplified (N), eon* 
verted (O) from an analog to a digital signal, and stored in the Computer After the signal is processed to create a spectrum, 
the digital data can be converted back to an analog signal in a digital-to-analog converter ( P ) and printed. 

The output from the phase-sensitive detector (/W) is the free induction decay (FID), which is a time-domain signal, f(t ) T 

When two detectors are used (M) with their reference freguencies shifted from eaeh other by 90°, freguencies that are posi- 
tive with respect to the reference can be distinguished from those that are negative. This system is referred to as quadrature 
phase-sensitive detection (QPD). Each detector produces an FID, but they will always be 90° out of phase with respect to each 
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other. One FID is called the real FID, and the other is called the imaginary FID. The Fourier transform that is performed in this 
case is cailed a complex Fourier transform. The combination of the reai and imaginary FlDs yields the frequency spectrum, 

F(m). 


F(a)= [' f(t)exp'""dt [8] 

In addition to the Fourier transform process, the Computer h also used for post-acquisition processing of the data. The fre- 
quency-domain spectrum that results from the complex Fourier transform tan then be phased, baseline corrected to remove 
distortions, integrated to obtain peak areas, and peak picked to provide Chemical shift infomnation. The Computer is also tapa- 
ble of proyiding spectra calculated from Chemical shift and coupling values, curve-fitting resonances, and deconvoluting com- 
plex overlapped peaks, Finally, the digital data can be converted to their analog form by a DAC (O) and printed. 

RELAXATION 


NMR i n cl u des two types of relaxation; Spin-Spin Reloxatlon, sometimes referred to as Transverse Relaxation, or J 2 Relaxation, 
and Spin-LoUice Reiaxation, sometimes referred to as Longiludinol Relaxation, or 7, Relaxatton, At ieast two mechanisms contrib- 
ute to Transverse Reloxotion: loss of signal due to B 0 inhomogeneity and the natural relaxation that would take place even in a 
perfectly homogeneous field. The combined effects of these two mechanisms produce a new time constant for the relaxation, 
which is referred to as T*. 

Spin-Spin Relaxation (Transverse Relaxation) 

After an rf pulse, the component of M 0 in the (x,y) piane, M Kyt will gradually decay toward zero. The process is first order, 
and as it is in other types of firsborder processes, the fnstantaneous ratę of decay of is directly proportional to its displace- 
ment from eąuilibrium. The further M xy is drsplaced from zero, the faster it decays, and as it approaches zero it decays morę 
and morę slowly. Hencą Eguatfan 9 appfies. 

ĆM xy / dt (-Mjy) [9] 

The process is analogous to the decay of a radroactive element. Howeyer, spectroscopists do not speak of the ratę of decay 
of an FID in terms of its halMife. instead, they speak of its 1/e-life, that is, how long it takes for the FID to decay to a value that 
equals l/e of its original value at time zero. Standard mathematical manipulations of Eguałion 9 yield 


H y =H,e* P B/r/) [10] 

where is the equifibrium distribution given by Equation 9 1 and T* ts the ratę constant for the decay. T* is a measure of how 
fast the signal decays, not how long it takes to decay. The ratę of decay is fastest immediately after Lhe pulse because then it Is 
furthest from its eguilibrium position, zero. If the ratę remained constant at this initial ratę, Lhen the signal would be complele- 
ly decayed after one 7/. 

Tahle 3 was prepared from Eąuation W. It shows the percentage of remaining as a function of time after a 90° pulse. In 
Tobie 3 time is given as the number of T *s> 


Time/7/ 

0 0 

0.5 

1.C 

TS 

2.0 

3.0 

4.0 

5.0 

% Remaining 

100,0 

60.7 

36.6 

22.3 

T3.S 

S.O 

1.8 

0.7 


Mjy asymptotically approaches zero, and it would take infrnitely long for complete decay, but the decay is normally consid* 
ered to be complete when the time has reached 3 to 5 times 7/, Henoe, these times are commonly used as acguisition times. 
If acguisition times that are shorter than 3 times 7/ are used, the FID is truncated and sub$equent Fourier transform leads to 
yisible baseline artifaets. 

The decay of the FID produees the peak width in the finał spectrum. The faster the decay, the broader is the linę. The math¬ 
ematical relationship is: 


Av r/2 = 1/(n7/) [U] 

where Av U7 is the width of the peak at its half-height. 


Spin-Lattice Relaxation (Longitudinaf Relaxation) 

After an rf pulse, nuclei are exdted from the Iow-energy State into the high-energy State. The nuclei will eventualfy relax 
back to establish fhe Boltzmann distribution (see Equation 5) f and th/s process is called spin-lattice relaxation> The recovery 
process is ffrst-order, and as it is in other types of first-order processes, the fnstantaneous ratę of growth of M? is directly pro- 
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portionaf to its displacement from eguilibrium. The farther M z is displaced from M 0f the faster It grows back, and as It ap- 
proaches M 0 it grows back morę and morę slowly. Hence, Equation 12 appltes. 

dMJdtKiMo-MJ [ 12 ] 

Standard mathematicaf manipulations yield 

M Z =M 0 ( 1 -exp(- t/Tj) [13] 


Notę that Tj is a measure of how fast M z grows back to it is not how long it takes to grow bacie Table 4 was prepared 
from Eguation 13 and shows the percentage of recovery of M z as a function of time after a 90° pulse. In this table, time is given 
as the number of T f s. 


Table 4. Percent Recoyery of M f as a Function of Time, in Units of Ą 


Time/T T 

0.0 

0.5 

1.0 

1.5 

2.0 

3,0 

4.0 

5.0 

% Recovery 

0.0 

393 

63.2 

77.7 

86.5 

95 

98,2 

993 


As M ż asympfoticatly approaches M 0 , it takes inflnitely long for 100% recovery, However, recovery is normally considered to 
be complete when it has reached 99%. Hence, relaxation delays of 5T, are commonly used In pulse sequences. The ratę of 
return to M Q h fastest immediately after the pulse because that is when M 0 is farthest from its equilibrium position. If the ratę 
remained constant at this imtial ratę, then fuil recovery would be achteved after one T,. 

TIP ANGLE 


During an rf pulse, a magnetic field (6,) is applied to thesample, The magnetizatlon vector M precesses about fi, according 
to 


a *i = Y b i [ 14 ] 


where to, is the precessional freguency and B ] is the strength of the magnetic field applied to the sample. During the time that 
the pulse is applied, M precesses to an angle (a) given by tle precessionaf ratę multlplied by the width of the pulse, in time, 
(PW). Then, 


PW*m, = a= PW*yB } [15] 


TEp angles typically are expressed in units of degrees or in radians. For example, a 90° pulse is sometimes referred to as a k/2 
pulse. 


Optimum Tip Angle or Ernst Angle 

Time averaging to improve the S/N rado is accomplishec by a delay-pulse-acguire sequence that is repeated as necessary. 
Suppose that during the first pulse, M Q precesses 30° about B } before the pulse is turned ofT At this time the magnitude of M z 
is /W 0 cos 30°. At the end of the pulse, M z will begin to grow back toward its equilibrium value, M 0 , Typically, the second pulse 
is applied before M z reaches M 0f driving M z down even farther away from M 0 . Conseguently, M z begins to grow back faster 
because it is even farther away from Its equilibnum value. After 6-10 pulses, M z will grow back an amountthat is equaf to the 
incremental displacement ca used by each succeeding pulse and will reach a new equilibrium or steady State, Each succeeding 
pulse continues to tip this new steady-state value of M z by 30°, resulting in signal intensity for each pulse. 

The position of the steady-state equilibrium is determined by three factors: the T f , the tip angle, and the time between pul¬ 
ses. On the one hand, for a glven T f and hme between pulses, if the tip angle is too large then the steady-state vaiue of M £ will 
be close to the origin, affording only a smali signal. On the other hand, if the tip angle is too smali, e.g*, 5°, then the steady- 
state vafue wili be large, but wlth a smali angle the value of M ,sin 5* will afso be smali, again affording a smali signal The 
optimum angle is freguently called the Ernst angle, which is given by: 

cos Oop* = exp(- Pił/Tj) [16] 
a opt = arc co$[exp(-WT ? )] [17] 

where PR is the time between pulses, or pulse-repetrtion time. This time is the sum of the acquisition dme used to collect the 
FID plus any relaxation delay used. This angle provides a reasonably large steady-state vaiue combined with a reasonably large 
angle and will produce the best S/N ratio per unit time. The value of T } to be used in Eąwtion 17 should be for the longest 
relaxing nucleus in the molecuie. 
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RELAX ATION DELAY 

Surprisingly, the optimum S/N ratio per unit time is obtained when no relaxation delay is used for a given T r . That is when 
PR eąuals to AT t the acguisition time. However, because the nudei tn most molecutes do not have the same values, the 
refative intensity reJationship will be tost 

For typical quantitation experiments, a relaxation delay is used and should be at least five times the iongest 7", expected for 
any of the nudei tn the mofecule; and the pulse width shculd be set to 90°, Further detaits are provided in the section Qt/on£/- 
tative Applications. 


RESOLUTION 

In NMR spectroscopy the typical definition of resolution is the ability to distinguish between two dosely spaced resonance 
peaks in a spectrum* The industry standard for measuring resolution is to measure the width of a single peak, in units of Hz, at 
the half-height of the peak* 

The uncertamty principle determines the best resolution that can be achieved in an NMR spectrum. The maximum resolu¬ 
tion possibte, or the minimum separation that can be observed between two frequencies, Av, in a spectrum is equai to the 
reciprocaf of the aequi$ition time, AT, of the FID. 

Av = 1 /At = 1 fAT [18] 

The time set by the spectrometer operator should not exceed the required AT f because this would resuit in the collection of 
only noise after the signal has decayed to near zero. Collecting this noise does not tmprove the resolution. 

POSTACQUISITiON DATA PROCESSING 

The finał appearance of the spectrum can usually be improved by applying a v a nety of mathematical procedures to the FID 
before the Fourier transform is performed. The two most common procedures are multiplying the FID by a mathematical func- 
tion, generally known as a window function; or appending zeros to the end of the FID, generally known as zero fiłling* 

Window Functions 

Two types are generally used: one for increasing the resolution and another for increasing the S/N ratio. 

INCREASING THE RESOLUTION 

The decay of the signal produces a peak width in the spectrum, and if this decay can be removed, then the resonance peak 
would consist of a single point, i.e., an infiniteiy narrow peak. The decay of the signal can be represented by exp(- f/T/). 
Hence the fuli equation representing the decaying signal is 

A(t) = A 0 exp(- t/T/JcosCwf + 0) [1 9] 

If the FID is multipiied by an increasing function that exactly cancels the decay, then the peak width will be removed. This 
can be achieved by multiplying the FID by exp(f/T/). Then Equation 19 becomes 

A(t) - 4 0 exp(0)cos(o>f + 0) = 4 0 cos(cof + 0) [20] 

Unfortunately, the application of this function as described above will also disproportionately increase the noise power at the 
taił of the FID. The S/N ratio in the finał spectrum is so poor that this function is not used without modifications. Typically, the 
beginning of the FID, where the S/N ratio is better, is muftiplied up but then the taił of the FID, where S/N ratio is poorer, is 
multipłied down. Two commonly used functions that accomplish this are the Gaussian function and the transform of reversed- 
added FlDs (TRAF) function for resolution, The latter Is sometimes given the name TRAFR by instrument manufacturers* It af- 
fords the same resolution enhancement as the Gaussian function but with much less degradation in overa1l S/N ratio. Numer- 
ous other window functions have been proposed though not always widely used. It should also be noted that in the guantłta- 
tive experiments increasing the resolution should be used with caution because it may change the accuracy of signal integra- 
tion in the spectrum* 


INCREASING THE S/N RATIO 

The overall S/N ratio in the spectrum can be increased by weighting the points at the beginning of the FID morę highjy than 
at the taił. This is because the S/N ratio is the highest in the beginning and the lowest at the taiL The weighting is often ac- 
complished by multiplying the raw FID by a function that decreases with time. A popular function that gives the greatest in¬ 
crease in the S/N ratio is called the matched fiiter. It weights each point in the FID by an amount proportional to the S/N ratio 
at that point. A function that accomplishes this must match the decay. Hence, the FID is multipiied by exp(- t/77*). 
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The penalty for the use of the matched filter is a loss of resolution that equa[$ a doubling of the peak width. When the origi- 
nai decay is multiplied by the matched fliter, then the new decay is given by the followlng: 

exp(” f/7/) x exp(- t/7/) = 
exp(- 2t/72*) - exp(- t/0.57/} [21] 

The FID then appears to have decayed wlth a 7/ equal to one-half of the onginal, and according to Equation 11 and 18 the 
peak width will double. Mulfcipiying the FID by a steeper decay In an attempt to weight the beginning points eore results only 
in less of an increase In S/N ratio and a greater increase in peak width, 

Another function that accomplishes the same increase in S/N ratio, but without any change in resolution, is the TRAF func- 
tion for $ensitivity, which is sometimes given the name TRAFS by instrument manufacturers. 

Zero Filling 

Spectroscopists can improve the overatl appearance of the spectrum considerably by appending zeros to the end of the FID 
before the Fourier transform is performed. This process results in placing morę points on every resonance peak in the spec- 
trum. The most common procedurę is to append a number of zeros equa! to the number used to coilect the FID. Addtng morę 
zeros will result in only a very sEight further improvement. 

Although al! of the peaks are better defined with zero filling, the resolution is not increased, For example / in a case where 
the separatlon between two lines is doser than the peak widths, only a single broadened linę will result. Zero filling will not 
resolve these peaks—it wili only piace morę points on an afready broadened linę. Onty an increase in the acquisition time of 
the sfgnal or the use of a window function could resolve the peaks. 

Zero filling has a beneficial effect on quantitation. Integration of a digital spectrum is accomplished by taking the fntensity at 
a given point and addtng to it the intensity at successive points, If the number of data points is insufficient to depfct the actuai 
peak shape, the resultant integral of that peak will not be accurately determined. Therefore, zero fi [ling unftl each peak is rep- 
resented by at least 7-10 data points results in a morę accurate integration. To obtain reliable peak representation and quanti- 
tative peak integration there should be at least 4-5 data po nts above the fuli width at haif height of a peak. 

GENERAL PROCEDURĘ FOR STRUCTURE IDENTIFiCATSON 

NMR spectroscopy is a powerful technlque for structure Identification because of its specifidty of detecting certain nuclei 
such as 13 Q 31 P, and 19 F. Typically, a routine identificaticn test can be performed by ł H NMR spectroscopy in a short period 
of time for simpie moiecules. The basis for Identification is provided by a comparison of the signals from the test sample with 
the expected signals from a gualified reference standard. A positive Identification can be concluded when the chemkal shifts, 
mkiltipSicities, and coupling constants of the spectrum of the test sample match those of the reference standard or, in the case 
of a USP monograph, the values listed in the monograph. 

Data may be madę unacceptable for analysis if incorrect sample preparation or poor adjustment of spectrometer parameters 
leads to poor resolution, decreased sensitivity, and spectral artifacts. It is preferable that the operator be famifiar with the basie 
theory of NMR and operation of the spectrometer, Frequent checks of instrument performance are essentlat. 

The procedures discussed here refer specifically to 1 H and U C NMR, but they are applicable, with modifkation, to other nu- 
der. The discussion assumes that the NMR spectra are obtained from Solutions in suitable solvents. 

Selection of Sofvent 

Deuterated solvents are usually used to prepare Solutions for NMR analysis because they are readily avaifable, have greatly 
reduced signals from soivents in ] H spectra, and have the added advantage of providing a lock signal, Select a solvent 
whose residual signals will not interfere with signals of fhe analyte. If a residuaI T H solvent peak might interfere with any 
signals from the sample solutlon and another solvent is not possibie, then the 3 H isotopic purity of the solvent should be as 
high as possibie. Some solvents (e.g., D 2 0 or CD 3 OD) have labile protons that can enter into fast exchange reactions with the 
labile protons in the analyte. This may ellminate resonance signals from -COOH, -OH, and -NH 2 struciu rai groups. The most 
commonly used solvents for proton and carbon NMR are fisted in Tobie 5 along with their residual X H and 13 C Chemical shifts 
as well as the multiplidtles of these resonances caused by coupling to deuferium. 


Tafale S. Solyents Commonly Used for ] H/ T3 C NMR Chemical Shifts 



Residual ’H/ n C Signal (5’'>) 

Solvent 

and Multiplicity 




CDCIj 

7,27 

77.23 (3) 

cd 3 od 

3.35, 4.78 

49/15 (7) 


a Chemical shifts were measured ar 295 K>. 
b 6 in ppm relative to TMS at 0 ppm. 
c LabiEe hydrogen. 
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Table 5. Solyents Commonly Usgd for T H/ 13 C NMR Chemical Sliifts (Coniinued) 


5olvent 

Residual ’H/ 13 C Signal (S^ 15 ) 
and lyiultiplidty 

(CD,),CO 

2.05 

206.68 (1) 

29.92 (7) 

0 ? O 

47 c 


(CDJ ? SO 

2.50 

39.51 (7) 


7.20 

128.39 (3) 

Dioxane-r4 

3.55 

66.66 (5) 

cd ? co 2 d 

2.05, 11.65 c 

173.99 (1) 

20.0 (7) 

(CDOjNCDO 

2.77, 2.93, 8.05 

163.15 (3) 

34.89 (7) 

2976 (7) 


d Chemical shifts were measured al 295 K>. 
b 5 in ppm relative to IMS at 0 ppm. 
c La bile hydrogen. 


Sample Preparation 

For U5P procedures, dlrections are usually given in tndividual monographs. The solute concentration depends on the objec- 
tive of the experiment. Typicaily, NMR sample Solutions are prepared so that fhey contain from a few to 50 mg/mL Detection 
of minor contaminants may requlre higher concentrations. In some cases such as polymers, even higher concentratrons can be 
used. The Solutions are prepared in separate vials and are transferred to the NMR tubę. The volume reguired depends on the 
size of the NMR tubę and on the geometry of the probe. The levei of the solution In the tubę must be high enough to extend 
beyond the coils when the tubę is inserted in the instrument probe. 

The NMR tubes must meet narrow tolerance specifications in diameter, wafl thickness, concentricity, and camben The most 
widely used tubes have a 5- or 10-rnm outside diameter (OD) and a lengtb between 15 and 20 cm, but 1- and 3~mm (OD) 
NMR tubes are becoming morę common, and tubes as large as 20 mm (OD) have been used. 

Procedurę 

The NMR tubę is placed in a probe located 3n the magnetic field. Although samples tradrtionafly have been spun to average 
the nonradial field gradients, the guality of the shim coils no longer makes spinning a requirement, and. En the case of many 2- 
D experiments, the sample should not be spun. The magnetic field's homogeneity is optimized by shimmlng, a function that is 
targely being taken over by the Computer in most modern spectrom eters. Probe tuning is optimized for the frequency being 
observed and is matched to the impedance of the spectrometer. 

The Computer serves to contro! all operations of the spectrometer from running the pulse program to storing and Process¬ 
ing the data. The experimental setup involves selecting vafjes for a large number of variables, inctuding the spectral width to 
be examined, the duration of the excitation pulse (PW), the time interval over which data will be aeguired (AT), the number of 
transients to be accumufated, and the delay between one acquisition and the next (re!axation delay), The acquisition time for 
one transient is on the order of seconds. The number of transients is a function of the specimen concentration, the type of 
nudeus, and the objectlve of the experlment and can vary from a few for most 1 H experiments to several thousand for 
spectra. At the end of the experiment, the stgnal (FID) is stored In digitized form in the Computer memory and may be dis* 
played on the monitor. The signal can be processed mathematically to enhance eitherthe resolution or the sensitivity, and it 
can be Founer-transformed into a frequency-domain spectrum, which can be further anafyzed to obtain peak positions (Chemi¬ 
cal shifts) and intensities. 

Structure Elucidation by NMR 

The simpfest case of using NMR spectroscopy to elucidate an unknown structure is to obtain a match with a spectrum from 
a reference standard or from a database. The informational content of an NMR spectrum is sufficient for deducing structures of 
organie mofeeufes even when qualified reference standards or spectra are not available. Relatively simple structures can be 
identified using Chemical shifts, coupling patterns, and intensities obtained from one-dimensional (1-D) and l3 C spectra. For 
morę complex structures, spectroscopists may have to obtain two-dimensional (2-D) spectra from experiments that have been 
developed to determine homo- or heteronudear connectivities. 

Two-dimensional spectra are characterized by two freguency axes. The Intensity, which is mathematically another dimen- 
sion, is not considered to be a dimension In 2-D NMR because it is not an axis that spreads out the Chemical shift. AU modern 
2-D experiments consist of at least two pulses separated by a time period, labeled t u the evolution period, and a period of 
time used for colfecting the signals, labeled t 2f the detection period. A COrrelation Spectroscopy (COSY) sequence is the sim¬ 
pfest of all and is shown in Figurę 4 . 
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Figurę 4. Pufse sequence for a COSY experiment. 

A series of such seguences is performed using an incremental increase in the evolution period. Fourier transforms of the FlDs 
produced during each of the t 2 detection periods are stacked, a seeond Fourier transform is performed afong this t r new axis, 
resulting m a plot of amplitudę along two freguency axe$, F ż and F,. 

The next slmplest addition to the COSY sequence is another pulse* The Nuclear Overhauser Effect SpectroscopY (NOESY) 
seguence is an example and is shown in Figurę 5. 



Figurę 5. Pufse seguence for a NOESY experiment. 

The evolution period is again the time between the first two pulses and is incremented as in the COSY experiment. The time 
between the seeond and third pulses is fixed and is not incremented. This period of time is labeled r m and is called the mixrng 
time* Cross-polarization occurs during this period* 

The COSY and NOESY sequences described above are the two simpiest 2~D experiments to perform. Many other expen~ 
ments have been developed and contain a very compficated senes of pulses with different pufse widths, time delays, gated 
decoupling, and pufsed field gradients. Some of these experiments are described below* 

Strategies for Establishment of Homonuclear Connectivities 

Asslgning signals based on Chemical shifts, spin multsplidty, and coupling constants serves as a starting point for structuraf 
eluddation. Struć turę elucidation is simplified if one can establish molecular connectivity between homonuclear spins* This can 
be done using correlations via bonds (scalar coupling, sometimes referred to as j coupling) or via spadał (dlpolar coupling) 
interactions. This section describes NMR technigues that can be used for the study of homonuclear connectivity, Popular ex- 
periments in this category are COSY, total correlated spectroscopy (TOCSY), NOESY, and rotating frame Overhauser effect 
spectroscopy (ROESY). 
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COSY 

COSY has become a routine 2-D *H NMR experiment that can quickły prov!de the proton-proton connectwity for spin Sys¬ 
tems connected by two or three Chemical bonds. In a COSY spectrum, the contour pfot typicaliy shows diagona! and ofhdiag- 
onal cross-peaks. The diagona! peaks correspond to the piaces In 2-D space where Chemical shlfts of the same nucleus In the 1- 
D ] H NMR spectrum intersect. The off-diagonal cross-peaks occur in 2-D space where the Chemical shift of one nucleus Inter- 
sects the Chemical shift of a different nucleus to which it is coupled. The COSY spectrum enables the identification of scalar- 
coupled spins that are in geminal or vicinal positions. Generally, one starts the assignment process by seiecting a resonance In 
the COSY spectrum that has already been Identified in the 1-D NMR spectrum. Then, the off-diagonal peaks between this 
resonance and any others determine fhe resonances of fhe neighboring protons to which it is coupled. The neighborlng pro- 
tons rdentified in thfs way then serve as the next points to examine for cross-peaks to other protons, and so forth. The process 
continues until all coupled spin systems are identified. 

Thus, a COSY experiment can provide useful Information about proton-proton tonnectivity for various fragments of the 
molecufes under examination, The relatlonshlp between these fragments may be difflcult to establish because of an mterrup- 
tion of the coupting between the two fragments. For instance, if two segments are connected through quatemary carbons or 
heteronudei, the very smali four-bond coupling between two protons on the two separate fragments usually can not be detec- 
ted by COSY, Basic COSY expenments are usually processed using magnltude modę, which results in broad bases to the peaks. 
The diagonal peaks may be so broad that spin systems with dose Chemical shlfts may not be observable because the broad- 
ness of the diagonal peaks will cause them to overlap the off-diagonal peaks. An example of a COSY experiment, specificafly a 
gradient, or gCOSY, is shown in Figurę 6. 



Figurę 6. Partia! COSY spectrum of sucrose. Dotted lines show how two off-diagonal (f3, f4 and g2, g3) contours are used to 

determine which nudei are coupled to eath other. 

A varlety of COSY experlments have been devised to improve upon the odginał experiment. Perhaps the most rmportant 
change has been to use gradients to acguire a gCOSY spectrum. The classic COSY experiment uses a 90° pulse to generate 
transverse magnetization and relles on elaborate phase cyding to cancel unwanted signals over many seans, resulting in long 
experiment times. In a gCOSY experiment, which requires a probe capable of a pulsed field gradient (PFG), a magnetic field 
gradient pulse dephases any coherent magnetization in the xy piane. If a second gradient pulse of the proper strength is ap- 
plled in the opposite dlrection, it will cause any dephased doub[e-quantum magnetization to refocus. Hence, only those sig¬ 
nals will be received. The strengths of the gradients can be used to select single-, double- or tnple-guantum coherences. 

The gradient pulses in a gCOSY experiment can be used to prevent the refocusing of magnetizations that cause the artifacts 
in the classic COSY experiment, Hence, instead of reguiring a minimum of eight phase-cycled acquisitions foreach data inere- 
ment in the second dimension, a gCOSY spectrum requires only a single aeguisition per Increment Forsamples that are suffi- 
ciently concentrated to produce an acceptable S/N in only one acquisition, this greatly shortens the experimental tlme. 

Phase-sensltive COSY experiments have been devefoped to overcome the problem of overfap with dosely spaced Chemical 
shlfts. A phase-sensitive COSY results in pure absorptive peaks with narrower peaks than are generated by the tlassic-magni- 
tude COSY. These narrower peaks allow better resoiution of resonances that are dose to diagonal peaks. 















































USP 40 


General Information / <1761) Applications of Nuclear Magnetic Resonance Spectroscopy 2129 


Double-quantum filtered COSY (DQF-COSY) was developed to overcome the problem caused by intense signafs from func- 
tśonaf groups such as methyls. The singlets from these groups do not provide useful connectivity information, but their intensi- 
ty often limits the dynamie rangę of the expenment, making it difficult to observe other weaker signals, The pulse seguences 
of DQF-COSY detect the spin systems that have only double-quantum transitions, Isolated singlets are not selected and tlius 
are filtered out of the finał 2-D spectrum. In addition, a reduction in the overall intensity of the diagonal signais is achieved 
with an inerease in the intensities of off-diagonal signals, 

TOCSY (OR HOHAHA—HOMONUCLEAR HARTMANN HAHN) 

The TOCSY experiment is closely related to COSY but dtffers because it yields correlations for every spin in a coupled 
network. This is especially useful when multiplets overiap or there is extensive strong coupMng. For example, consider the net- 
work -CHa-CHb-CHc-CHd-CHe-, where each CHn stands for a spin that is coupled through three bonds to the adjacent spin. 
A COSY spectrum would show correlations for each adjacent pair of hydrogens, On the one hand, the Hb resonance would 
show connectivities to Ha and Hc but not to Hd. A partial correlation is revealed for each CHn. On the other hand, a TOCSY 
spectrum would show all off-dtagonal contours for every spin in this network. That Is, for every peak in this coupling network 
there would be off-diagonal contours corresponding to CHa, CHb, CHc, CHd, and CHe. Thus, a TOSCY spectrum, such as the 
one shown in Figurę 7 f affirmatively identifies all of the sptns within the same coupling network. This pattern is easify recog- 
ntzed, especially when there is extenslve overlap with other coupled networks, However, a TOSCY experiment cannot establish 
connectivity between separata networks that are mterrupted by heteronuclear atoms, guaternary carbons, or a carbon bearing 
only exchangeable protons. A TOCSY experiment is useful for the study of large molecules with many separated coupling neb 
works such as peptides, proteins, oligosacchandes, and polysaccharides. 



Figurę 7. Partial TOCSY spectrum of sucrose showing two sets of contours corresponding to alf the coupled nuclei in the 
glucose and fructose rings in sucrose, The contour for the fi resonance falls within the glucose spin system and has no cou¬ 
pling. 

NOESY 

The NOESY experiment gives correlations between protons that are ciose to each other in space even though they may not 
be connected by bonds, These through-space correlations are madę via spin-lattice relaxation. Dipole interactions between 
protons close in space generate NOE transfery and the magnetization is aligned along the zaxis (fl 0 ), producing positive or 
negative intensity changes that yield cross-peaks that are not normally observable in a COSY spectrum. The sign of the NOESY 
peaks depends on the size and mobili ty of the molecule under study, Used in combination with other teehmques, a NOESY 
experiment can establish spatial relations for particular spins and can provide critical Information about ring structures and 
conformations. 
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1 H— 1 H ROESY 

The ROESY experiment Es similar to a NOESY expenment insofar as it also provtdes correlations between proton s that are 
dose to each other In space, whether or not they are connected via bonds. A ROESY spectrum yields through-space correla¬ 
tions via spin-spin relaxation in the rotating tramę. The ROESY experiment utilizes a spin-lock sequenee as a mixmg time dur- 
ing which NOE transfer occurs among all components of Lhe spins locked in the xy piane. In contrast to a NOESY expenment, 
in which NOE transfer occurs while magnetizations are algned along the z axis ( B 0 ) produdng positive or negative intensity 
changes, the ROESY experiment depends on NOE transfers occurring in the rotating frame under the influence of a B } magnet- 
ic field. Tliis always resuits in positive signals no matter how farge the molecule or whether its motion is fast or slow. Therefore, 
a ROESY experiment freguently will provide through-space correlations when the same correlations in a NOESY experiment 
cannot be deteeted because of molecule moblltty. 

INCRED1RLE NATURAL ABUNDANCE DOUBLE QUANTUM TRANSFER EKPERIMENT 

The Incredible Natural Abundance Double Quantum Transfer Experiment (INADEQUATE) uses a double quantum coherence 
to provide rnformation about n C nuclei directly coupled to other U C nuclei. Thus it provides the same sort of Information that 
is avai!able using a COSY expenment for proton couplings, Because of the Iow probability of two li C nuclei being attached to 
each other (only 1 tn 10,000 molecules), this technlgue is usually one of last resort. The ever-increasing sensitivity of cryogeni- 
cally cooled probes used in modern Enstrumentation makes this expenment practical in some cases, 

Strategies for Establishment of Heteronuclear Connectivities 

Although homonudear connectivity is one important aspect of structure elucidatlon of organie molecules, the estab¬ 
lishment of heteronuclear connect!v3ties is egualiy important, although somewhat morę difficult to obtaln given the lower 
abundance of most heteroatoms* If one has partia! assignments in either the l H or l3 C spectrum, the knowledge of 
nectivity leads to a much fuller assignment of both spectra. Heteronudear 2-D spectra do not exhibit a diagonal as 
homonudear correlations. Rather, cross-peaks occur at the point of intersection of the r H and 13 C Chemical shlfts in 
space as shown in Figurę 8 . 



Figurę 8. Partial 'H/^C HSQC spectrum of sucrose showing contours that indicate the one-bond correlation between a given 

hydrogen and the carbon to which it is attached. 

Heteronuclear 2-D spectra are designed so that is the deteeted nucleus and are usually acquired using lnverse- 
detection probes because the coil is wound closer to the sample than the broadband coli This resuits in a better filllng 
factor and a greater sensitivity for the ] H coil. It shouid be noted that a newer configuration of coils has been developed that 
provides the same sensitiyity but does not utilize the inverse-detecfion coil arrangement. Typical heteronuclear 2-D experi- 
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ments include Heteronuclear Single Quantum Coherence (HSQC), Heteronuclear Muftiple Ouantum Coherence (HMQC), and 
Heteronuclear Multiple Bond Correlation (HMBC) experiments. 

HMQC 

The 2-D HMQC experiment provides information about correlation between protons and their attached heteronudei via the 
heteronuclear scal ar coupling. The sequence selects double quantum coherence transfer between scalar-coupled spins 
C 15 C^H)* 


HSQC 

HSQC spectroscopy is also an inverse Chemical shift correlation experiment that ytelds the same information as HMQC, i.e„ 
the identifkation of directly bonded hydrogen-carbon interactions. The correlation between heteronudei is detected via the 
selection of single quantum coherence transfer using the insensitive nuclear enhancement by polarization transfer (fNEPT) se- 
guences. The main advantage of using this sequence instead of the HMQC sequence is that the ^ domain does not contain 
any proton-proton couplings. Hence, the resolution is improved. 

An interesting modification of this sequence is an edited HSQC experimenf, This is a phase-sensitive experiment that not 
only gives one-bond correlations between hydrogen and carbon but also gives methyl and methine correlation peaks that are 
180° out of phase with methylene resonances, 

HMBC 

HMBC spectroscopy is a modified version of HSQC and is suitable for determining long-range (> 1 -bond) 1 H- 1 *C connectivi- 
ty. Long-range heteronuclear correlation spectroscopy can yield signals for those nuclei that are separated by 2-4 bonds, This 
experiment, in conjunction with the other 2-D expenments discussed above, allows one to define the structure of a molecule 
in great detaiL 

QUANTITATIVE APPLICATIONS 

NMR is one of the most useful techniques for quantitative analysis in chemrstry, ff appropriate experimenta) conditrons are 
chosen, the relative intensities of resonances are proportional to the population of the nucie! causing those resonances, NMR 
experiments can be designed for relativeor absolute quantitation, either with an intemal standard or without one. 

Experimentaf Design for Quantitative NMR 

Design for quantitation involves the elłmination or precise measurement of differences in intensities due to spin-lattice refax- 
ation and NOE, The spindattice relaxation time (T f ) for ail resonances used in the procedurę can be measured with an inver- 
sion recovery pulse seguence. If a 90° pulse Is used for excitatian, quantitation atthe level of 99.3% may be achieved with a 
recyde time, 7, (the sum of the relaxation delay and aquisitton time), of 5 x T Jf and improved to even higher levefs by using 
longer recyde times or shorter pulses. The genera! eguation for the degree of quantitation, Q, of a resonance as a function of 
the pulse angle, a, and T„ and T t is given by: 

q= i-i 2—T1 L(cc)i I22) 

If a 45 6 excitation pulse is used, with a [ f = 5 T u Q - 0.998, However, the accuracy of quantitation in the finał spectrum 
depends not only on the Q values of the resonances but also on the accuracy of the integration method and on the S/N ratio 
in the spectrum, Hence, Q values somewhat less than unity may be warranted and other angles and recyde times should be 
used. 

The minimization of systemattc quantitation bias should be sufficient for the intended use of the procedurę. Alternatively, 
quantitative procedures may be developed using conditions for which Q is not unity for some or all resonances, provided the 
value of Q is precisely known and corrected for. 

For quantitative methods using heteronudei, the possibiliły of dffferential NOEs should be avoided by using a T r at least 5 
times the longest 7, value and by using inverse gated decoupfing (decouplergated on only durtng the acquisition time). Pref- 
erably, 90° pulses should be used. For quantitative methods, relaxation agents are often used for shortening the T t values of 
heteronudei. 

The reproducibility of an NMR method depends on a varrety of acguisrtion and processing parameters, all of which should 
be described in the procedurę. These include pulse angle, acquisition time, relaxation delay, spectral width, number of points 
in the FID, number of acguisitions, number of points used (if any) for zero filling, linę broadening, baseline correction, integral 


General Chapters 





General Chapters 


21 32 (1761) Applications of Nuclear Magnetic Resonance Spectroscopy / General Information 


USP 40 


breaks, and temperaturę. For best reproducrbility, mfegral breaks shoułd be specified to 0,01 ppm for ł H NMR methods and to 
OJ ppm for 13 C methods, 

Quantitative anaiysis, as well as detection of tracę impurities, has markedly improved with modern instrumentation, Stron- 
ger magnetic fields and improved probe technology have enhanced the sensitMty of NMR procedures in recent years. 

SOLID-STATE NMR 

The anafytical usefufness of solid-state NMR spectroscopy for studying solid materials łies in the fact that the same types of 
nuclei in different solid-state erwironments exhibit different resonance frequenaes, Applications of this technique in pharma- 
ceutical analysis rangę from solid form (polymorph, sofvate) Identification and quantitation in bulk drug substances to physi- 
cal/chemical profiling of dosage forms. The technique has the unique ability to probe eleet ronić environments of specific nu- 
dei tn the solid State over a Jarge timescale without the requirement of single-crystal substrates or even homogeneous sampfes, 
Methods and procedures presented herein are directed at observing n C, the most popular NMR nucleus for solids, The con- 
cepts may be equally applied to other relevant spin-1 /2 nuclei such as low-natural-abundance 1S N as well as high-natural- 
abundance 

Cross-Polarization Magie Angle Spinning (CPMAS) NMR Techniąue 

The basie principles of NMR are the same for solution and solid-state measurements, but conventional solution-phase 1-D 
NMR data acquis*tion techniques do not normally produce detectabfe spectra for solid samples because of Iow sensitMty and 
extensive linę broadening. The sensitMty of the solid-state experiment is Iow for 13 C based on its 1.1% natural abundance and 
long spin-lattice (T } ) relaxation limes. Linę broadening arises primarily from dipole-dipole interactions and Chemical shift ant- 
sotropy (CSA), which are not averaged to zero because of the fixed orientation of molecules in a packed solid sam ple vs the 
rapid molecular tumbling of the molecules when they are in solution. !f not averaged, CSA results in the srmultaneous observa- 
tion of ali different orienfations of molecules with respect to the applied magnetic field. CSA patterns may span the width of 
an entire liquid spectrum, Three modffications to standard solution methods—cross-polarizatton (CP), magie angle spinning 
(MAS), and high-power ] H decoupling—are routinely used in combination to obtain high-resolution solid-state NMR spectra. 

CROSS-POLARIZATION (CP) 

CP addresses the Iow sensitMty associated with coflecting NMR spectra of dilute spin-1/2 nuclei such as 13 C CP is a double- 
resonance procedurę wherein abundant 'H and rare 13 C spins are brought into resonance by simultaneously applying two 
spinJocking rf fields ( B w and the magnitude of which will satisfy the Hartmann-Hahn matching condition, 

ytfim=yc B tc [ 2B 1 

During this contact time, polarization transfer occurs allowing the rare 13 C spins to take on the magnetization and relaxation 
behavtor of the abundant ’H spins, leading to a sensitivity enhancement (up to four-fold based on the ratio of the and 13 C 
magnetogyric ratios) and a reduetion in the pulse repetition time. Reductng the puise repetition time allows a greater number 
of aquisitions to be accumulated per unit time, which yields a better S/N ratio. In instances where it may be difficuit or impos* 
sible to record CP spectra because of weak 13 C- T H coupiing or short spin-lattice reiaxation times in the rotating frame ( T UH ), 
direct polarization {Bloch decay) may be the only approach to recording solid-state NMR spectra. 

MACIC ANGLE SPINNING (MAS) 

Linę broadening in solid-state NMR is eliminated or averaged by both MAS and high-power r H decoupling. MAS involves 
mechanically rotating the sample at an angfe of 54,7° (the magie angle) relative to the static magnetic field in order to simu* 
iate rapid molecular tumbling in solution. Rotating a solid sample at the magie angle to minimize linę broadening reguires that 
the sample be spun faster (in Hz) than the width of the CSA, High spinning rates are posslble wfth current MAS probe technol¬ 
ogy, but compfications can arise with CP and may require techniques such as ramped-ampiitude CP (RAMP-CP) and variable- 
amplitudę CP (VACP) to improve the efficiency of magnetization transfer from 1 H. Additionally, MAS can raise the sample tem¬ 
peraturę sfgnrficantly ff it is not controlled, and pressures at the periphery of the rotor may be thousands of times the ambient 
pressure, These stresses may induce phase transformations, loss of solvent, and other effects, 

SIDEBAND SUPPRESSION 

As shown in Figurę 9, slower spinning rates can be used to avold compromistng the solid sample, but when CSA is incom- 
pletely averaged, spinning sidebands will appear in solid-state NMR spectra. These artifacts are separated from the center- 
bands by integer multiples of the spinning ratę (in Hz) and can be readify identified as the peaks that shift in spectra acguired 
at different spinning speeds. Spinning sideband manifofds contain usefuf Information but can interfere with the signals of inter- 
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est and may be particularly problematic when one uses higher field instruments, The tota) suppression of spinning sidebands 
(TOSS) procedurę is commonly used to eliminate spinning sidebands from soiid-state NMR spectra. 
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Figurę 9, T3 C CPMAS NMR spectra of polycrystalline a-clycine collected at different sample spinning (MAS) rates. Spinning 

sidebands appear in soiid-state NMR spectra when the sample spinning freąuency is less than the width of the CSA pat tern. 

HICH-POWER DECOUPLING 

High-power T H decoupling Is used to further reduce the linę broadening from dipoJar coupling to ( H spins in the solid State, 
Specialized hardware is reąuired to deliver the rf power needed for ] H decoupling in solids, an rf power that is two orders of 
magnitude greater than that requtred to remove scalar coupling in liguids, CW decoupling is commonly used In soiid-state 
NMR, although two-pufse phase-modulated and smali phase incremental alteration (5PINAL-64) decoupling are increasingly 
used to improve the sensitivlty and resolution of dilute spin spectra. 

Typically only T H- T3 C heteronuclear dipolar mteractions are srgnificant when one acguires soiid-state 13 C NMR spectra of or¬ 
ganie materials. Homonuclear 13 G- 13 C dipole-dipole and scalar coupling interactions are negltgible. Because of their Iow natu¬ 
ra! abundance, the probability that two U C nuclei are in dose proximity is very smali, However, homonuclear 13 C- U C dipolar 
coupling can be a concern for * 3 CMabeled substrates. 

EXPERIMENTAL SETUP 

The basie setup for a CPMAS experiment will necessanly indude magie angle setting, shimming, pulse calibration, Hart- 
mann-Hahn matching, and spectraI referencing, each of which is typically conducted on standard samples, Accurate measure- 
rnerit of the pulse lengths and associated rf power levels is essential for soiid-state NMR experiments ł Setting up the magie 
angle, shimming a CPMAS probe, and measuring lis sensitivity for different tuning ranges are parts of probe setup and per¬ 
formance assessment. Shimming a soiid-state NMR probe for MAS is morę complicated than that for a solution probe because 
shim gradients are designed for the vertical orientation of solution NMR tubes, Soiid-state NMR probes have no 2 H lock chan- 
nel, so shimming must be performed manually. Because of the intrinsically broad peaks, shimming is not nearly as critical in 
soiid-state NMR as it ts in solution NMR, 

Standard compounds used for setting the magie angle and optimizing pulse lengths and the associated rf power levels for 
CP are listed in Table KBr Es commonly used for magie angfe adjustments, observing the resonance and adjusting the 
sample spinning angle to maximize (to 10 ms and beyond) the duration of the rotational echo train in the FID. Liguid samples 
can be used to shim soiid-state NMR probes, although solid adamantane is commonly used for thls purpose, Adamantane, 
glycine, and hexamethylbenzene (HMB) are commonly used for Hartmann-Hahn matching and testing sensitmty. Typically, 
the reference sample for testing sensitivity is permanently packed into a rotor to ensure that the same amount of sample is 
used. 


Table 6. Standard Samples Commonty Used for Setting Up CPMAS Eaperlments 


Setup Procedurę 

Nucleus 

Standard Sample(s) 

Setting the magie angle 

7 *Br 

KBr 

Shimming 

13 C 

adamantane 

Pulse calibration 

T h, 

adamantane, HMB 
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Table 6. Standard Sam pies Commonly Used for Setting Up CPMAS Experiments (Continued) 


Setup Procedurę 

Nudeus 

Standard Sampie(s) 

Hartmann-Hahn mstching 

VH/ I3 C 

adamantane, HMS 

SensitMty 

13 C 

HM6, adamantane, a-glyerne 


Solid-state NMR spectrometers are generally used without field/frequency tocking, so the resulting Chemical shifts are less 
accurate than those for Solutions. Calibration of the Chemical shift tan be done using either a primary or secondary standard. 
Spectral referencing is typically performed by sample replacement (external referencing). Standard compounds commonly 
used for spectral referencing In sol id-sta te NMR are listed in Tobie 7. Notę that glycine is polymorphic, so its ery stal form 
should be ensured before its use in referencing spectra. 


Table 7. Reference Compounds Commonly Used for Sołid-State NMR 


Nudeus 

Primary Standard 

Secondary Standard(s) 

Chemical Shift 
in ppm from 

Primary Standard 



HMB 

1 735 (CHj) 



adamantane 

38,48 (CH 2 ) 

n C 

TMS 

a-glyerne 

176.45 (carboxyl) 



nh 4 1 s no 3 

-5,1 (N0 3 ) 



,5 nh 4 ci 

-338 A 

1S N 

nitromethane 

u-glydne- ls N 

-349.5 

31p 

85% H 1 P0 4 

CaHP0 4 ■ 2H ? Q (brushite) 

1.4 


TMS 

tetratri methy Isi ly 1 m ethane 

-1.4 


CF,CJ 

perf luo robenze n e 

-166.4 


General Test Procedurę 


Spectrometer performance should be demonstrated first for a reference sample as described in Cross-Polarization Magie An* 
gle Spinning (CPMAS) NMR Technique t Experimentai Setup l The magie angle, pulse lengths, and associated rf power levels for CP 
that are established using the reference compounds are sample independent. To obtain a CP spectrum of the sample, only the 
reeyele delay needs to be chosen, followed by the contact time. When quantitative signal intensities are not requtred, an opti¬ 
mum recycle delay, i,e., one that affords the best S/N rado, is 1 .2T JMi and the contact time is generally that which provides the 
optimum S/N ratio or that which best shows the features of most interest For quantitative CP, a recycle delay of at least five 
times the longest T IH of a heterogeneous mixture is suggested to ensure fuli relaxation, and a fuli analysis of the CP signal as a 
function of contact time must be conducted. See the subsechon Quontitative Analysis. 

SAMPLE PREPARATION 

Sample-handltng procedures used in solid-state NMR are substantially different from those used In liguid NMR. Solid sam- 
pies are packed in ceramic rotors that are capped wlth flu:ed drive tips specifically designed for MAS. Fine powders are typical¬ 
ly tamped into MAS rotors, although solid plugs, e.g., whole tablets, can be cut to fit the exact inner dimensions of the rotor 
and can be inserted directly into the rotor. Crushing or grinding may be used to reduce the sample to a fine powder, but 
caution should be used in order not to induce phase transformatom. Depending on the compressibillty of the powder and the 
rotor volume, 40^100 mg of materiał is typically required to fili a sample rotor. 

Physical Characterization 

Specific eomponents in heterogeneous systems can be searebed based on unlque nuclei or different NMR relaxation proper- 
ties, The Identification of crystalline and amorphous materials can be accomplished by comparison of the solid-state NMR 
spectrum of the sample preparation with that of a reference standard, Chemical shifts and reJative peak intensities can be used 
in the comparison. Amorphous materials generally give good MAS spectra with bmader peaks than those seen for crystalline 
materiafs. Highiy crystalline samples typically give U C finewidths of the order of a few tens of Hz. The shape of the signals 
generally is between Lorentz! a n and Gaussian, a fact that should be recognized in deconvoluttng overlapped spectra. 

Relaxatfon 

RelaxatIon parameters of interest in solids Indude spin-fattiee relaxation (T f ), spin-lattice relaxation in the rotating frame 
( T h ) f spin-spin relaxation { T 2 ) f and cross-relaxation (T c/1 ), In organie solids, T H spin diffusion is generally effident so that pure 
compounds normally glve single values for each of the relaxation times, T } and T 1pę For CP experiments, T }H is used to establish 
the recycle delay between acquisitions. T w relaxation times can be measured using either progressive saturation or inversion 
recovery puise sequences. In CP experiments, Tcp and T i/rH characterize the magnetizatlon build-up and decay, respectively. 

















USP40 


General Information / (1 771) Gphthalmic Products 21 35 


T JpH is measured via the n C signal using a delayed contact CP pulse sequence that has a variable delay time before the CP 
contact. 


Quantitative Analysis 

To quantitatively assess solid-state NMR spectra under CP conditioriś, extra measures must be taken, In addition to ensuring 
that the sample spinning axi$ is predsely set to the magle angle (54,7°) to minimize CSA broadening, the temperaturę and 
spin ratę must be carefully controlled and the MAS probe properly tuned. Suggested recycle delays of 57" m are allotted be- 
tween successive pulses to ensure that the magnetization has returned to its fuli eguilibrium vafue, Both T CP and T iffH relaxation 
must then be accounted for in the selection of the contact time, TypicaUy, the CP contact time chosen is that which provides 
maximum senskivity for the signals of interest. Quantitative analysis can be performed using either internaI or external refer- 
encing methods. The use of internal standards can compensate for variabi lity in sample volume and f?, inhomogeneity 
throughout the sample. 

By properly setting data aeguisition parameters (recycle time, pulse widths, contact time, Hartmann-Hahn matth, and de- 
coupling power for each Chemical system), signals can be obtained that are proportional to the number of nuclei producing 
them. For quantitative analysis, integrated signa! intensltles should be used rather than peak heights because linewidths in sol- 
id-state spectra often vary, When spinning sidebands are not eliminated by MAS, the intensity of the spinning sideband mani- 
fold must be added to the centerband intensity, 

Spectral Editing 

A key step in the analysis of any NMR spectrum is the assignment of indMdual resonances to unique phases and, in some 
cases, to specific atoms in the molecule. Special pulse sequences are available and may assist in simplifying CPMAS spectra and 
assigning signals. Dipolar dephasing, also known as nonąuaternary suppression or interrupted decouplmg, yields spectra that 
typically contain signals only from ąuaternary and methyl carbons. Spectra! subtraction of dipolar dephasing spectra from nor- 
mai CP spectra or short contact time CP may be used to produce subspectra that contain signals from methylene and melhine 
carbons only. Polarizatlon-inversion techniques can be used to identify methylene and methine carbons, 

LOW FIELD NMR 

Iow field NMR (LF-NMR), sometimes referred to as time domain NMR (TD-NMR), experiments are performed by measuring 
re!axation, relaxometry, or diffusion. Instrumentation for Lhese applications is based on Iow-fieid permanent magnet technolo- 
gies that operate in the 2-25 MHz freguency rangę. Inexpensive stationary bench-top and portable TD-NMR spectrometers are 
commercially available. Typical borę sizes are 10-50 mm in diameter. A recent development in spectrometer design uses a 
mobile mouse probe as an alternative to a stationary magnet. This design allows analysis of sam pies of unrestricted size. 

Most TD-NMR applications are based on simple pulsing sequences, including FID, Hahn-echo, Carr-Purcell- 
Meiboom-Gill, and solid-echo acąuisition. The choice of pulse sequence depends on the physical and Chemical properties of 
the sample as well as the information that is clestred from the experiment. These systems can be used to measure longitudinal 
(spm-lattice, T,) and tran$verse (spin-spin, Tj) relaxation times. Diffusion properties of compounds can be exploited using 
pulsed field gradient (PFG-NMR) experiments. 

The classical application of relaxometry is for the determination of food product components based on differences in longt- 
tudinal and transverse relaxation times of water, fats, and proteins. 

Relaxivity 

The magnitude of a substance's capacity to enhance the relaxatk>n ratę of a nucleus ?s referred to as relaxivity, expressed in 
units of sec^mM- 1 . An example of such a substance commonly used fn NMR spectroscopy is paramagnetic chromium acetyla- 
cetonate, Paramagnetic spedes are used in the medical industry as contrasting agents for magnetic resonance imaging, The 
relaxivity of a substance i$ determined experimentally by measuring the spin-Iattice relaxation time (T f ) of a test substance and 
plotting 1 /F ; against the concentration in unrts of mM (mmol/L), The slope of the curve is the numerical relaxivity. 


<1 771) OPHTHALMIC PRODUCTS—PERFORMANCE TESTS 

(NTRODUCTION 


This chapter provides information on performance tests to assess drug release from finished ophthalmic produets. These 
tests are applicable to products that have an extended-release mechanism (beyond 1 day); the dissolution/drug release ratę is 
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ratę limitlng for absorption and is expected to provtde a controlled therapeutic response. Exampfes of such products include 
intraocular matrlx-type and polymer-based bioerodible implants, non-bioerodible intraocular matrix and reservoir implants, in- 
traocular injectable suspensions/colloidal systems, intraocular in situ-forming depots and gels, punctual plug-based delivery 
systems, non-btodegradabfe dmg release devices (e.g., drug-coated stents, drug-coated contact fenses), biodegradable and 
non-degradabJe ocular inserts/bioadhesives (for cul-de-sacor conjunctival-sac applicattons), and other such dosage forms. For 
products having a localized and immediate response wher applied to the eye (e.g., topically applied dosage forms, induding 
dispersed systems, having very short residence time for absorption), a dissolution/drug release test may have no practical val- 
ue, 

Application of a dissolution/drug release test to assess performance as a surrogate for in vivo testlng should be considered 
only with appropnately validated in vivo-in vitro correlations (see in Vitro and In Vivo Evaluation of Dosage Forms (1088)). Disso- 
iutton/drug release tests are used as a guality control tool for specific product attributes (e.g., burst release from matrix-type, 
biodegradable, polymeric Systems). These tests may have the ability to distinguish between different lots of a drug product 
having one or morę formulation and/or proces* changes. 

Changes may be refated to the drug substance(s) or excipients present in the formuiation, physical and/or Chemical attrib¬ 
utes of the finlshed formulation, critical manufacturing var:ables, shipping and storage effects, aging effects, or other formula- 
tion and/or process factors critical to the performance of the ophthalmic product. Such changes may affect the performance 
characteristics of the dosage form when applied to the eye. Consideration should be given to whether processing or compo- 
nents are intended to provide for prołonged exposure to any part of the eye and whether a dissolution/drug release test could 
be used to demonstrate thrs effect. 

PERFORMANCE TESTS (DISSOLUTION/DRUC RELEASE) 

Depending on the design and release mechantsm of the dosage form, the dissolution/drug release test can be developed 
using any apparatus described in Dissolution (711) or Drug Release (724). Novel dosage forms may require the use of noncom- 
pendial eguipment and/or conditions. Any dissolution/drug release test should be discriminative for the intended critical quali- 
ty attributes of the product and should be properly va I id a ted (see The Dissolution Procedurę; Development and Vaiidation 
(1092)). The test conditions should reasonably mimie the method of administration of the product and in vivo conditions to 
establish, rf possible, an in vivo-in vitro correlation that can be used to predict in vivo performance of the product. 
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1. INTRODUCTION 

2. DEFINITION OF V!BRAT10NAL CIRCUUR DICHROISM 

3. VCD INSTRUMENTATION 

4. MEASUREMENT OF VCD SPECTRA 

5. QUAUTATIVE AND QUANTITATIVE ANALYSIS 

5.1 Ensure That Signs and Intensities Are Correct 

5.2 Determination of the Noise Level at Each Point in the Spectrum 

5.3 VCD Saseline Accuracy 

5.4 VCD Baseline Absorption Artifacts and Slngle-Enantiomer Measurement Capability 

5.5 VCD Measurement Stability and Noise Leve! Reduction 

6. DETERMINATION OF ABSOLUTE CONFIGURATION 

7. CALCU LATI ON OF VCD SPECTRA 

8. COMPARISON OF MEASURED AND CALCULATED SPECTRA 

8.1 Degree of Confidence of Correct Assignment 

9. DETERMINATION OF ENANTIOMERIC EXCESS 

10. CONCURRENT USE OF VCD FOR ABSOLUTE CONFIGURATION AND EE 

10.1 Chiral Raw Materiał Identification 

10.2 Chiral Quallty Control 


1. INTRODUCTION 


Chirality is a ubiquitous aspect of the world of three spadał dimensions. Molecules that possess sufficient structural complex‘ 
ity so that their mirror-image structures are non-superjmposable are termed chiral. For chiral pharmaceutical molecules, two 
important structural measures critical to their physical characterization are absolute configuration (AC) and enantiomeric ex- 
cess (EE), also termed enantiomeric purity. The AC of a chiral molecule spedfies its three-dimensional structure in space and 
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distinguishes it from its mirror-image structure. Structures related by mirror syrn metry are known as "enantiomers", The AC of 
a particuiar enantiorner is critical to its action as a pharmaceutical agent because mirror-image structures, i.e., enantiomers, 
have different therapeutic effects, both desired and undesred. The EE of a sample specifies, usually as an exce$s percentage, 
the relative amounts of enantiomers. An EE of 100% is a pure enantiorner (100% enantiomeric purity), 0% is a racemic ma¬ 
turę with equal amounts of enantiomers and no excess, and ~100% specifies a pure sample of the opposite enantiorner with 
respect to the EE definitron. 

The principal chapter that addresses molecular chirality in the USP-NF\s Optical Rotation (7B1). The optical rotation (OR) of a 
sample is the measure of the angle of rotation of a piane of polarized light by a chiral sample at a parttcular wavelersgth, typi- 
cally in the visible or near-UV region. The AC and EE of any sample are determined by a measure of its OR if the measurement 
has been previously calibrated using a sample of known AC and EE. The sign of the OR determines the larger enantiorner 
amount, and the magnitude of the OR determines the EE* where 100% EE torresponds to the maximum OR possible for the 
chiral molecule under consrderation, Although OR is a stmple, well-estabłished method for determining AC and EE relative to 
their known calibrations, not all molecules have measurabie OR, particularly with limited sample quantities in which the pres- 
ence of chiral impurities cannot be determined by an OR measurement. The OR is simply a number with no structural Informa¬ 
tion about the sample molecule. 

In the past several decades, the AC of an unknown chiral molecule has been determined using the Brjvoet method of single- 
crystai X-ray erystallography. The Bijvoet method requircs a single htgh-purity crystal of the molecule with a single chiral 
phase. Analysis by this method is not always possible, for example, for noncrystallizable liguids or insoluble solids, and in many 
cases analysis using the Bijvoet method requires lengthy efforts and time to achteve crystallization. 

This chapter presents a technique for the determination of AC that relies on vibrational circular dichroism (VCD), a proce¬ 
durę that is now widely used throughout the pharmaceutical industry for chiral molecules for which the AC is unknown. The 
technique involves comparing the measured VCD spectrum for a chiral molecule to the quantum chemistry calculation for the 
same molecule. If the measured and calculated VCD spectra show agreement on the principal features and their signs, this 
means that the AC of the physical sample is the same as the AC of the structure used in the calculation. If the signs are oppo¬ 
site, the AC of the sample is the opposite of that used in the calculation. 

As described below, statistical methods have been develcped for assessing the degree of confidence that the AC has been 
correctly determined by the VCD method. Usually the AC of a chiral molecule ts specified by connecting its structural chirality, 
labeled with fi or 5 for chiral centers or Por M for chiral axes, to the sign of its measured OR as (+) or (-). Once the AC of a 
molecule has been determined by VCD, for example, (S)-(-)-a-pinene, its VCD spectrum can become a reference standard of 
the AC of this molecule, and the AC of any subsequent sample of this molecule can be determined by comparison to its VCD 
reference standard. An important aduantage of determining AC by VCD ts the spectral richness of a VCD spectrum that sup- 
ports the simultaneous determination of the structural identity of the molecule and its absolute chirality. In contrast to OR, 
every chiral molecule has a VCD spectrum, because alt molecules have infrared (IR) absorption bands, each one of which acts 
as a chromophore for a VCD spectrum. VCD also is sensitive to molecular tonformations. As demonstrated below, information 
about the conformation of a chiral molecule is obtained as a bonus from the VCD determination of AC, but AC is the principal 
informational content of chiral pharmaceutical molecules. An extensive body of literaturę describing the AC of biological mole¬ 
cules has been created during the past 30 years and can be used as a basis for determining secondary and higher-order struc¬ 
tural States of biological drug substances. Stereospedfic methods using VCD can be developed to characterlze the production, 
formulation, and stability of biopharmaceutical products. 

This chapter also presents a method for the determination of EE using VCD. EE determination with VCD takes advantage of 
the fact that the magnitude of a VCD spectrum, measured as the circular polarization absorbance difference for a constant 
parent IR absorbance spectrum, is directly proportional to EE with no offset. Thus, the maximum reiative slze of a VCD spec¬ 
trum is obtained for an EE of 100%, ts zero for an EE of 0% (racemic mlxture), and is maximum with opposite signs (ail posi- 
tive VCD bands are negative and all negative VCD bands are positive) for an EE of -100%. The advantage of VCD EE determi¬ 
nation is that the EE of any molecular sample can be determined by a single VCD measurement once the relative size of VCD 
For 100% EE (or any %EE vaiue) is known for that molecule. Separation of enantiomers with chiral chromatography is not nee- 
ded. 

2. DEFINITION OF VIBRATIONAL CIRCULAR DICHROISM 

VCD is defined as: 

AA = A l ~ A n 

AA -the difference in the IR absorbance 

Ą = sample absorbance A for left circularly polarized (LCP) radiation 

A n — sample absorbance A for right drcuJarly polarized (RCP) radiation 

Unpolarized (R absorbance intensity Is defined as the average of LCP and RCP intensities: 

A = {A l + AJ/2 

The IR intensities of enantiomers are identical, whereas enantiomers bave egual and opposite-signed VCD intensities. 
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3. VCD INSTRUMENTATION 


The measurement of a VCD spectrum and its parent micMR spectrum is based on Fourier transform-IR (FT-fR) absorption 
spectroscopy. The optical-eleetronic layout for the measirement of VCO using an RWCD spectrometer is illustrated In Figurę 
I. The output beam of an FT4R spectrometer is opticalfy fiftered and then lineady polarized before passage through a photoe- 
lastic modulator (PEM). The zinc selenide (ZnSe) PEM, typicalfy used for VCD measurement, changes the polarization State of 
the beam between LCP and RCP at a freguency of 37 kHz. A sample solution in a standard IR celi is placed in Ehe beam, and a 
ligutd nitrogemcooled detector of mercury-cadmium telluride (MCT) detects the transmitted beam- The detector produces 
signals in two frequency ranges; 1) i 0O in the rangę of 1-2 kHz, represents the FT-IR interferogram; and 2) l ACr centered at 
37 kHz, represents the FT-VCD interferogram, The FT-IR interferogram may be directly Fourier-transformed toyield the IR spec* 
trum. After synchronous demodulation (using a !ock-śn amplifier or purely numerkal processing) with a reference at 37 kHz, 
the VCD interferogram can be Fourier-transformed to yield the VCD spectrum. Both the IR and VCD spectra are presented in 
dimenstonless absorbance units, A , and hence the ratto of the VCD to the IR intensity for any band in the spectrum yrelds the 
dimensionless anisotropy ratio for that vibrational transition. Figurę 1 illustrates the minimum setup for VCD measurement, but 
technically advanced instruments use two PEMs to increase baseline stability and two sources to increase signal quaiity or re- 
duce sample measurement time. Measurement of VCD in other spectra! regions, for example the hydrogen-stretching or near- 
tR, can be carried out with appropriate changes in sources, polarizers, filters, PEM, cells, and detectors. 


OflcaP DotCOtf 
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Figurę 1. Diagram illustrating the ty pica! features of an FT-VCD spectrometer for the measurement of the IR and VCD spectra 

of a chiral sample. 


4. MEASUREMENT OF VCD SPECTRA 

Figurę 2 shows the IR and VCD spectra for (+)-/?- and (-}-5-a-pinene as a neat liguid measured at 4 cm 4 spectra! resolution 
for 1 h. Also shown are the stereostructures of the two opposite enantiomers (+)-/T and (-)-5-a-pinene. This figurę shows that 
the IR spectra are nearly identical (superimposed dash and solid traces) for these enantiomers and that IR is therefore bfind to 
chlrality. By contrast, the correspondlng VCD spectra have intensities that are egual in magnitude with opposite signs for each 
band in the spectrum. The two stereostructures for a-pinene are presented in a Form that makes elear their mirror symmetry, 
and itfollows that mirror-symmetric pairs of chiral molecules have mirror-symmetric VCD spectra about the zero baseline. The 
VCD baseline for these spectra is offset slightly above zero and can be baseline corrected as discussed below. inspection of the 
intensity scales for the !R and VCD spectra reveals that the VCD intensities are approxfmately four orders of magnitude smailer 
than the corresponding IR intensities. Finally, each band in the IR spectrum has a corresponding VCD band. The richness of the 
resoked spectral bands in the VCD spectrum, each one representing what has traditionaliy been called a chromophore in elec- 
tronie circufar dichroism (ECD), gives VCD its exceptiona! combination of structural richness and stereochemical specificity. 
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(F?H+)*a pinene 


1200 1000 
Wavenumber (crrr 1 ) 


Enantiomers: IR spectra are icenticat, VCD spectra are opposite in sign 


Figurę 2, IR (fower) and VCD (upper) of {1 5>(-)-a-pinene (dash) and (1 i?)-(+)-a-pinene (solid). To the left are presented the 
guantum chemistry-optimized stereostructures of (1 S)-(-)-a-pinene (upper) and (1 RM+)-<x-pinene (łower). The iR and VCD 
spectra were measured at 4 cm 1 spectral resoiutron, and the VCD spectra were averaged for 1 h. 


Sampltng reguirements for VCD are stmilar to those needed to obtain a good IR spectrum. Ideally, as shown in Figurę 2 4 
analysts choose a combination of path length and sample concentration to obtain an average IR absorbance value A in the 
rangę between 0.2 and 0.8 and conoentrations between 0.1 and 1.0 M, dependEng on the molecular weight of the sample. 
Typical path lengths for organie solvents are in the rangę of 50-100 pm, and sample quantities needed are typicafly 5-10 mg, 
although amoimts as smali as 2 mg are possible. Typical solvents for VCD measurement of organie mdecules are deuterated 
$olvents that have reduced solvent absorption in the mid-IR region. Besides hydrogen-free $ofvents, such as carbon tetrachlor- 
ide (CCl 4 ), other commonly used sotvent5 for VCD are deuterated chloroform (CDCIj) and deuterated dimethyl sulfoxide 
(DMSO-dJ. 

IR and VCD spectra can be plotted either En absorbance units, as A and AA, that reflect the sampling conditions, or in molar 
absorption coeffrdents, e and de, that remove the concentration and path-length dependence of the fntensity to give a molec- 
ular-level property that can be compared quantitatively to calculated IR and VCD intensities. The conversion between these 
two sets of guantities is given by: 


A = e € x / 


A = IR absorbance 

z ~ molar absorption coefficient 

C = concentration (mol/L) 

! - path length (cm) 

and 


AA - zleC x / 

AA - difference in the IR absorbance 

Az - difference in molar absorption coefficient 

A useful dimensionless measure of the intrinsic strength of a VCD band is the anisotropy ratio, defined as g - AA/A = Az/z. 
Including the spectral frequency dependence of IR and VCD, the measured spectra are expressed respectively either as A(v) 
and dA(v) or as e(v) and zle(v). 

VCD spectra reguire baseline corrections for instrumentation and solvent intensity. Deviations from a perfectly fiat baseline 
with zero offset must be removed before a finał cafibrated VCD spectrum is complete. Solvent baseline correctlon can be ach- 
ieved for VCD spectra by subtraction of the VCD spectrum of the so!vent rn the same sample celi. If the opposite enanttomer 
or racemic mfxture of the sample is available, baseline correction can be achieved as one-haff the difference between these two 
equal and opposite VCD spectra in the case of enantiomers or as simpfe subtraction in the case of the racemic mixture, Base- 
Eine deviations are caused by the unavoidable presenceof Itnear birefringence in the optical elements of the instrument and 
the sample celi that can become important for all but the ia^gest VCD intensities. An example of a baseline-corrected VCD 
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spectrum is presented in Figurę 3, along with the corresponding IR and VCD noise spectrum. The spectrum of this sample of 
neat (-}-{.S>a-pinene was collected for a period of 1 h at 4 cm-' spectral resolution in barium fluoride (BaF 2 ) with a path length 
of 75 |.Lm. The noise spectrum is less than 1 x 10 5 absorbance (A) units across the spectrum, The IR, VCD, and noise spectra 
presented in Figurę 3 may be taken as a vaiidation standard for the performance of a mid-IR FT-VCD instrument, as described 
in Vibrathnal Circular Dichroism Spectroscopy (782), 



Figurę 3. IR absorbance A (bottom), baseline-corrected VCD (middle), and VCD noise spectrum (top) for (-)-(l 5)-a-pinene 
as a neat liquid averaged for 1 h at4 cm T spectra! resolution and in a 75-pm path-iength barium fluoride celi, 

5, QUALITATIVE AND QUANTITATIVE ANALYSIS 

5*1 Ensure That Signs and Intensities Are Correct 

Qualitative analysis can be carried out with VCD by comparing the VCD spectrum of an unknown to a reference spectrum of 
that molecule to identify common features and to confirm that the VCD spectrum of the sample is a dose match to the refer¬ 
ence spectrum, 

Quantitative analysis using VCD Involves measuring the VCD intensity of the sample molecule and comparing it to a stand¬ 
ard reference spectrum for that molecule. In this way, the concentration and the %EE of the sample can be determlned as 
follows. The intensity of the IR spectrum refative to the IR standard of the sample detemnines the concentration for measure* 
ments with the same path length, After norma lizing the IR intensity of the unknown sample to the standard, the relative inten¬ 
sities of the VCD determine the %EE of the sample. Such comparisons need to be carried out with all sampling conditions 
being the same, including the solvent and instrument spectral resolution. 

To determine that the VCD intensities are correct, the uncafibrated VCD intensities must be calibrated. Thts is accomplished 
by placing a muftip!e-wave piąte in the sample position, followed by a polarizer that is either parallel or perpendicular to the 
instrument polarizer In Figurę L Measurement of the VCD spectrum of this multiple-wave piąte set-up for two seftings of the 
wave piąte and polarizer that differ by 90° produces two sets of curves that have Crossing points. The curve connecting the 
Crossing points follows the shape of a first-order Bessel function and represents unit VCD intensity, Dividing this curve into the 
uncaiibrated VCD spectrum produces a VCD spectrum with the correct calibrated intensities, The two calibration curves and 
their crossing-point curve are illustrated En Figurę A , 
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Figurę 4. Caiibration curves for VCD intensity generated by placing a multipfe-wave piąte and a polarizer in the IR beam and 
connecting the Crossing points with a curve representing unit VCD intensity for maximum VCD intensity at 1200 cm 4 * 

5.2 Determination of the Noise Level at Each Point in the Spectrum 

A critical factor in quantitative analysis using VCD is the degree of accuracy of the spectrum as given by the VCD noise level 
and baseline stability of the measurement. The noise !evel depends on a number of factors such as the D* value of the detec- 
tor, the amount of radiation passing through the sample from the source, and the amount of absorption of the sam ple. The 
noise Jevel is obtained by dividing the VCD measurement into iwo hafves. Addition of these hałves gives the VCD spectrum, 
including noise, whereas subtraction eiiminates the VCD features and teaves the equivalent noise spectrum. An example of a 
VCD noise spectrum is given in Figurę 3 t whtch shows, from bottom to top, the IR, VCD, and VCD noise spectra for a measure¬ 
ment of (-)-5-a-pinene. The VCD noise !evel can be reduced by increasing the measurement time through co-addition of the 
spectra, as desired, 

5.3 VCD Baseline Accuracy 

A second critical factor in the measurement of a VCD spectrum ts the characleristics of the VCD baseline, namely its location, 
straightness, and stability. The VCD zero intensity linę between positive and negative VCD intensities needs to Ile as close as 
possi ble to the electronic zero of the measurement (zero of spec trał display). Due to the sensitivity of the VCD intensity scalę, 
some offset of the baseline from electronic zero almost always occurs, as discussed above in reference to the need for baseline 
correction of the VCD spectra of a-pfnene in Figurę 2 and as carried out for Figurę 3. Use of ct-pinene as a validation standard is 
advantageous, because a-pinene has an unusually iarge intensity and thus, its spectrum is relatively easy to measure on a regu- 
lar basis. a-Pinene can also be used as a measure of the baseline of a VCD measurement relative to the electronic zero of the 
measurement Thrs is illustrated in Figurę 5, where the VCD spectra of (~)H>pinene (dash) and (+)-a-pinene ( błock ) are presen- 
ted along with the VCD spectrum of a racemic mixture [equal quantities of (-)-ot-pinene and (+)-a-pinene, hence cancelling 
the VCD Intensity] of a-pinene (groy). The VCD spectrum of the racemic mixture of a-pinene is the VCD baseline for tfiis meas¬ 
urement, A typka! standard for baseline quality is deviations from electronic zero of <10% of the maximum separation of posb 
tive and negative VCO intensity of the neat a-pinene spectrum, or approximately 1 x 10 4 . The baseline illustrated in Figurę S 
satisfies this standard to within 5%. The baseline at 1350 cm- 1 is slightly above electronic zero and has maxrmum excursions 
away from electronic zero of <0,00005, or 5 x 1Q- 3 at 1170 cm- 3 , which can be compared to the maximum positive and nega- 
tive intensity values of (-)-a-pinene of +5 x 1 0^ at 1220 on 1 and a negative peak value of —4 x 1 0 4 at 1130 cm- 1 . 
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Figurę 5. VCD spectrum of fl*{+)-a-pinene (black), 5-(-}-a-pinene (dash), and racemic (gray) a-pinene as a neat Itguid for a 

60-min measurement in a 75-|im pathdength barium fluoride cdi. 

5,4 VCD Baseline Absorption Artifacts and Single-Enantiomer Measurement Capability 

For tests of baseline accuracy and stability, the sample camphor in carbon tetrachloride solution is used as a qua[ification 
standard and provides a morę stringent test than a-pinene, because the VCD spectrum of camphor is approximately one-fifth 
the magnitude, relative to the IR absorbance spectrum, of that of neat a-pinene. The VCD spectra of both enantiomers, as weli 
as two measures of the VCD baseline, are provided in Figurę 6* It is elear, as in Figurę 2 and Figurę 5, that the VCD spectra of 
enantiomers, in this case (+)-camphor and (~)-camphor, are equal in intensity and opposite in sign relative to the VCD baseline 
to within the noise level of the measurement. The two VCD baselines provided are both zero VCD measurements. The VCD 
spectrum of racemic camphor [equal mixture of (-f)-camphor and (-)-camphor] js the true VCD baseline for the individiraf (+)- 
camphor and (-)-camphor spectra, even if there are offsets (artifacts) due to absorption bands in the IR spectrum of camphor. 
The absence of such artifacts to within the noise level of the measurement is demonstrated by the congruence of the VCD 
spectrum of the racemic mixture and that of the solvent, carbon tetrachloride. Because carbon tetrachloride has no significant 
level of absorbance in the region of the spectrum displayed, the agreement of these two baselines within the noise level dem- 
onstrates the absence of baseline artifacts in the VCD spectrum of racemic camphor, and therefore, for the VCD measurement 
of either of the two enantiomers of camphor 

Achieving a VCD baseline that Is free of absorption artifacts is usually done by optical alignment of the VCD instrument such 
that the baseline is as dose as possible to the true electronic zero of the instrument of the measurement In Figurę 6 f the VCD 
baseline can be seen to wander above and below zero across the spectrum, but in this case, the des/iations from the electronic 
zero are smali (approximately 2 x 10 S ) and <20% of the positive and negative maximum VCD intensities of the spectrum (ap- 
proximately I x 10^). This value of deviation is consistent with the maximum baseline magnitudes discussed above for a* 
pinene and displayed in Figurę 5, because a-pinene has a much iarger (approximately 5x) VCD spectrum, relative to its IR 
spectrum, than camphor. The baselines for camphor in Figurę 6 are norsier than that of a-pinene in Figurę 5, because the VCD 
spectrum scalę is smatler and the measurement time is 20 min instead of 1 h. As in Figurę 3 t the VCD baseline can be corrected 
by subtraction of an appropriate baseline spectrum, racemic or solvent. In Figurę 7, the baseline-corrected VCD spectra for 
both enantiomers and the racemic mixture have been obtained by subtraction of the VCD spectrum of the solvent carbon 
tetrachloride. As a result the VCD zero baseline and the instrument electronic zero are the same to within the noise level, and 
the mirror symmetric properties of these spectra are even morę apparenL This VCD test verifies that by subtracting the VCD 
spectrum of the solvent, an accurate VCD spectrum of camphor can be obtained using only one enantiomer, either the (+)- or 
(-)-enantiomer, and hence, the instrument possesses a single-enantiomer VCD measurement capability. 



Frequ9ncy (cm - *! 

Figurę 6. VCD spectrum of ft-{+)-camphor (black), 5-(-)-camphor (gray dash), and racemic camphor mixture (gray) as a 0.9 
M solution in carbon tetrachloride. Also provided with the same celi and path length is the VCD spectrum of pure carbon tet¬ 
rachloride (black dash). The sampling conditions were a spectra! collection time of 20 min with a 100-pm path-length barium 

fluoride celi. 
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Figurę 7. Solvent baseline<orrected VCD spectrum of ^(+)-camphor-carbon tetrachloride (gray), 5-{-)-camphor-carbon tet- 
rachloride (black), and racemic camphor-carbon tetrachloride mixture (dash) of the VCD spectra shown in Figurę 6. 

5.5 VCD Measurement Stability and Noise Level Reduction 

Companson of VCD measurements of camphor for 20 min to that measured over a period of 4 h In biocks of 20 min permits 
evaluation of instrument measurement stability as weJI as the reduction of noise level over time. In Figurę 8, 12 such 20-min 
VCD spectra measured in 4 h are presented to show the stability of a VCD spectrum over time. It is elear that there are no 
deviations of VCD spectra outside the noise levef of any one 20-min spectrum, and hence, there is no long-term drift in the 
VCD baseline over this time period* 



Figurę 8* Superposition of 12 20-min VCD spectra of /?-(+)-camphor under the conditions of Figurę 6 and Figurę 7, 

If the 12 biocks of 20“min VCD spectra in Ftgure 8 are averaged, the resulting 4-h VCD spectrum can be compared to a 20- 
min VCD spectrum of the same sample to demonstrate the noise reduction that is achieved upon signal averaging, provided 
there are no other systematic noise sources in the VCD spectrometer. In this case, the noise reduction should be a factor of the 
sguare root of 12, or approjumately 3.5. Thus, the signal-to-noise ratio should tmprove by a factor of 3.5. Such a comparison is 
provided in Figurę 9. 
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Figurę 9. Comparison of the 4-h average of 12 20-min VCD spectra [R-(+)-camphor 240 min (gray)] to one 20-min measure- 
ment of camphor [/?-(+)-camphor 20 min (blaok)], under the conditions of Figures 6, 7 t and 8, showing improvement in signal- 

to-noise ratio with increased collection time. 

The noise level can be visualized directly on a 5* morę sensitive scalę to better evaiuate the notse levefs by tomparing the 
noise spectrums, as illustrated and described in Figurę 3, for the 4-h and 20-min VCD measurements. This rs presented in Figurę 
10 L 



Figurę 10. Comparison of the VCD noise spectra of fl-{+)-camphor for one 20-min measurement [/?-(+)-eamphor noise 
(gray)] versus a 4-h measurement [R-(+)-camphor noise (black)] under the conditions of Figures 6 t 7 t 8 t and 9 t where the inten- 
sity scalę has been expanded to accommodate noise spectra that are 5* enlarged for better viewing from the noise levels in 

the previous four figures. 

6. DETERMINATION OF ABSOLUTE CONFIGURATION 

The IR and VCD spectra of a sample are measured in solution in a matter of minutes to hours without the requirement of 
prior crystallization or high sample optical purity. The AC cf an unknown sample is determined by comparison of its measured 
VCD spectrum to a VCD guantum chemistry calculation of the same moJecule, where the AC used in the calculated VCD spec¬ 
trum is chosen arbitranly. If the signs of the bands in the measured VCD spectrum match those in the calculated VCD spec¬ 
trum, the AC of the sample is identfcal to that used in the calculation. If the signs are opposite, then the sample has the oppo- 
site AC compared with that calculated. An example of the determination of the AC of a pharmaceutical mofecuie is shown in 
Figurę 11, The AC of mirtazapine, which is sold in racemic form, rs determined by comparison of the measured IR and VCD 
spectra of the (-)-enantiomer to the calculated IR and VCD spectra of the fl-enantiomer. The close match in VCD signs—vibra- 
tional frequencies, tntensities of the observed and calculated spectra, and IR frequendes and intensities—demonstrates clearly 
that the AC of mirtazapine is (-)-/?. Also shown in Figurę 11 is the stereospecific quantum chemistry calculated structure of R- 
mirtazapine. 
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Hełv* Chi nr Acta, 85,1160 (2002) 



Vlbrationat clrcular dichroism 
(VCD) is used to identify 
unambrguously the absolute 
conflguratfon of Mirtazapine as 
(—)-R and solution conformation 
as shown abov© 


Figurę 11. Comparison of the measured (obsen/ed) and calcufated IR and VCD spectra of mirtazapine, allowing assignment 
of its AC to (-)-tf. Reproduced in part with pemnission from John Wiley & Sons, 


If the AC of a molecule has previously been established, ~or example, by X-ray crystallography, a VCD calcuJation of the mol- 
ecule rs not necessary {but could be performed as a check of the X-ray assignment), and the measured VCD spectrum of the 
molecule may be taken as a reference standard for the AC of the molecule, supported, for example, by U5P. For a molecule 
with unknown structural chiralrty, the delermination of its AC by VCD regurres a comparison of the measured and caleulated IR 
and VCD spectra, e(v) and Je(v), as shown in Figurę 7 7. The key point of the comparison is correlating the major VCD bands to 
determine whether they have the same or opposite signs. The IR spectrum is a guide in the process. Seeing a dose corre- 
spondence between the caleulated and measured IR spectra provides conffdence that a good vtbrational force field has been 
caleulated and the most tmportant vibrational bands are correlated, If a corresponding correfation of the signs of the major 
VCD bands can be madę, as in Figurę 11, then the AC has been determined, 

When the measured and caleulated VCD spectra are compared, the magnitudes of the corresponding intensities are not crib 
ical, What is tmportant is the relatfve intensities of fhe bands in the two spectra, and in fact, that the comparison of measured 
and caleulated spectra can be madę using different sets of intensities for i:(v) and Je(v) for the caleulated spectra and A(v) and 
M{v) for the measured spectra, In generał, an exact match of the measured and calcufated band frequencies is not expected 
because of several limitations of the calculations* Examples of these limitations include the assumption of the harmonie ap- 
proximation when some anharmonicity is present in the measured spectra, the need to ignore the effects of solvent interać- 
tions with the chiral solute molecule, limitations in the size of the basis set used for the quantum calculation, and the choice of 
density functional reguired for the density functional theory (DFT) calculation. 


7, CALCU L ATI ON OF VCD SPECTRA 


To determine the AC of a molecule with unknown cbirality using the VCD method as an afternative to, or supplement to, X- 
ray crystallography, analysts conduct a guantum chemistry calculation of the IR and VCD intensities of the molecule. Since the 
late 1990$, commercial DFT software has been available and can be used effectively by a trained user because it does not re- 
quire special expertise or extensive experience in quantum chemistry calculations* For example, VCD calculations are now part 
of some undergraduate chemistry curricula, The followtng steps are required to perform a DFT calculation of IR and VCD: 

1. The stereospecific struć turę of the molecule is entered through a visual graphics interface. 

2. The quantum chemistry program then automatically performs the followtng steps: 

a* The geometry is optimized to a minimum energy conformation, 

b. A force field is caleulated that determines the vibrational modes of the molecule, with 3N-6 modes fora molecule 
with N atoms, 

c. Atomie polar tensors thatyield the IR spectrum are caleulated, 

d. Atomie axtal tensors thatyield the VCD spectrum are caleulated, 

3. The output of the calculation consists of a table wherefor each modę /fhere is a freguency, IR intensity (dipole 
strength), D h and VCD intensity (rotational strength), fl,. 
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4. Commercially available programs calculate the IR and VCD spectra for the molecuie using the folJowing steps: 

a. A linę shape, /(v), is applied to each dipole and rotational strength value, D, and /?„ centered at each vibrationa! fre~ 
quency, 

b. Summation of these norma! modę line-shaped intensities automatically pmduces the finał calculated IR and VCD 
spectra e(v) and Ae(v) that can be compared directly to the corresponding measured IR and VCD spectra. 

Another important factor that often is encountered in the assignment of the AC of pharmaceuticat molecules and natural 
products (betause of the struotural comptexity of these types of molecules) is the presence of morę than one important con¬ 
former under the measurement conditions. The fractional oopufations of different conformers can be predicted by using their 
refative calculated energies in the Boltzmann distributiom The lowest-energy conformer has the highest fractional popuiation 
and so on, to increasingfy less-populated conformers with higher relative energies. To calcu! a te the VC D, one musi calculate 
the IR and VCD of each important conformer and then add these spectra fogether, weighted by the fractional Boltzmann pop- 
ulation. UsuaHy, one can ignore the spectra I contributions of conformers that account for less than a few percent of fhe to tal 
populatron. 

Programs for calculating VCD and IR spectra to the level of accuracy sufficient for comparison to measured IR and VCD are 
available commercially from a variety of sources. First, one needs a program for evaluating and finding the geometry of all the 
lowest-energy conformations of a chiraf molecuie. A variety of programs using molecular mechanics are available for this pur- 
pose. Second, one needs a fuli guantum chemistry software program for calculating the ab initio force fields, vibrational fre- 
quencies, and VCD and IR intensities for each of the lowest-energy conformers. A common Chemical model of sufficient accu- 
racy for AC determination is DFT, using a basis set minimum of 6-31 G(d), and a choice of hybrid functionals, such as B3LYP or 
B3PW91, Higher4evel basis sets and alternative chosces of hybrid functionals may be madę. Finally, one needs a software 
method for comparing measured and calculated VCD and IR spectra to assess the degree of spectra! agreement between the 
measured and calculated spectra, and hence the level of confldence that the correct assignment of AC has been predicted. 
Additional details are described below. 

In Figurę 12 t the AC of the bioactive enantiomer of the analgesic (S)-(+)4buprofen Is determined by comparing the meas¬ 
ured and calculated IR and VCD spectra. The calculated IR and VCD are the sums of the IR and VCD conformer spectra, one for 
each conformer, weighted by the fractional populatlons 0.37, 0.36, 0.12, and 0.07, plus smaller contributions from another 
eight conformers that have a total contribution of 0.08. Clearly, there are two important conformers that are nearly eguafly 
populated, and the basie features of the finał IR and VCD soectra are determined by these spectra. As a resutt of this analysis, 
not only has VCD been able to confirm the AC of (+)-ibuprofen as 5, but two dominant solution-state conformers have been 
identified, along with two additional less-populated conformers. 



Figurę 12. On the top are displayed the measured (observed; +) and calculated (5) IR and VCD spectra of (+)-ibuprofen 
(above) and the stereostructure of (S)-ibuprofen (below). On the bottom are displayed the stereostructures, relative energy 
(RE), and percentage Boltzmann population (BP) for the four most important solution-state conformers. 

8, COMPARISON OF MEASURED AND CALCULATED SPECTRA 

To provide an unbiased sŁatistical measure of the degree of slmilarity between measured and calculated IR and VCD spectra, 
an anaEytical method based on a convoEution algorithm has been developed. The degree of slmilarity, or congruence, between 
a measured and a calculated spectrum can be calculated and used to determine a degree of confidenee that the AC deter¬ 
mined by visual inspection is correct. 
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8.1 Degree of Confidence of Correct Assignment 

The results of the use of such statistical measures are shown in Figurę 13. The degree of simiiarity (the total neighborhood 
simiiarity, TNS) of the measured and calculated !R is 92.5, where 100 is a perfect match. The same TN5 measure for the VCD is 
82.2, Because VCD bands can be either positive or negative, a morę refined analysis is carried out for VCD, and onfy regions of 
sign agreement are compared for each enantiomer. In this case, the vaiue of the signed neighborhood simiiarity (5NS) for the 
5-enantiomer is 92.8, and for the ft-enantiomer it is only 124, Clearly, the analysis confirms the visual agreement of the meas¬ 
ured VCD spectrum (upper solid linę) and the takulated VCD spectra (Iowę r solid linę) for the 5-enantiomer versus the /7-enan- 
tiomer (dashed linę). An additional numerka! comparison is calculated as the enantiomeric simiiarity index (ESI), which equals 
SNS(5)- SNS(/?). The resuft (biack dot) is then platted agairst a database of 89 prior correct VCD assignments, where the axes 
are SNS ( vertlcal ) and ESI ( hońzontal ). The closer a statistical point is to the upper right-hand corner of the plot, the higher the 
simiiarity of the comparison and the higher the degree of confidence. The upper right-hand corner of the plot is defined as 
100% spectral simiiarity. The degree of confidence es a statistical measure that is set to be 1 00% confidence for points clus- 
tered in the upper right-hand region of the plot, Statistical measures such as these eliminate the reliance on only visual judg~ 
ment for the comparison of measured and calculated VCD spectra and provide a statistical basis for assigning a degree of simr- 
larity between the measured and calculated spectra. 



Figurę 1 3. Output of a commerda! program for comparison of measured (observed) VCD and JR spectra with calculated 
VCD spectra of both enantiomers and the calculated IR spectrum. Statistical data are explained in the text. 

9, DETERIWSNATIOM OF EMANTEOSWBEIRfiC EKCESS 

After AC, the next most important property of a chiral sample is the EE, as described in 7. Introduction. For enantiomers la- 
beled R and S, the EE for the R enantiomer is defined as EE - (N n - N^)f(N R + N s ) and %EE = EE x 1 00%. Here, represents the 
number of moles of the R enantiomer present in the sample; for a sofution, N R can represent the concentration of the R enan¬ 
tiomer. Thus, %EE for the R enantiomer can vary from +100% to -100%. 

VCD spectra also can be used to determine the EE of a sample once the sample has been calrbrated by a single IR and VCD 
measurement of a sample with a known EE. VCD scales linearly with EE with a maximum VCD intensity for a given IR intensity 
at 100% EE, one-half VCD intensity for the same IR intensity at 50% EE, and zero VCD for the racemic mbcture of 0% EE. These 
points are iflustrated in Figurę 14 for 11 measurements of fl“(+)-a-pinene for which the %EE decreases from 100% to 6.7%, 

The IR spectra are identical, but the VCD spectra grow smaller linearly as EE is reduced by the addition of measured amounts 
of the opposite enantiomer to the sample celt The degree of accuracy of this determination of %EE was slightly >1%, as indi- 
cated in the plot of actual prepared EE versus VCD predicted EE, using a partia! least-sguares chemometric analysis as presen- 
ted in Figurę 15. 
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Figurę 14. Superposition of 11 VCD (upper) and iR (fower) spectra of a 3.1 M solution of (-h)-(fl)“a-pinene in carbon tetra- 
chloride for sam pies with %EE yaiues of 100.0%, 88.2%, 77 8%, 68.4%, 60.2%, 52.4%, 45.5%, 33.3%, 23.1%, 14.3%, and 

6.7%. Reproduced in part with permission fronn John Wiiey & Sons. 
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Figurę 15. Plot and corresponding tabie of actual versus VCD predicted values of %EE using partial least-squares (PLS) che- 
mometnc analysis that achieves a root-mean-square deviation (RM5D) of 1.15 and a standard deviation error of crosswafida- 

tion (5TDEV) of 1.21. 


10- CONCURRENT USE OF VCD FOR ABSOLUTE CONFI&URATIGN AND EE 

10.1 Chiral Raw Materiał Identification 

Currently, there is no routine, real-time chiral measurement for materiał identification (ID). Chiral drug substances nrrnst 
compiy with the USP-NF monograph tests that ty pica lly refy upon nonchirai test procedures such as mid-IR spectroscopy (Mid- 
infrored Spectroscopy (854) and Mid-lnfrared Spectroscopy— Theory and Practice (1854)). In practice, near-JR (for additional Infor¬ 
mation, see Neardnfrared Spectroscopy { 1119}) is used in many manufacturing facilities. For near-IR analysis of solids, analysts 
commonly use fiber-optic probes and then confirm the raw materiał by comparison of the measured spectrum against that of 
the USP Reference Standard. To determine the AC and EE of a chiral materiał, analysts must make a separate opticai rotation 
measurement, whrch reguires large amounts of sample in a 10-cm path-length celi, where uncertainty errors are possible for 
matenals with smali OR values. 

A single measurement of the VCD spectrum and its associated IR spectrum in the mid-IR or near-IR region of a raw materiał, 
etther as a crystaliine solid or in solution, simultaneously contains Information for the three critical measures: ID, AC, and EE. By 
comparison to a USP Reference Standard, the simuitaneous measurement of IR and VCD spectra of a test materiał identifies the 
sample and the presence of impurities and separates impurities into achrral (IR only) or chiral (IR and VCD). The signs of the 
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VCD identify the AC of the dominant enantiomer, and the ratio of the VCD to the ]R gives the EE, as descnbed above. Ty pica I 
VCD accuracy for EE deternmnations is in the rangę of 0.1%-1%. 

10.2 Chiral Quality Control 

VCD can be used as a chiral measure for characterizatioi of raw materlals for process analytlcal technology (PAT) d u ring 
development, synthesis, formulation, and fina! production of drug substances and drug products, VCD also can be used to test 
the interaction between formulated chiral drug substances and exciplents, Currently, there are no protocols for monitoring EE 
as a guality control measure in the pharmaceutical industry. Because of the importance of chlrality as a cntrcal measure of sam- 
ple integrity, there is a need for the incorporation of a new technology, such as VCD, to ensure the desired tevel of chiral guali¬ 
ty of pharmaceuticat products from discovery through to finał formulation. 
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<1 787) MEASUREMENT OF SUBVISIBLE PARTICULATE MATTER IN 
THERAPEUTIC PROTEIN INJECTIONS 

INTRODUCTION 

Parenteral products are designed and manufactured to minimize particulate matter, whlch Is differentiated into two broad 
categorles: visibfe and subvisible. The absolute limit of Msibilify, or detectability, depends on the test conditions and the naturę 
of the particulate matter. This generał information chapter covers subvisible particles in the rangę of 2-100 pm. Particles larger 
than 100 pm are generally considered visible particles (see Yisibte Particulates in injections (790)). 
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Foreign and particulate matter are undesirable in the finał product. These undesired particles ansę from two sources; extrin- 
sic or foreign matter and intrinsic or product-related matter* Extrinsic matter cannot be associated with product or process, 
Intrinsic particles may be a by product of the assembly of the product or result from change over time. A third category, inher¬ 
ent matter, describes a physical State or particles that are an expected attribute of the product The aim of this chapter is to 
provide additionai Information to support 5ubvisibfe Particulate Matter in Therapeutic Protein Injections (787), which has limits 
for <10-pm and <25-pm particie content. Because the monitoring of the sub-IG-pm population may be an important product 
quality parameter, collection of data in the 2-10-pm rangę (e.g, 2-5 jim and 5-10 pm) is recommended. This chapter will 
focus on enumeration, characterization, and when possible, identification of Inherent particles, distinguishing them from ex- 
trfnsic and intrinsic particles. The chapter does not cover formulations that are suspensions or emulsions, or those that contain 
adjuvants or similar intended particie components* However, foreign and particulate matter should be minimized in the finał 
drug product, and the strategy and methods utilized are ultimately determined by the manufacturer. 

Extrinsic Particles 

Materials that are not part of the formulation, package, or assembly process, but rather are foreign and unexpected. Exam- 
pfes of extrinsic particles En dudę materia Is from bioJogical sources ( 0 * 9 ., fi bers, insect parts, pollens, and vegetative matter), 
from process and building materials (e.g., celiulose, lint, minerals, glass, plastlcs, rubber, metal, and paint), and from person- 
nel (e.g., epithelial cells, clothing fragments, and harrs)* 

Intrinsic Particles 

Materials occurring in the finał product that arise from sources within the formulation ingredients, assembly process, or 
packaging. Their assoeiatlon with the productlon process and/or package-related sources can be indicative of systemie prób- 
lems. For example, silicone oi! is an important manufatturhg and product component that may affect particie counts and, in 
excess, es considered intrinsic, The mcidence of silicone oihrelated particles may correjate with processing seguences or formu- 
lation component sources. DetectEon, identification, and measurement of silicone oil-related particles are discussed further in 
another section of this chapter. intrinsic particles can be similar in some ways to extrinsie particles such as rubber, metal, pląs- 
tic, and glass, but may arise because of insuffident cleaning of processing equipment. Intrinsic particles can also arise from 
changes in the product over time. These changes may be related to ionic or organie extracts, instability of the acdve pharma- 
ceutical ingredient (API), formulation degradation, or product-package interaction. intrinsic particles may promote protein, 
and one should be aware of this possibility* 


Inherent Particles 

Materials that are expected from the drug substance and ofher formulation components, and thus represent a potentially 
acceptable characteristic of the product* In the context of therapeutic protein injections, the primary source of inherent parti- 
des is proteinaceous aggregates formed either solely by interactions of the protein with itself or in combination with other 
formulation ingredients* The presence of proteinaceous particles should be assessed for process consistency and product qua!i- 
ty. Identification and characterization of the aggregates are critical for distinguishing them from extrinsic and intrinsic parti¬ 
cles* The tools and technigues discussed in this chapter are applicabie to all sources but are especially useful for the characteri¬ 
zation of protein aggregates* 

Heterogeneous particles consist of morę than one Chemical entity* They are classified as either extrinsic or intrinsic based on 
the nonproteinaceous component that presents the greatest risk. 

Historically, test methods contained in Particulate Matter in Injections (788) were developed for detection and control of ex- 
transie and intrinsic particie content and rely on light obscuration (LO) and/or microscopic determination of particles that are 
between 10- and 25-pm thresholds* These sizes were selected to allow consistent measurement of subvisible particie content 
and atlow determination of product acceptability from the perspective of patient safety and process consistency* The mem¬ 
branę microscopic method was developed first and was used only for fargewolume (>100 mL) products, Later, improvements 
in the microscopic method and development of an automated light extinction (obscuration) method provided an effident and 
robust means of tracking particulate content in a variety of products with different fili vo!umes, Evolution of anaiyticai applica- 
tion is typical of the compendial standard-setting process, where methods are updated to reflect technolog!cal advances, pa¬ 
tient safety considerations, and regulatory requirements. 

Since (788) became official, the varieties of dosage forms and the numbers of therapeutic protein products have inereased 
markedly. The LO method described in (788) has some technicai limitations when used for analyzing certa i n particie types 
(e*g., those that have Iow contrast in the product medium and/or may change shape/size during analysls, as is typical for in¬ 
herent particles in therapeutic protein injections)* Other (788) limitations for therapeutic protein products relate to sampfe 
handling and Iow product volumes* These considerations have led to the development of Subvisible Particulate Matter in Thera¬ 
peutic Protein Injections (787)* 
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OB|ECTIVE 

This chapter was written to describe strategies for identifying and characterizing extrinsic and intrinsic particie populations, 
compared wlth inherent proteinaceous particie population(s), In therapeutic protein injections* Information about spectfic 
methods that can be used for these purposes, as well as their advantages and limltations, is discussed; the information applies 
to therapeutic protein injection products and their dllution or infusion Solutions, The overarching goal is to provide compre- 
hensive guidance on use of a broad array of analytical methods, one or morę of which may be used beyond the methods de- 
scribed in <787) and <788), This is expected to achieve enhanced or orthogonal characterization of therapeutic protein prod¬ 
ucts during deveJopment and support, root cause analysis for nonconformance im/estigations, stability studies, and others. This 
includes methods that allow assessment of a variety of characteristics of the inherent protein aggregates induding morpholo¬ 
gy, conformatlon, reyersibility/dissodation, and covalent modification* Guidance on sample handling and preparation is dis- 
cussed in generał term5, 

BACKCROUND 

Extrinsic and intrinsic partides should be minimized in all pa ren terał products, However, protein-reiated particles may be in¬ 
herent to therapeutic protein products, Inherent partides should be understood and controlled* These inherent partides are 
known and expected, arising from the association of prote"n molecules that can be present En a continuum of sizes, ranging 
from nanometers (dEmers) to hundreds of micrometers (muitimers and yjsible partides)* The distribution of particie size is af- 
fected by amino acid seguence, solution conditions, sample handling hlstory, and other factors. The specific phenomenon of 
protein association that gives rise to partides is called aggregation* The terms "proteinaceous partides" and "aggregates" are 
used interchangeably En this chapter 

Because multiple potential sources of partides exist, it is important to identify the partides and determine whether they are 
extrinsic, intrinsic, or inherent, Once this has been accomplished, it is possible to develop and apply appropriate contro! strat¬ 
egies* If deviations occur, particie identity will guide the root cause analysis, risk assessment, corrective actions, and contro! 
strategy* 

Protein aggregates inherent in therapeutic protein products may consist of a heterogeneous population, and therefore size 
afone does not adequately describe them. When aggregate popuiations are being compared across products, iabs, etc*, it is 
important to consider other characteristics such as morphology, the ability to dissociate, the protein conformations (or higher- 
order structures) within the aggregates, and the Chemical modifications present (7), These are summarized in Tobie 1 [adapted 
from (7)]. It is important to realize that the results obtained depend on the technique and methodology used, and this Infor¬ 
mation must be induded in any description of protein aggregate characterization, The tools available for aggregate characten- 
zation are described later in this chapter, The tools used and the characteristics analyzed should be thoughtfufly chosen based 
on the protein being studfed, A morę detailed description of attrfbutes that should be considered during aggregate characten- 
zation follows* 

Size is the particie attribute that has been monrtored hEstorically and remains a primary descriptor* When measurements are 
reported, they should include the size rangę measured and technique used* Thus, subvisible partides couid aiso be described 
as aggregates/partides between 1 and 100 pm based on: the equivalent drcular dEameter, determined using LO; the longest 
chord, using light microscopy; the eguryalent spherical yolume, using electrical zonę sensing; or other relevant dimensions ob- 
tained using other avaElable technologies, The sample preparation, determination method, and algorithms applied are ali Em- 
portant factors to include when presenting the results, 

The ability of any aggregate specles to dissociate (i.e,, revert to the monomeric State) and the conditions required to accom- 
plish this are aiso important characteristics to consider* Sample preparation couid affect the results obtained if the aggregates 
are dlssodable; therefore, understanding this aspect of the aggregates is critlcaf when seiecting techniques for counting, meas- 
urlng, and characterizing them, The dissociabflity of protein aggregates can be assessed by diluting the aggregates Into the 
formufation buffer or other Solutions and then re-analyzing them with the orlginal technlgue. This can aiso include simply re¬ 
turn Ing the sample to the original conditions and assessfng how much of the aggregate has dlssodated, Ability to dissociate is 
thus a characteristlc of protein aggregates that can inform sample handling and preparation (e.g,, dilutlon conditions) for par- 
ticle counting* The ability to dissociate may aiso apply to intrinsic and, to a lesser extent, extnnsic particles species. 

The structure and conformatron of protein molecules in the aggregates can be investigated by using several blophysicaf 
technfques. The findings may help in investigations and troubleshooting. It is aiso usefui to know about the presence of Chemi¬ 
cal modifications such as oxidation, deamidatlon, crossdinks, or fragments En the aggregate. Confomnation of protein mole- 
cules within protein aggregates, as well as their State of covalent modification, may help explain the potential biologEcal im- 
pact of the inherent particie, 

Morphology of the partides can serve as another descriptor and aiso help identify their source. Morę specificalfy, characteri- 
zation of morphology may allow one to dlstingursh between partides that are inherent to the therapeutic protein product and 
those that are extrtnsic or intrinsic. Proteinaceous as well as many intrinsic and extrinsic particles are generally of Erregular 
shape, whereas siticone oil and air bubbles tend to be spherical. The morphology of protein aggregates aiso constitutes rmpor- 
tant data that can facilitate comparisons across studies and over time. 

Table 7 proyides an overview of protein aggregate characteristics to consider, which can be used to dassify them. 
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Table 1. Descriptioń of CategoHes of Protein Aggregates (7) 


Category 

Classifkation 

Size 

<100 nm (na no me ter) 

100-1000 nm {submicrometer) 

7-100 |im (subvrsfble) 

>700 Mm (visible) 

Dissociabifity 

Reversible (revert to initial State wben retumed to odginał conditions) 

Irreversible (do not dissociate under conditions tested) 

Dissociable (dissociate under specrfic conditions tested, e.g,, dilution, changes in buffer, etc.) 
Dissociable under physiological conditions 

Reversibility 

Rewers ible 
lrreversfble 

Dissociable 

Dlssodabie under physiological conditions 

Dissociable under defined (list) conditions 

Secon da ry /terti a ry 

Native 

Partia Iły unfolded 

Unfolded 

Inherently dEsordered 

struć turę 

Ordered (e.g., amyloid) 

Covafent modification 

CrossTnked (redudble and nonreducib(e) 
fntramolecufar modification 

Qxidation 

Deamidation 

Fragmentation 

No modffication 

Morphology 

Number of monomeric subunlts 

Aspect ratio 

Surface roughness 

Entemal morphology 

Optical properties 

Heterogeneous (e.g., protein-silicone oil) 


Silicone Oil 


A standard lubricant in pharmaceutical products and packaging. In excess, it may contribute to elevated particie counts in 
products. Assessing the effect of silicone oil on particie counts in therapeutic protein injections, where relevant, is critical to the 
overall particie control strategy. In parenteral manufacturing, silicone oil is used primarify to facilitate packaging component 
handling, alleviate adherence of mbber parts, allow free stopper flow in the bowl/hopper, and promote tracking onto the 
walting, filled Container. Silicone oil Is also used as a lubricant to decrease gfide force and allow plunger stopper movement in 
glass, pre-filled syringe presentations. For parenteral Container preparation, controlled stages of washing, rinsing, sificonlzation, 
and sterillzation are routine. The tumbling of dosures (e,g„ vial stoppers) with a measured amount of silicone has been a rou- 
tfne process for uniformly coating surfaces before use. Application of a known amount of an accepted lubricant, rendered ster- 
ile, is common. 

Even when applied judiciously, silicone oil can migrate from the product-contact surface to the fill-over tlme during product 
transport, storage, and use. Silicone oil droplets can contribute significantly to the subvisible particie counts of the product, 
specifically, particles in the <1G-pm rangę in the case of therapeutic protein injections. The particie count depends on the 
amount of silicone oil, and in some cases smail amounts o~ silicone oil can have a significant effect on particie counts (2). 

Withrn therapeutic protein products, protein may become adsorbed to silicone oil dropfets. Agltation resuspends and rear- 
ranges the oily matrix into different particie forms and sizes. The size rangę of the silicone oil droplets in protein formulations 
may be simiiar to inherent protein particles, but the morphology and optical properties of the two subslances differ. Silicone 
oil in aqueous solution is typicaliy spherical, with a higher refractive index than that of protein aggregates and a regular de- 
crease in contrast from the outside to the center of the particie. Tliis is unlike protein aggregates, whlch are typicaliy amor- 
phous and translucent and have a refractrve index very simiiar to the protein monomer background of the drug formulation. 
These distinctions can be used to develop algorithms for differentiating silicone oil particles from protein particles. it is also 
possible to monitor changes in one population and distinguish them from changes in the other. 

Because silicone oil serves a function in the product, particie counts arising from the oil are considered intrinsic and generally 
will vary over dme. However, poorly controllecf application processes can lead to excessive amounts of silicone oiL Careful de- 
sign, control, and application of the silicone oil are recommended to obtain proper functionafity with the minimum amount 
needed for the shelf life of the product. 
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PART1CLE STAN DARDS 

Analysts of particie size distributfon depends on the instrument used and its method of calibration. Some available particie 
standards (count and size) are polystyrene latex beads, mono-disperse silica or polymethylmethacrylate (PMMA) beads, and 
poiydisperse glass beads. Ali of these standards are spheres, wlth a refractive index and density that are distinctly dlfferent from 
those of therapeutśc protein products. Because typical protein partides have irregular morphology and Iow optical eontrast, 
tbere are currently no standards avaiiabfe to consistently mimie the morphology and parameters of protein partides. 

Protein partides have a refractive index that is quite close to that of the matrix solution. This difference in refractive index is 
a critical parameter for detection of protein partides by methods that rely on light interaction to measure size distributton. It is 
important to establish standard reference materials that mimie the properties of protein partides (3). The development of 
standards that better resemble protein partides is currently an active area of research. These standards shouid serve as surro- 
gates for the actual protein partides in that the surrogate's properties mimie those of actuai proteins for the detection method 
of choice* This approach Es necessary because standards ustng proteins are Eimited by the following factors: (a) storage and 
transport shouid be at temperatures dose to -80° to achieve acceptable stability; (b) any non-ambient technique may affect 
the standard; and (c) protein partides are themselves quite varlable, making it difficult to have a singfe protein that would 
match all applications, 

$UBVISIBLE PARU CLE MEASUREMENT AND CHARACTERIZATION TECHNOLOGIES 

The following sections review the advantages, limitatlons, and appropriate uses of each methodology (see Tobie 2) that al- 
Iow assessment of a variety of characteristics of al! partides, especialJy for the inherent protein aggregates, induding size and 
distribution, size and morphology, and characfenzation. The methodology selected will affect reported particie size because of 
instrumental measurement princlples, modę of measurement, particie characteristics, preparation, and handling* It can also be 
affęcted by the algonthms applied to estimate size, volume, and count, Thus wlth any size measurement, the method used 
shouid be specified. Also, the units shouid be clearfy stated, because size can be provided using vanous parameters, usuatly 
hydrodynamic diameter, equivalent drcular diameter (ECD), longest chord, equiva!ent spherical diameter (ESC), Ferefs dianne- 
ter, or molecular weight. The list in Tobie 2 h not meant to be a fi inclusrve. 


Table 2. Methodologks Useful in Measuring Properties of Subyisible Partides 


SectSon Ir Size and Distributlon 

Technique 

Principia of Operation 

Rangę 

Light obscuration 

The size of the particie in the product fluid Is determined by the amount of light that it 
blocks when passing between the source and the detector. 

1 -300 pm 

EEectrical sensing zonę 
(Coulter) 

The size of the particie in the product fluid or selected electrolyte is measured fn terms of 
the change in reslstance as the particie passes through a microchannel (orifice). 

04-1600 Lim 

Laser 

diffraction 

The size of the partides in product fluid or dilution is determined by measuring the angle 
of the scattered light. 

0,1-3500 pm 


Sectk>n II: Size and Morphoiogy 

Technigue 

Prfnciple of Operation 

Rangę 

Light 

microscopy 

Photon imaging of substances directly in product fi u id s or mounts, or of Esolated sped- 
rrtens on substrates 

0.3 pm to 1 mm 

Flow imaqing anaEysis 

Digital image capture of the partides' magnified image in streaming product fluid, re- 
vealtng size, shape, and optical properties 

0.7-100 pm for size distri- 
bution; 4-100 pm for mor- 
phology 

Electron microscopy (EM): 
Scanning EM, scanntng 
transmission EM, and 
transmission EM 

Electron Imaging of spedmen isolates on substrates. High vacuum or near-ambient pres- 
sures is reguired. 

A to mm 


Section III: Characterization 

Technigue 

Prindple of Operation 

Rangę 

Fourier Transform Infrared 
(FTIR) microspectroscopy 

Photon imaging of isolated spec i mens on substrates 

10 pm to 1 mm 

Dispersive-Raman micro¬ 
spectroscopy 

Photon imaging of isolated specimens on substrates, or in product fluids or fluid mounts 

0.5 pm to 1 mm 

Electron microscopy (EM) 
wlth energy- 

dispersive X-ray spectrom- 
etry (EDS) 

X-ray photon emission from specimens energized by a focused electron beam 

A to mm for Imaging; 

1 jjm to 

1 mm for elemental conv 
positi on 
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Table 2. tliethodiilogies Useful iii Measuring Properties of 5ubvisible Partides (Continued) 


Section 1: Size and Distribution 

Techniątie 

Principle of Operation 

R^nge 

Electron microscopy (EM) 
with etectron energy loss 
spectroscopy (EELS) 

Endaslic scattering from specimens energized by a focused e-beam; e-loss is charactertstic 
of the source element; tompiementary to ED5 

A to mm for imaging; 0.5 
jam to 1 mm for elemental 
composition 

Time-of-Flight Secondary 
i on Mass Spectrom eter 
(TOF-SIMS) 

Identification of partides according to their mass spectra profile 

jim to near mm 

Staining assay 

Visible staining to gain qualitative conrirmation of unknown materials 

0.3 jam to T mm 


The accuracy of equipment used to determine particie size distribution is verified by calibration with reference partides of 
known eoncentration and slze traceable to the International System of Units, 

The concept of three-dimensional partide size is critical to understanding how particie standards interact with the various 
types of measurement equtpment and how to compare the results across methodologies. Different techniques use different 
measurements and afgorithms to determine size (e.g., volume equivalent diameter, surface equivalent diameter, and drag or 
Stok es diameter). 

SIZE AMD COUNT DISTRIBUTION 

Light Obscuration (working rangę 1-300 gm) 

PRINCIPLE OF OPERATION 

The sample is passed between a light source and a sensor Counts are generated when indivrdual partides pass between the 
two, disrupting the light, which yields a voltage spike. The height of each voltage spike depends on the size of the particie 
causing it. The particie size to be recorded is generated from a size-voitage response calibration curve constructed using 
monosphere, certrfied reference size standards (typicaiiy polystyrene beads). LO tabulates partide size as the diameter of a dr- 
de having an equivaient cross-section. The product may be sampled dlrectly from the Container, pooled from several contain- 
ers, or prepared as a difution (see generał chapters Globule Size Distribution in Lipid Injectable Emulsions (729), (788), Particulate 
Matter in Ophthaimic Solutions (789), and Methods for the Determination of Particulate Matter in Injections and Ophthalmic Solu¬ 
tions (1 788)). 

ADVANTAGE$ 

* Primary USP-NF method with large archive of historical data 

* Partides dlrectly observed in solution 

* Measurements are straightforward and quidc 

* Capable of unit-unit sampling; anaEyzes almost entire sample 

* EasiJy implemented 

* Med i u m-to-high sample throughput. 


LIMITATIONS 

* One sensor head cannot cover the fuli working rangę 

° Tabulates partide size as the diameter of a circle having an equiva!ent cross-section 

* Dilution of the sample may be reguired and may change sample properties 

■ Upper limits for partide load that can be measured depend on sensor used and potentlal for coincidence countlng 

° May underestimate subvisible protein partides formed in formulatton because of Iow contrast 

o Medium should be transparent for laser light 

* Senśitive to air bubbles, and some degassing techniques can change sample properties 

* Destructive, i.e., sample cannot be reused. 

Electrical Sensing Zonę (Coulter Principle) (working rangę 0,4-1600 pm) 

PRINCIPLE OF OPERAT!ON 

The sample is diluted into an efectrolyte solution and drawn through a smali aperture, passing between active electrodes, 
interrupting an eJectrlc field. Response Is based on the drsplacement volume of the eiectroiyte, and thus size is repcrted as the 
equivaient spherical diameter (the diameter of a calibration standard sphere of the same volume as the particie). The response 
is unaffected by partide type (e.g., variations in coior, hardness, opacity, refractive tndex). 
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ADVANTAGES 

* Determines particie size in terms of equivalent spherical vo)ume 

* Not affected by optical properties of the solution 

* Orthogonal technique to light-based methods, Le,, LO 

* Medium-to-high sample throughput for a single orifice. 

UMITATION5 

* Low particie concentration required 

* Each orifice Has llmited measuring rangę (2%-60% of orifice diameter) 

* Near the lower end of the working rangę, electrical noise may be hard to distinguish from true particie counts 

* For broad particie size distribution, morę than one orifice may be necessary, which wili invo]ve reduced sample through¬ 
put 

* Sample must be diluted in electrolyte solution if the fcrmuJation buffer does not have sufficient conductivity; the dilution 
may alter sample properties 

* Smaller orifices requfre higher conductmty of medium and can reguire significantly increased buffer concentration 
■ Destructive, i *e., sample can not be reused. 

Laser Diffraction (working rangę 0/1-3500 jim) 

PRINCIPLE OF OPERATION 

Laser diffraction detects particles passing through a laser beam as they scatter light at an angular distribution of intensity 
thąt depends on the size of the particles. Therefore, it is possible to calculate particie size distributions if the intensity of light 
scattered from a sample is measured as a function of angle. This angular Information needs to be compared with a scattering 
model (Mie theory) to calculate the size distribution. 

ADVANTAGES 


• Brief analysis time (up to 30 s) 

• Analytical samples can be retrieved 
■ Limited sample preparation 

• Scattering pattern ailows molecular mass calculation 
° High sample throughput 

• Large dynamie rangę. 


UMITATiONS 

■ intensity es directly proportional to size, which can lead to misinterpretation of the population 

* Analysis relles on a theoretical fit that requires refractive index and other optical factors 

* Medium shouid be transparent for laser light 

* Assumes particles are spherical and not interacting with each other 

e Low concentration of particles required; dilution may be necessary and may change sample properties 

* Complications can occur when comparing data from one instrument vendor to another 

■ Partide-particle interactions and occasionally multiple scattering may yieid apparent size results that differ significantly 
from actual particie size 

* Poor results for polydispersions when smali and large particles are presented simultaneously 

* For exact molecular weight calculation, monodlsperse oarticles are required. 

SIZE AND MORPHOLOCY 

Light Microscopy (LM) (working rangę 0.3 pm to 1 mm) 

PRINCIPLE OF OPERATION 

Optical or light microscopy involves passing light through a series of lenses after it is transmitted through or reflected from 
the p repa red sample. The light Is detected directly by the eye, imaged on a photographic piąte, or captured digitafly. Samples 
can be analyzed directly or after filter capture, Light microscopy can be combined with static imaging analysis, thereby ailow- 
ing digital images to be captured and further deconvolved using the software systenis in image analysis, When using image 
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analysis, one may seleet certaln parameters to screen out unwanted artifacts or particie populations (circufarity, aspect ratio, 
and others) and then begin studying the selected population set (see Optical Microscopy (776), (788), (789), and (1788)). 

ADVANTAGES 

° Direct observation of partides in product fluid and filter capture 

B Visuafization, counting, sizing, and morphologica! charactenzatlon of partides are readily obtained 

° Direct observation of particie may provide immediate reeognition and Identification 

* Can be coupied with spectroscoplc analyses (infrared, Raman) to identify Chemical compositjGn 

* Particie Identification can be enhanced vra image database search and comparison 

* Only smali sample volume is needed for direct observation 

* Membranę fiftration is secondary to the (788) LO method. 

LIMITATIONS 

* Time consuming 

* Low sample throughput 

* Limited depth of field at high magnification can affect sizing accuracy 

* Only a smali sample volume Es analyzed, so sampling must be done carefully 

■ For filter-captured samples, protein partides can pass through membranes and may present as amorphous background 

* For filter-captured sam pies, potential exists for sample preparation artifacts 

* Difficuit to visualize partides with low optical contrast; must use phase, differential interference contrast microscopy, po- 
larized light microscopy, and other methods 

* Destructive, i.e., sample cannot be reused for filter-captured samples, 

Flow Imaging Analysis [working rangę 0.7-100 pm (size) and 4-100 pm (morphology)] 

PRINCIPLE OF OPERAT! ON 

Th Es method captures digital images of materials within a flowing sample stream and uses post-coflection analyses of the 
stored images. As in optical microscopy, which is essentially a static image analysis system, dynamie image analysis orflow 
microscopy captures multipie separate images, in this case using a dynamie, flowing system. Dynamie image analysis uses the 
components of illumination, objective lens, and focusing iens of a microscope, and adds a ciosed fluid pathway within a de- 
fined dimensionai flow celi, pfus camera and processor for aeguisition and analysis, Thus, the method provides in situ condi- 
tions with realistic views of the partides. Visualization of the partides of gas, liquid, semisolids, or solids with this technique 
aids the interpretation of other in-suspension measurements that cannot MsuaEize the partides being studied. The partides are 
moving and are fikeiy tumbling, and this must be accountecJ for in the system design or data consideration. Increasing the 
system magnification and pixel resolution and reducing the flow celi depth will augment the guality of the captured image. An 
additional advantage of dynamie flow microscopy is the abiiity to apply size and feature analyses to the particie image. Also, 
any number of additional algorithms may be applied to study the colfected image set as necessary. Particie image clarity, con¬ 
trast, and shape may indicate possibfe source or type of particie, and with suffident comparator data, mathematfeai filters can 
be applied to analyze and guantify different populations in a sample. This approach has been used to help distinguish silicone 
oii from protein aggregates. 


ADYANTAGES 

■ Direct observadon of partides in product fluid (in situ) 

B Analysis of captured digital images allows visualization, counting, sizing, and characterization of partides 

* Retained images may be further analyzed by different aigorithms 

* Actual particie images faciiitate understanding of contamination sources and product naturę 

* Compared to LO or membranę microscopy (MM), inereased sample volume and reduced analysis time 

* Morphofogy and re!ative refractive index of partides apparent, easily cafibrated 

* Technique can be used with image databases to identify some partides 

* High repeatability, high resolution, and good se!ectivity 
<* Medium-to-high sample throughput. 

LIMITATIONS 

* Minimum particie size necessary 

■ Resuits dependent on algorithm used to seleet, dassify, and size partides 
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* DEfficuit to visuaiize and appropriately quantify number and size of particies with Iow optical contrast, such as translucent 
protein s 

* Dllution of sampie may be reąuired and may change sampie properties 

* Destructive, Le v sam ple cannot be reused, 

Electron Microscopy (working rangę Angstroms to mm) 

PRINGPLE OF OPERATION 

In EM, a beam of eiectrons is used to ii luminale the samples and produce a magnified image. The practrcal spatial resolution 
limit of EM for biologicai sampjes is approximately 1 nm, which greatly exceeds resolution reguirements for typka! >0.1-pm 
particies in protein soJutions. For EM analysis, subvisibte particies should be efther individually isolated or captured on a suita- 
ble fiiter and then mounted onto spectąl grids or stabs for observation in the microscope, Traditional EM operates in high vac- 
uum (about I CH Torr), Sampie drying and coating is a requtred preparation step, Newer technologies allow examination of 
uncoated, as-Is samples (environmentaJ or wet EM). DetectEon techniques are divided as follows: (a) scanning eleetron mkro- 
scopy (SEM), which may use secondary eleetron or back-scatterEng signals; (b) transmission eleetron microscopy (TEM), which 
visualizes efectrons penetrated through sampie; and (t) scanning tunneting eleetron microscopy (STEM), which combine SEM 
and TEM prlnciples (see aiso Scanning Electron Microscopy { 1181)), 

ADVANTAGE5 

■ Vrsualization, counting, sizing, and morphological characterization of particies are readily obtained 

8 Direct observadon of particie may provide Emmediate recognition and Identification 

° High repeatability, high resolution, and good selectivity 

8 Information about Chemical composition of object can be obtained uslng energy-dispersive spectroscopy (EDS) or elec- 
tron energy loss spectroscopy (EELS) (see below) 

® Enhanced depth of field compared with photon methods 

■ Image analysis and building permits quasi-3D imaging of particies. 

LIMITATIONS 

* Tlme-eonsuming preparation and analysis 

* Low sampie throughput 

» Possible changes in struć turę and si ze may arise from sampie preparation and high-vacuum opera tion 

* Specialized sampie preparation requirements may exist, depending on the naturę of the sampie 

8 Contrast staining with heavy metals saits may be requlred for enhancing protein samples 

8 Protein particies are fiexible and can pass through membran es 

8 Destructive, i.e., sampie cannot be reused. 


CHAKACTE5S8ZAT10N 

Characterization of the protein active ingredient includes not only size distribution assessment but also determination of the 
Chemical naturę of the primary protein as we!) as conformation, aggregation, and sdf-associated species (see Tobie 1). The size 
of the fundamenta! particle-aggregate is Important; however, the naturę of the solEds and the association with other species 
are simiiarly important. 

Fourier-Transform Infrared (FTIR) Microspectroscopy (working rangę 10 pm to 1 mm or greater) 

PRINGPLE OF OPERATION 

When light interacts with a substance, the light can be reflected, absorbed, or scattered. Infrared spectroscopy determfnes 
the vibrationai properties of matter, typically in the 20CMC00 cm- 1 rangę, by analyzing the interaedon with light while detecb 
ing the absorption of photons. In additEon, the use of microscopy-based instrumenty thus microspectroscopy, allows selection 
of EndivEduai particies or domains of interest, with the benefEt of filters and poiarizers for microscopes and the ability to capture 
an image, along with vibrational or other imaging data, Vrbrational spectroscopy technigues are particularly useful for analysis 
of particies in protein soJutions. 

Particies can be isolated individual!y or captured on a membranę fiiter and then analyzed using FTIR microscopy, Because 
the infrared signaf from water tnterferes strongly with protein bands, Ehese samples usuafly reguire thorough drying before 
analysis. Typicafly, FTIR microscopes can operate in either image modę or spot modę. fn image modę, the infrared signals are 
collected from individual pixels in the pre-defined area, However, spot modę usually provides higher signal-to-noise ratio, be- 
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cause the combined infrared signal is collected from the a~ea defined by the aperture size. Many organie compounds have 
unique infrared signatures. Spectra collected for an individual particie can be analyzed by performing an infrared spectra li- 
brary search or by comparing the particle's spectra results with those of suspected materials. 

ADVANTACES 

o MEcrospectroscopy has the same sam ple advantages as LM 

** FT instruments excel compared with dispersive spectrom eters {grating monochromator) for particie analysis 

* Provides rapid Chemical identification and classification of particles, manually or automatically, in comparison with spec- 
trał databases 

* Identification, structure, and composition can be derived from spectral data 

* Provides some information on protein structure 

* Nondestructive; sam pies can be reused. 

LIMITATIONS 

* May have the same limitations as LM 

* FTIR provides strong absorption for common materia Is, such as silicones, water, and glass, which may interfere with or 
binder sample analysis 

* Identification depends on ayailabillty of information on possibfe components in spectral libraries 

* Particie size limit is dependent on instrument resolution (~10 pm for FTIR) 

° Process of particie identification becomes time consuming, if not available in a database 

* FTIR is not sensitive to many inorganic materials or otner molecuies that do not possess a dipole moment 

* Certarn detectors are not sensitive to inorganic materials. 

Dispersive-Raman Microspectroscopy (working rangę 0.5 pm and greater) 

PRINGPLE OF OPER ATI ON 

As with infrared spectroscopy, Raman spectroscopy is the study of how light interacts with a substance. A defined, mono- 
chromatic photon source (laser) is focused on the sample, thereby producing reflectance, absorption, and scatter, probing the 
same vibrational States probed by infrared microspectroscopy. Specifically, Raman spectroscopy is the study of the melastically 
scattered photons (Raman scattering), Photons are also scattered elastically (Rayleigh scattered) with no change in wave- 
length, but are of use only to rnark the laser exdtation energy. A virtuaf excitation State is attained, which then relaxes to a 
base vibrational or rotational State, emitting energy charactenstic of a functional group such as moiecular and related atoms. 
Lower (Stokes) and higher (anti-Stokes) shifts are recorded due to interaction with the eiectron cloud of the functional group 
bonds. Lasers are used because only a very smali proportion of Raman-scattered photons (only about 1 in 10MO S ) exhibit 
wavelength shift. Raman microspectroscopy combines a light microscope with a coincident laser and white light pathway. The 
microscope, with the benefit of filters and polarizers, ards in selection of individual particles or domains of interest to ailow 
capturing of an image, along with vibratlonal spectra. 

Fourier-Transform Raman is generally complementary to dispersive Raman, and in using longer wavelength excitation yields 
little sample fluorescence. One important advantage of Raman microscopy compared with infrared is the ability to analyze 
agueous samples dlrectfy, oflen in glass sample bolders. Indmdual particles can be analyzed in situ, and in some cases directly 
in the Container, if if does not interfere with the Raman signal. Similar to the infrared analysis, unknown spectra can be ana¬ 
lyzed either by a spectral library search or by matching the spectra of individual reference compounds* 

Raman spectroscopy Lheory and technigues are further described in Ramon Spectroscopy (11 20), 

ADVANTAGES 

* Same sample advantages as LM 

3 Dispersive instruments exce[ over Fourier-Transform spectrometers for particie analysis 

° Rapid Chemical identification and classification of particles, manually or automaticaily by comparison with spectral databa¬ 
ses 

6 Identification, structure, and composition can be derived from spectral data 

* Provtdes some information on protein structure 

* Good lower size limit; instrument resolution is -0.5 jim for dispersive-Raman technique 

* Raman analysis viable for many organie and most inorganic compounds 

* Identification uses Raman shift data, known for moiecular categories and functional groups 

e Nondestructive; samples can be reused 

® Glass and plastic packaging have weak Raman spectra, thus interference from packaging is minimized. 
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UM1TATIONS 


* Same limitations as with LM 

* Specimen fluorestence may hinder data colleetion 

* With sensitive sam pies, there can be laser-induced changes (beat, Itght) 

* Many organie species yield no Raman shift; that is, there is no molecular polarization 

■ Identification may depend on the Information available in proprietary and public specfral libranes. 

Electron Microscopy (EM) with Energy-Dispersive X-Ray Spectrometry (EDS or EDX) (working 
rangę for quałitative analysis, 0.1- to 3-pm partlcles; for semiquantitative analysis, >3-pm 

particles) 

PRINCIPLE OF OPERATION 

£nergy-dispersive X-ray spectrometry (EDS or EDX) is based on characteristic X-ray photon emission generated from a spęd- 
men Lhrough interaction with a hlgh-energy sourte, such as an efectron beam. Typically, an elemental intensity is piotted 
against X-ray emission energy, which correlates with the content of atomie valence shell transition energies. Current instru¬ 
ment technofogy uses thin-window and windowless detectors positioned near the sample in EM systems, which improves de- 
tection and signal-to-noise ratio for all elements, especialfy lighter elements, e.g., Z< 11 (sodium). Im media te, qualitative ele- 
mental composition is attained for solid spedmens (see also <1181) for generał EM and related EDS background Information), 

ADVANTAGE5 

* Complementary to EM and avatlable for most commercial electron microscopes 

* Determines elemental composition of the sample 

— Rapid quaiitative colleetion for smail particles 

— 5emiquantitative analysis (1% LDL and ±20% RSD) possible in controlled experiments 

* Most useful during survey fnvestigation of particie origin 

* lnvolves manuał elemental screening and/or search of databases 

* Elemental mapping can assist in protein particie visualization. 

LIMITATIONS 

* Not all Instruments are equipped for determlnation of light elements (e.g., Z< T1) 

* Quantitative analysis entails measunng linę Intensities for each element in the sample and for the same elements in cali- 
bration standards of known composition 

* Strong background may be eontributed by filter membranę materia! and sample coating. 

Electron Microscopy (EM) with Electron Energy Loss Spectroscopy (EELS) (working rangę 0.5 pm 

to 1 mm) 

OPERATION PRINCIPLE 

Electron energy loss spectroscopy (EELS) measures the vibrational motion of atoms and molecules on and near the surface 
by analyzing the energy spectrum of low-energy electrons back-scattered from it. 

ADVANTAGE5 

■ Used in conjunction with transmission efectron microscopy 

* Determines elemental composition of the sample, especially light elements (e.g., Z< 11) 

* Can provide information about Chemical bonding 
® Qualitative and quantitative analyses are possible 

* Has lower detection limits than in EDS. 

LIMITATIONS 

* Difficult to interpret 

* Strong background 

* Quantitatrve analysis entails measuring linę intensities for each element in the sample and for Lhe same elements fn cali- 
bration standards of known composition. 
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Time-of-Flight Secondary lon Mass Spectrometer (TOF-5IMS) (working rangę pm to near mm) 

OPERATION PRINCIPLE 

Time-of-Ffight Secondary lon Mass Spectrometer (TGF-SIMS) is a surface-sensitive analyticaf method that uses a pulsed ion 
beam [microfocused ceslum (Cs) or gallium (Ga)] to remoye mofecules from the very outemnost surface of the sample. The 
particles are removed from atomie monolayers on the surface (secondary ions). These particles are then acceierated into a 
"flight tuba", and their mass is determined by measuring the exact tirne at which they reach the detector (Le. # time-of-flight). 

ADVANTAGES 

* $urveys of all masses on materiał surfaces; these may include single ions (posttive or negative), indmdual isotopes, and 
molecular compounds 

* EJemental and Chemical mapping on a submicron scalę 

* High mass resolution, to distinguish spectes of similar nominał mass 

* High sensitivity for tracę eiements or compounds, on the order of ppm to ppb for most species 

* Surface analysis of insulating and conducting samples 

* Depth profiling (in the near surface environment, on the order of individual atomie layers to 10 s of nanometers) 

* Nondestructive analysis 

* RetrospectNe analysis, for post-data aeguisition analysis and interpretation of stored images and spectra 

LIMITATION5 

* Cenerally does not produce quantitative analyses (semi-quantitative at best) 

* Optical capabilities typically limited, making it difficult to find grains or specific regions of interest for analysis 

* Charging may be a problem in some samples, although charge compensation routines are generally suffident to over- 
come these problems 

* There is commonly an image shift when changing from posilive to negative ion data ooilection modę, making it difficult 
to collect positive and negative ion data on exactly the same spot 

Staining Assay (working rangę 03 pm to 1 mm) 

OPERATION PRINCIPLE 

Staining methods utilize reagents to provide specific reactions, such as visible staining or fluorescence, which proyide quali- 
tative confirmation of an unknown matenals category or identity. Generally conducted via microscopical methods; microscopy 
advantages and limrtations apply. 


ADVANTAGES 

* Direct observation of staining effects upon particles in product fluid and by filter capture 

* Visualization, counting, sizlng, and morphological characterization of particles are readlly obtained 

* Direct observation of particie may provide immediate recognition and identification 

* Can be coupled with spectroscopic analyses (infrared, Raman) to identify Chemical composition 

* Surface analysis of insulating and conducting samples 

* Particie Identification can be enhanced via image database search and comparison 

* Only smali sample volume is needed for direct observatron 

UMITATIONS 

* Low sample throughput 

* Limited depth of field at high magnrfication 

* Only a smali sample volume is analyzed, so sampling must be done carefully 

* For filter-captured samples, protein particles can pass through membranes and may present as amorphous background 

* For filter-captured samples, potential exists for sample preparation artifacts 

* Difficult to yisualize particles with Iow optical contrast; must use phase, dlfferential interference contract microscopy, po- 
Jarized light microscopy, and other methods 

* Destruetive; that is, sample can not be reused forfilter-captured samples 
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STRATEGY 

Partides in therapeutic protein products generał ly have continuous size distributions with exponentially higber nu m bers of 
the smafler(<10 pm) partides. Information generated from analysis of inherent protein partides can be used for guiding devel- 
opment efforts and to fadlśtate communlcation and understanding of this important guality attribute of therapeutic protein 
products. A rational strategy should be deve!oped for characterizing protein aggregates or partides. The categories in Tobie 7 
provide a guideline for differences observed between types of protein aggregates, recognizing that stze distribution analysis of 
these species is important, but it is not the only informative characteristic. Describing the eharaeteristics of the protein aggre¬ 
gates in the manner shown in Tabłe ) can help define the oopulation and/or eharaeteristics that may be the most important 
for assessment of the effect on product quality. 

To obtain a comprehensive characterization of the particie distribution, a variety of analyticai technigues must be applied. 
There are a number of techniques available to measure and characterize partides, each with its advantages and limitations. 
Multiple methods are needed because they differ in their ability to analyze specific attributes of the particie. By using orthogo- 
nal methods, one can better ascertain the naturę of the partides (extrmsic, mtrinsic, or inherent), the size distribution, and 
other aspeets that may alfow differentiation between partides. Information about the particie charactenstics can be used to 
perform a risk assessment around the presence of aggregates and to help identify potential mechanisms of formation. This 
knowledge about the partides 1 charactenstics can also be used during formulation and process development to inform choices 
of the formulation and process steps, whith can help in reducing the overall particie content of the drug product. 

A comprehensive strategy forassessing subvisible partides involves multiple phases from development through commerdalT 
zation and during marketing. Particie measurement/characterization may begin as early as candrdate selection, with the use of 
high-fhroughput techniques to predict particulate-forming tendencies of the molecules under tonsrderation. This involves us¬ 
ing smali amounts of materiał and providing a relative ranking of aggregatton propensity. 

Earfy Development 

At this stage, the focus is on understanding the typical particie profile for the product, including the size distribution and the 
charactenstics of the aggregates most eommonly seen in the drug product. The particie size and count in the 7- to 100-pm 
rangę should be monitored at the tirne of manufacture and during stability, 

Late Development 

At this stage, the focus is on understanding the drug product and comparability between lots, as well as the linkage be¬ 
tween particie size analysis and formulation, manufacturing, and use. Particie size and count in the 1- to 100-um rangę should 
be monitored in cltnicaJ batches. Enhanoed characterization of aggregates and partides, including pivotal product batches, 
should be performed. Quantitative and qualitative data about the sutmsible partides formed under storage, use, and stress 
conditions should be collected, and risk mitigation strategies created. When the finał method for monitoring the product's 
particie size and count is chosen, eon troi strategies for inherent and mtrinsic partides should be established. The overall con¬ 
tro! strategy developed may include action limits beyond which an investlgation may be warranted. 

Marketing 

At this stage, one should coliect data over commertial batches to align with the overail control strategy, which may include 
the sub-lO-^m (1- to 10-pm) rangę, Use quantitative as wel as qua!itative analysis during the management changes for the 
post-marketing life cyde. When an investigation occurs, the knowledge obtained during development can be used to design 
mitigation strategies. Stability studies are atso part of life cycie management, and are addressed la ter in the Application section. 

OveraiI Perspective 

łn-depth characterization of aggregates during development, coupled with correfation of results from these tests to those 
used for product release {sueh as LO), may provide the basis for a rational, overall control strategy. Aggregates are usually 
present in a continuum of size from oligomers to partides that are hundreds of micrometers. If a correlation (or mathematical 
relationship) can be demonstrated in the counts of partides from oligomers through the >25-|_Lm sizes assessed as part of the 
compendial method, it might be possible to rely on the LO determination of the >10- and >25-^m particie content to reveal 
the effect of changes and trends in manufacturing on 1- to 10-pm partides. In this situatlon, the overall control strategy would 
be used to establish action limits for partides >10 pm, which when exceeded would trigger an investigation, including the 
characterization methods discussed in this chapter. 
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SAMPLE CON5IDERATION5 

Certain aspects of sample handling and volume reguire special consideration. Handling and degassing procedures need to 
be developed and applied to avoid artifacts such as fafse positwes attributable to bubbles, or aggregates generated during the 
sample preparation steps. Under certain circumstances, d lution of samples may be necessary to obtain reliable results. Aspects 
of sample handling are described in (787), 


APPLICATION 

A key focus during development of a protein drug product is to gain knowledge about the naturę, source, and number of 
inherent partides/aggregates present in the therapeutic formula, as well as their stabiNty and overafl effects on product quality, 
safety, and effitacy. 

Protein aggregates in the 1- to 10-pm size rangę may also carry a risk of potentiating immunogenicity against the therapeu¬ 
tic activity (4,5). From a produot~deveJopment perspective, changes in the eon cen trąbom of proteinaceous subvlsible particles, 
particulady in the 1- to 10-pm rangę, can be an early and sensitive indicator of potential issues with product stabitity (6,7). 
Apart from stabifity, particles in these size ranges shouJd also be measured as part of the risk assessment exercise to rmprove 
understandmg of how various stressors and conditions of use affect the product. These conditions could include thermal, 
freeze/thaw, light, transport, dilution/admixture, and use charaeteristrcs, Particie counts in the 1- to 10-pm rangę tend to be 
significantly (orders of magnitude) greater than Ehose in the £lQ-pm rangę, This makes the 1- to 10-pm rangę useful for the 
purpose described above, because changes can be easier to observe. However, the counts also tend to be quite variahle, and 
thus the ability to discern trends requtres proper Controls, adequate sampling, and good technique, 

Detailed charactenzation of subvisible particles, especially inherent particles, provides Information that can support the for- 
mulation and product development program, ieading to a robust process and commercial eon troi strategy. On the other 
hand, although charactenzation alone may not reveal possible correiations between an immune response and aggregates/ 
particles, the use of mułtiple methods applied to multiple drug product lots helps inform the definition of product qualtty, 
which can be linked to safety and efficacy data obtained from ćlinical trials. This knowledge is also useful in life cycle manage- 
ment, such as movement of product between manufacturing sites, changes in presentation (ligurd to lyophilized; vial to prefil¬ 
led syringe), and changes in strength. 

To illustrate these points, two examples are presented beiow; they show ways that complementary techniques can be used 
to gain product knowledge. 

Example 1: Comparison of Drug Product Configurations 

Not all drug products are formulated as liguids. In one case of a lyophilized drug product frlled in glass vials, a liquid formu- 
lation in a prefilled syringe configuration was developed to facilitate patient administration. A comparison of subvisible particie 
counts by LO was expected to show that the particie count of the reconstituted lyophilized formulation was higher than in the 
IEquid formulation, but the opposite results were observed, with the lrquid formulation containing significantly higher levels of 
particles >2 jim [-130,000 particles per Container (ppc) compared to -30,000 ppc]. These samples were then assessed by the 
MM method, and the results were morę consistent with the expected outeome: for particie sizes >5 pm, the lyophilized formu¬ 
lation contained -70 ppc compared to -*14 ppc for the liquid formulation. Analysis was then performed using flow microscopy 
to understand the discrepanty in results between the MM and LO methods, Flow microscopy supported the LO results, with 
the liquid formulation showing higher numbers of particles >2 pm (-600,000 ppc) compared to the lyophilized formulation 
(-150,000 ppc), ExaminatJon of the structure of the particles revealed a different morphology in the liquid formulation, with a 
predominant number of the particles exhibiting a spherical shape, consistent with the presence of silicone oil droplets from the 
prefilled syringe Container. These results were eonfirmed by testing a sample of the liquid formulation that had not been ex- 
posed to the prefilled syringe (the source of the silicone oil), which showed <20,000 ppc, Once the silicone oil droplets were 
accounted for, the number of remaining particles in the liquid formulation in the prefilled syringe was lower than in the lyophi¬ 
lized formulation, consistent with the MM results, 

Example 2: Selection of Filling Technology 

Filling processes can affect product quality by introducing physical stresses such as adsorptłon, shear, friction, and cavitation, 
which may lead to protein aggregation, Certain drug product filling pumps may shed extrinsic particles that can lead to heter- 
ogeneous nucleation-induced aggregation. 

The effect of using a stainless Steel displacement piston pump on the subvisrble particulate content of Solutions was investi- 
gated using multiple teehniques to analyze the particulates in soiution (8). Coulter counter analysis of a buffer solutron passed 
through the pump revealed that the pump shed particles in soiution, with the pumped solutron containing >13,000 particles 
per mL in the 1.5- to 6-jam rangę, Elemental analysis eonfirmed that the particles were stainless Steel. Analysis of the particie 
size distribution in this solutron, performed using a laser diffraction particie slzer, showed that most of the particles were be¬ 
tween 0.25 and 0.95 pm. Incubation of stainless Steel nanopartkles with a soiution of MAb-Y led to rnereases in both the num- 
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ber of partides and the partide size distrfbution over time, Characterization of the partides by FTIR spectroscopy showed that 
the protein adsorbed onto the metal partides contained a slightly perturbed secondary structure compared to the protein in 
solutson. If was conduded that the metal partides served as nudeatian sites for protein aggregation. In this case, selection of a 
different type of filier may be warranted to mitigate protein aggregation. 

A comparrson of the effect of different pump types on subyisible particulate formation in a solution of MAb-Z was performed 
(9). Flow microscopy showed that piston pumps, madę of either stainless Steel or ceramic, produced partides in the size rangę 
of 1-4 00 pm at levels approximately 100-fold higher than the control samples, Examination of the microscopic images of 
these partides revealed that the partides were translucent, suggesting they were protein based. Incubation of the protein solu- 
tion with shed partides from the piston pumps did not fead to a significant increase in either the partide size distribution or 
particie counts for these soiutions, indicating that extrinsic partides did not serve as nucleation sites for the protein, In this 
case, the formation of partides in the solution was considered to be from shear stress caused during the pumping operation, 
These results were supported by examination of other filier types (peristaltic, time-pressure, and rolling diaphragm), which 
produced Solutions with signifkantly lower partide load. 


5UMMARY 

This chapter provides strategies for descrrbtng, cbaracterizing, and identifying the particie content in therapeutic protein in- 
jections, induding extrinsic and rntrinsic particie population, Information regarding specific methods that can be used for 
these purposes, as well as their adyantages and limitations, is discussed. A rational, comprehensive control strategy can be de- 
yeloped on the basis of an in-depth characterization of aggregates during deveiopment, coupled with correlation of results 
from these tests to those used for release. Aggregates are usualiy present in a continuum of srzęs, from oligomers to partides 
that are hundreds of micrometers, Correlation in the counts of partides from oligomers through the >25-pm size, assessed as 
part of the compendiai method, may make it possible to rely on the LO determination alone to reveaf changes and trends in 
manufacturing. In this situation, the overall control strategy woufd be used to establish action limits for partides >10 pm, 
which when exceeded wouid trigger an inyestigation, induding the characterization methods discussed in this chapter, 
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<1 788) METHODS FOR THE DETERMINATION OF PARTICULATE 
MATTER IN INJECTIONS AND OPHTHALMIC SOLUTIONS 


INTRODUCTION 

It is the intent of USP generał test chapters Injections and impfanted Drug Products (1) and Particulate Matter in Injections 
(788) that systems, packaging, and form ula Lion be selected and developed (or refined) with regard to commerciai product 
cleanliness and stability. Process streams, eguipment, filling lines, pumps, staging tanb, fili lines, personnel gowning and be- 
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havior, and enyironmental quality alf may contribute particulate matter to the filfed product. Insuffident deaning of product 
components and inappropriate sefection of both container/closure Systems and formula components may contribute to imme- 
diate and even long-term generation of particles. AJI of these contributors to particulate matter and finał product guaiity may 
be evaluated by the methods tn (788) or yarłations thereo\ 

The requirements of (788) should be considered for all parenteral preparations unless specifkally exempted by chapter (788) 
or by monograph, What about dose forms for which (788) cannot be directly applied? Alternate methods and/or eyaluation of 
process streams, vehicles, or components should be considered. For example, sterile suspensions with known active ingredient 
solids and light obscuration for the detection of extraneous matter are impossible to dlfferentiate from product solids. For sus- 
pended solids above the nominał porosity of the (788) membranes, membranę microscopic assay will have signifkant mterfer- 
ence from the solids. Only direct (788) evaluation of container/closure rinsates, and product yehicle is possible for these sus- 
pension Systems by the (788) methods. One may explore alternate methodologies such as 

(a) particie determination of product treated with soivent to dissolve all product solids, or 

(b) use of centrifugation to separate product solids from the vehide, or 

(c) use of selected screens or sieves to separate product solids from the product vehicle to minimize product solids interfer- 
ence. 

Due diligence using (788) methods, variations of (788), and alternate method strategies for the investigatron of best product 
design occurs during development and may be continued in selected evaluations during commercial production. 

Methodology for the determination of particulate matter in injections is contained in USP (788), which has been harmonized 
with the European Pharmacopoeia and the Japanese Pharmacopoeia. Sections on instrument standardization for light obscura¬ 
tion and other method details were excluded from the harmonized chapter. Chapter (789) Particulate Matter in Ophthalmic 
Solutions has not been harmonized. Chapter (1788) includes important instrument standardization and calibration Information 
applicable to (788) and (789); it also includes recommendations forsample handling, laboratory environment, operator train- 
ing, and generał advice applicable to the microscopic method, 

Chapter (1) requires injections to be essentrafly free from particulate matter that can be observed on visual inspection. The 
term "essentrally free" has been difficult to define because particie detectability is influenced by their number and size, among 
other factors, The absolute limit of yisibility, or detectability, is equivocal and depends upon the test conditions and the naturę 
of the particulate matter. The lower end of the yisible rangę certainly crosses over sub-visible detection capabilities in (788) 
and (789). Literaturę reports yisibility extending to 50-j.im, 100-pm, and 150-pm size (see References 1 and 2), and membranę 
assay can isolate and size particles to 1000 pm and larger, 

Chapter (788) speclfies limits for the sub-visibie particulate matter content in injections in two size thresholds, Likewise, 

(789) establishes particie content expectations for ophthalmic Solutions in two (Light Obscuration, or LO) or three {Membranę 
Microscope, or MM) size thresholds. The tests described in (788) and (789) are physical limit tests performed for the purpose 
of enumerating sub-visible particles (particulate matter) within specific size ranges {see Figurę I)* 

Size domains considered in USP <1>, <788>, <789> 
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Figurę 1. Increasing Probabiiity of Visual Detection. 

Chapter (788) States, "Particulate matter consists of mobile undissolved particles, other than gas bubbles, unintentionaliy 
present in the Solutions," Using the (788) test methods, any semi-solid to solid materiał (and even immisdble liquids) that trig- 
ger LO detector response above a selected size threshold will be tabulated. 

There are two generał categortes of particulate matter sources: extrinsic and intrinsic, LO and MM methods will detect and 
tabulate particles of both categorles, Extrinsic materiał is additiye, foreign, and unchanging, and not part of the formulation, 
package, or assembly process. 

Examples of extrinsic materiał include fibers, cellulosic matter, vegetative matter, corrosion products, paint/coatings, and 
building matę hals such as gypsum, concrete, metal, and plastrc, Extrinsk particles are addttive and generaily non-changing 
over the life of the product, unless by fragmentation, swelling (hydration), or degradation. Fragments of rubber, plastic, metal, 
and glass are examples of extrinsrc particulate matter deposited in the product during assembly or not removed in the Con¬ 
tainer preparation process, However, if these typlcaily extrinsic types have corne from the specrfk package and/or process in a 
morę eonsistent or chronic manner, then one may consider their presence to be an intrinsic variety, with a similar level of con- 
cern. 

Intrinsic materiał is associated with the package, formulation ingredients, and process or assembly process. Intrinsk materiał 
may afso be exfraneous materiał carried by the package or process and insuffidently removed. Intrinsic materia! may indeed 
change upon aging, due to concentration change, degradation, and acceieration of reaction. 
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Intrinsic sources are inherent in the product and process—formulation, package, and commercial assembly steps. Intrinsic 
sources represent a variety of phenomena yieiding unwanted substances, such as: (a) extractton, (b) leaching, (e) degradation 
of ingredient (active orexdpient), (d) change of ingredient by predpltation/salt form/orystalfine form, (e) change of package 
physical integrity, (f) change of impurity level, (g) change of mieellar assodation, (h) oligamerization, and (i) package- and 
process-related maferials not removed during product assembly. Combinations of aEI of the above and physical phenomena 
such as aggregation, sedimentatron, and coalescence by matrix (olls, semi-solids) may bring smaller particles (<10 pm) into 
the detection zonę of the test method {>10 pm). Intrinsic sources of detectable particulate matter are of great concern, sińce 
the substance may be present, however, not evident until particles form over time, even long after lot release. 

The intrinsic categorization should be recognized as different from inherent formulation character, Solution properties such 
as a slight haze or faint coloration of high concentration formulas and protein formulations are typical examples of an inherent 
characteristic of the product fluid, and while the conditton may cause difficulties in inspection or LO assay, are not particie- 
related. 

Certain solution formulations may not be easily analyzed by LO, The LO method may encounter problems with a product 
that does not have clarity and a viscosity approximating those of water, Further, formulation characteristics such as co lor, high 
viscosity or inherent formulation properties, such as shear-induced changes, may generate erroneous LO data. Similarly, prod- 
ucts that produce airor gas bubbJes when drawn into the LO sensor, such as bicarbonate-buffered formulations may generate 
erroneous data. For these product types the MM method may have to be used. Dotumentation demonstrafing that the LO 
procedurę is incapable of testing the test article or produces invalid results may aid regulatory filing strategy. It is expected that 
most test artides will meet the reguirements on the basis of the LO test alone; however, it may be necessary to assay some test 
articles by the LO method followed by the MM method in order to reach a concluston. 

There may be a desrre to test lower volumes of certain products, due to llmited sam ple, high product cost, Iow Container 
vo!ume, or due to special fluid delivery characteristics. Examples indude biopharmaceuticals, lowwoiume parenteral and oph- 
thalmic products and formulations in novel packages intended for specific medical targets, The expectation is Hmits compli- 
ance for these products; however, one may employ methods validated by the manufacturer to demonstrate conformance with 
the test limits, Special iow-volume "sippets" for LO sampling and the pooling of multiple containers may be necessary for 
these package presentations. Consider this example: a lowwolume (IGO-pL) product is packaged in a pre-fllled sterile syringe. 
The naturę of the package allows simple de!ivery of the solution product and may be used for direct sampling, but the T GG-pL 
volume predudes the pooling of the larger vo!umes (-25 mL) for the LO method. Direct sampling to a smal! membranę for 
microscopical counting and evaluating single and pooled package particie content may be the optima! means to collect data, 
Also in this example, careful statistical evaluation of the batch population using smali sample voiumes (but not doses) wil! be 
necessary to validate product acceptability, 

LIGHT OBSCURATION PARTICLE COUNT TEST 

Test Apparatus 

The apparatus is a liquid-borne particie counting system tnat uses a light-obscuration sensor with a suitable sample-feeding 
dev!ce to del3ver controJled aliguots of sample for analysis. Suspended particles in the sample fluid flowing between a light 
source and sensor produce changes in signa! that are correlated to particie dimension. Due to the naturę of the detection and 
counting system, air bubbles and immiseible liquids may błock sufficient light to be recorded along with the target suspended 
particles. These artifacts must be diminished through proper preparation technigues. Solutions with excessive immiseible liq- 
ulds may not be amenable to LO analysis, A variety of suitable devices of this type are commercially ayailable, It is the responsi- 
bility of those performing the test to ensure that the operating parameters of the instrumentation are appropriate to the re- 
guired accuracy and precision of the test result, the artifacts and interferences inherent in certain products and with certain 
methods of preparation are eliminated or accommodated. An example is a protein formulation that may form shear-induced 
semi-sofids due to mixing and counted as "particles/' AdeqLate training must be provided for those responsible for the techni- 
cal performance of the test 

It is important to notę that for Pharmacopeia! applications the ultimate goal is that the particie counter reprodudbly slze and 
count particles present in the materiał under investigation. The Instruments a^aflable rangę from systems where callbration 
and other components of standardization must be carried out by manuał procedures to sophistfeated systems incorporating 
hardware- and software-based functions for the standardization procedures. Thus, it is not posslble to specify exact methods to 
be followed for standardization of the instrument, and it is necessary to emphasize the required end result of a standardization 
procedurę rather than a specific method for obtaining this result. This section is intended to emphasize the criteria that must 
be met by a system rather than specific methods to be used in their determination. It is the responsibilrty of the user to apply 
the various methods of standardization appltcable to a specific instrument Critica! operational criteria consist of the following. 

SENSOR CONCENTRATION LIMITS 

Use an instrument that has a concentration limit (the maximum number of particles per mL) identified by the manufacturer 
that is greater than the concentration of particles in the test spedmen to be counted. The vendor-certified concentration limit 
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for a sensor is sperifted as that count !evel at whfch comcidente counts due to the simultaneous presence of two or morę parti- 
des in the sensor view volume compose less than 10% of the counts collected for 1G-pm partides. 

SENSOR DYNAMIC RANCE 

The dynamie rangę of the instrument used (rangę of sizes of particles that can be aecurately sized and counted) must En- 
clude the smallest particie size to be enumerated in the produets. 

Instrument Standardization Tests 

The folbwing discussion of instrument standardization emphaslzes performance criteria rather than specific methods for cali- 
brating or standardizing a given instrument system, This approach is particulariy evident in the description of calibration, 
where allowance must be madę for manuał methods as well as those based on firmware, software, or the use of electronic 
testing Instruments. Appropriate instrument quafification is essential to performance of the test accordrng to requirements. 
Since different brands of Instruments may be used in the test, the user is responsible for ensuring that the counter used Es op- 
erated according to the manufactureris specific instruction; the principles to be folbwed to ensure that Instruments operate 
within acceptable ranges are deftned below. The followlng information for instrument standardization hefps ensure that the 
sam ple vo!ume accuracy, sample flow ratę, particie size response curve, sensor resolutlon, and count accuracy are appropriate 
to performance of the test. Conduct these procedures at intervals of not morę than six months, 

SAMPLE YOlUME ACCURACY 

Since the particie count from a sample aliquot varies directly with the volume of fluid sampled, it is important that the sam- 
pling accuracy is kngwn to be within a certain rangę. For a sample vofume determination, determine the dead (tarę) vo!ume in 
the sample feeder with particle-free water, 1 2 Transfer a volume of partide-free water that is greater than the sample volume to a 
Container, and wefgh. Using the sample feeding device, withdraw a volume that is appropriate for the specific sampler, and 
again weigh the Container. Determine the sample volume by subtracting the tarę volume from the combined sample plus tarę 
volumes. Verify that the vatue obtatned is within 5% of the appropriate sampie volume for the test. Alternatively, the sample 
voiume may be determined using a suitable Class A graduated cylinder (see Volumetric Apparatus (31)). [Notę—I nstruments of 
this type require a variab!e tarę volume. This Is the amount of sample withdrawn before counting. This volume may be deter¬ 
mined for syringe-operated samplers by setting the sample volume to zero and initiating sampling, so that the only volume of 
solution drawn is the tarę, Subtract the tarę volume from :he total volume of solution drawn in the sampling cycle to deter¬ 
mine the sample volume,] 


SAMPLE FLOW RATĘ 

Venfy that the flow ratę is within the manufactureris speciflcations for the sensor used. This may be accompfished by using a 
calibrated stopwatch to measure the time required for the instrument to withdraw and count a specific sample volume (i,e„ 
the time between beginning and ending of the count cycle as denoted by instrument indkator llghts or other means). Sensors 
may be operated accurately over a rangę of flow rates. Perform the Test Procedurę below at the same flow ratę as that selected 
for calibration of the instrument. 


CA U BRAT! ON 

USP (788) specifies the use of dispersions of spherical partides of known sizes between 10 pm and 25 pm in particle-free 
water. Morę options fol Iow: 

Manuał method: Calibrate the instrument with a minimum of three calibrators, such as near-mono-size polystyrene 
spheres havtng diameters of about 10, 15, and 25 pm, in an agueous particle-free vehlcle. The calibrator spheres must have a 
mean diameter of within 5% of the nominał diameters and be standardized against materials traceable to National Institute of 
Standards and Technology (NIST) standard reference materials . 1 The total number of spheres counted must be within the sen- 
soris concentration limit. Prepare suspensions of the calibrator spheres in water at a concentration of 1000-5000 particles/mL, 
and determine the channel setting that corresponds to the highest count setting for the sphere distribution. This is determined 
by using the highest count threshold setting to split the distribution into two bins containing equal numbers of counts, with 
the instrument set in the differentiaf count modę (movmg window half-count method). Use only the central portion of the 
distribution in this calculation to avoid including asymnietrical portions of the peak, The portion of the distribution, which 
must be diwded egually, is the count window, The window is bounded by threshold settings that will define a threshold volt- 
age window of +20% around the mean diameter of the test spheres, The window is intended to include ali single spheres 


1 Passed through a filier of 1.2-pm or fi ner nominał porę size, 

2 ASTM standard F658-00a provides useful discusslom perta ining to calibration procedures appfying near-monosEze fatex spheres. 
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taking jnlo account the standard deviation of the spheres and the sensor resolution, white excluding noise and aggregates of 
spheres. The value of 20% was chosen on the basis of the worst-case sensor resolution of 10% and the worst-case standard 
deyiation of the spheres of 10%. Since the thresholds are proporttonal to the cross-sectional area of the spheres (and all parth 
cies) rather than the diameter, the lower and upper voltage settings are determined by the eguations: 

V L = 0.64^ 

in which V Ł is the lower yoltage setting, and V s is the voltage at the peak center, and 

V u = "\A4V S 

In which V 0 fs the upper voltage setting. Once the center peak thresholds are determined, use these thresholds for the stand- 
ards to create a regression of log yoltage yersus log particie size, from which the instrument settings for the TO- and 25-^im 
sizes can be determined. 

Automated method: The calibration (size response) curve may be determined for the instrument-sensor system by the 
use of yalidated software routines offered by instrument vendors; these may be included as part of the instrument software or 
used in conjunction with a mtcrocomputer Interfaeed to the counter, The use of these automated methods is appropriate if the 
vendor suppfies written certification that the software provides a response curve equivalent to that attained by fhe manuał 
method and if the automated calibration is yalidated as necessary by the user, 

Electronic method: Using a multichannel peak height analyzer, determine the center channel of the particie counter 
puise response for each standard suspension. This peak yoltage setting bet o mes the threshold used for ealculation of the volt- 
age response curve for the instrument. The standard suspensions used for the calibration are run in order, and median puise 
yoltages for each are determined. These thresholds are ther used to generale the size response curve manually or via software 
routines. The thresholds determined from the multichannel analyzer data are then transferred to the counter to complete the 
calibration. 


SENSOR RESOLUTION 

The particie size resolution of the Instrumental particie counter is dependent upon the sensor used and may vary with indh 
vidua) sensors of the same model Determine the resolution of the particie counter for 10-pm partides, using the 10-pm cali- 
brator spheres. The relative standard deviation of the size distribution of the standard partieIes used is NMT 5%. Acceptable 
methods of determining particie size resolution are (1) manuał determination of the amount of peak broadening due to instru¬ 
ment response; (2) using an electronic method of measuring and sorting particie sensor yoltage output with a multichannel 
analyzer; and (3) automated methods. 

Manuał method: Adjust the particie counter to opera te in the cumulatiye modę or total count modę. Refer to the caiibra- 
tron curve obtained earlier, and determine the threshold voltage for the 10-^tm spheres. Adjust 3 channels of the counter to be 
used in the calibration procedurę as follows: 

Channel 1 is set for 90% of the threshold voltage, 

Channel 2 is set for the threshold yoltage. 

Channel 3 is set for 110% of the threshold yoltage. 

Draw a sample through the sensor, obsen/ing the count in Channel 2. When the particie count in that channel has reached 
approjrimately 1000, stop counting, and obsen/e the counts in Channels 1 and 3. Check to see if the Channel 1 count and 
Channel 3 count are 1.68 ± 10% and 0.32 ± 10%, respectivefy, of the count in Channel 2, If not, adjust Channel 1 and Channel 
3 thresholds to meet these criteria, When these critena have been satisfied, draw a sample of suspension through the counter 
until the counts in Channel 2 have reached approximately 10,000, or until an appropriate volume {e.g., 10 mL) of the sphere 
suspension has been counted. Verify that Channel 1 and Channel 3 counts are 1.68 ± 3% and 0.32 ± 3%, respectiyely, of the 
count in Channel 2, Record the particie size for the thresholds just determined for Channels 1, 2, and 3. Subtract the particie 
size for Channel 2 from the size for Channel 3. Subtract the particie size for Channel 1 from the size for Channel 2. The values so 
determined are the observed standard deviations on the positive and negative side of the mean count for the 10-pm standard. 
One commonly used method for calcu lating the percentage of resolution of the sensor is the following: 

% resolution = (100/D) x [(S^y - (5 s ^j* 

in which S 0bs is the highest observed standard deyiation determined for the sphere standard; is the supplieris reported 
standard deviation for the spheres; and D is the diameter, in prn, of the spheres as specified by the supplier. The resolution is 
NMT 10%. 

Automated method: Software that allows for the automated determination of sensor resolution is available for some 
counters. This software may be included in the instrument or used in conjunction with a microcomputer interfaeed to the 
counter. The use of these automated methods is appropriate if the vendor supplies written certification that the software pro- 
vides a resolution determination equivalent to the manuał method and if the automated resolution determination is yalidated 
as necessary by the user 

Electronic method: Record the voltage output distribution of the particie sensor using a multichannel analyzer while sam- 
pling a suspension of the lO-prn particie size standard. To determine resolution, move the cursor of the multichannel analyzer 
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up and down the electric potential scalę from the median pulse voltage to identify a channel on each side of the 10-pm peak 
that has approximately ól % of the counts observed in the center channel. Use of the counter size response curve to convert 
the mV values of these two thannels to particie sizes provides the particie size at within one standard deviation of the 10-pm 
standard, Use these values to calculate the resolution as described under Manuał Method * 

PARTICLE COUNTINC ACCURACY—SYSTEM SUITABfLITY 

Determine the particie counting accuracy of the instrument, using Method 1 [for sensors reguiring the moving window half- 
count (MWHC) method for calibration], Method 2 (for multichannel sensors), or Method 3 for any instrument (manuał compar- 
ison to membranę microscope method), 

Method 1—MWHC Instruments 

Procedurę: Prepare the suspension and blank using the USP Particie Count RS* With the instrument set to count in the cu¬ 
my Ja tive (total) modę, collect counts at settings of £10 pm and SIS pm. Prepare the blank and suspension sam ple in the same 
manner. Degas the rmxture by one of three means: by sonication (at 80-20 watts) for about 30 s, by allowing to stand, or by 
vacuum. Cently stir the contents by hand-swirling or by meehanical means, taking care not to introduce air bubbles or eon- 
tamination. Stir continuously throughout the analysis. Withdraw three consecutive volumes directly from the Container- Histor- 
ically, these have been volumes of NLT S mL each, due to instrument limitations and the desire to maximize sample volume. 
However, where desired, vo!umes may be utilized that meet the standardization criteria and address the sensitivities of the for¬ 
my lation. Obtain the particie counts, and discard the data from the first portton* [Notę —Complete the procedurę within 5 
min*] Repeat the procedurę, using the suspension in place of the blank, from the averages of the counts resulting from the 
analysis of the two portions of the suspension at >10 pm and from the analysis of the two portions of the blank at >10 pm, 
calculate the number of partides in each ml by the formula: 

( Ps-PJfV 

in which P 5 is the average particie count obtained from the suspension; P B is the average particie count obtained from the 
blank; and V \$ the average volume, in mL, of the 4 portions tested. Repeat the caloulations, using the results obtained at the 
setting of NLT 15 pm. 

Interpretation: The MWHC instrument meets the requirements for Particie Counting Accuracy If the count obtained at >10 
pm and the ratio of the counts obtained at >10 pm to those obtained at ^15 pm conform to the vaiues that aceompany the 
USP Particie Count RS, If the instrument does not meet the requirements for Particie Counting Accuracy, and adequate test vol- 
umes remain, repeat the procedurę with them; if insufficient volumes remain, prepare new suspension and blank, and then 
repeat the procedurę. If the results of the second test are within the limits given above, the instrument meets the requirements 
of the test for Particie Counting Accuracy. If on the second attempt the system does not meet the requirements of the test, 
determine and correct the source of the failures, and retest the instrument. 

Method 2—Multichannel Instruments 

Procedurę: Use one of three standards: (1) a dilution of the USP Particie Count Reference Standard (USP PCRS); (2) com- 
merctal preparation of standard calibrator spheres of nominał diameter 15-30 pm in a suspension containing between 50 and 
200 particles/mL, certified by the manufacturer; or (3) a laboratory-prepared suspension of standard calibrator spheres having 
a nominał diameter of 1 5-30 pm, containing between 50 and 200 particles/mL, Use of non-USP standards 2 and 3 is accepta- 
ble when they are compliant with USP standardization criteria: five successive counts are NMT ±10% of stated concentration. 

Degas the suspension by one of three means: by sonication (at 80-120 watts) for about 30 $, by allowing to stand, or by 
vacuum, Gently stir the contents by hand-swirling or by meehanical means, taking care not to introduce air bubbles or con- 
tamination, Stir contmuously throughout the analysis, and perform five counts on 5-ml volumes of the suspension, using the 
particie counter 10-pm size threshold. Obtain the mean cumulative particie count/mL, 

Interpretation: The instrument meets the requirements for Particie Counting Accuracy if the count obtained at >10 pm con- 
forms to the vaiues that aceompany the USP Particie Count RS. If the instrument does not meet the requirementsfor Particie 
Counting Accuracy, repeat the procedurę. If the results of the second test are within the limits given above, the instrument 
meets the reguirements of the test for Particie Counting Accuracy. If on the second attempt the system does not meet the re- 
guirements of the test, determine and correct the source of the failures, and retest the instrument. 

Method 3—Alternate manuał method 

Procedurę: Prepare a suspension of standard calibrator spheres haylng a nominał diameter of 15-30 pm, containing be¬ 
tween 50 and 200 particles/mL. Degas the suspension by one of three means: by sonication (at 80-120 watts) for about 30 s, 
by allowing to stand, or by vacuum. Gently stir the conterts by hand-swirling or by meehanical means taking care not to in¬ 
troduce air bubbles or contamination. Stir continuously throughout the analysis and perform five counts on 5-mL volumes of 
the suspension, using the particie counter 10-pm size threshold. Obtain the mean cumulatrve particie count per mL* Pipet a 
volume of this suspension containing 250-500 partides into a filter funnel prepared as described for Microscope Particie Count 
Test , Filtration Apparatus , below. After drying the membranę, count the total number of standard spheres colleeted on the 
membranę filter. This count should be within 20% of the mean instrumental count per mL for the suspension. 
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Test Eiwironment 

Specimens must be deaned to the extent that the levei of particles added by testing has a negligible effect on the outcome 
of the test. 

Cleanse glassware, dosures, and other required eguipment, preferabJy by Immersing and cleaning the items using warm, 
nonionic detergent solution. Rinse in ffowing tap water, and then rinse again in flowlng filtered water. Organie soivents may 
also be used to facilitate cleaning. [Notę —These steps describe one way to dean egurpment; alternatively, particulate-free 
eguipment may be obtained from a suitable vendor.] Preferably, the test specimen, glassware, closures, and other reąuired 
eąuipment are then finally rinsed with filtered water, using a hand-held pressure nozzle with finał filter or other appropriate 
filtered water source within an environment protected by high-efficiency particuiate arr (HEPA) filters. While conducting the 
assay, non-shedding garments and powder-free gloves are worn within the HEPA environment Perform the test in an environ- 
ment that does not contribute any significant amount of particuiate matter 

To collect blank counts, use a cleaned vessel of the type and volume representative of that to be used in the test Place a 50- 
mL or morę volume of filtered water in the vessel, and agitate the water sample in the deaned glassware by inversion or swirl- 
ing. [Notę —A smaller volurme, consistent with the article to be counted, can be used.] Degas by the same method to be used 
for the product sampies, by one of three means; sonication (at 80-120 watts) for about 30 s, by vacuum, or by allowing to 
stand. Swirl the vesse3 containing the water sample by hand or agitate by mechanical means to suspend particles. 

As deser ibed in (788): Determine the particuiate matter in 5 samples of filtered water, each of 5 mL. If the number of particles of 
10-jm or greater size exceeds 25 for the combined 25 mL (NMT WmL), the precautions taken for the tests are not suffkienL 

It is recommended that when utilizing the test for the (789) method, the blank test should be considered faiied, if in addi- 
tion, the number of particles of 25 pm or greater in size exceeds 3. 

Test Procedurę 

TEST PREPARAT!ON 

Prepare the test specimens in the following seguence. Outside of the unidirectional airflow cabinet to be used for Lhe test, 
remove outer closures, sealing bands, but not the sealing closure. If shedding is noted to be an issue, remove or tape over the 
product iabels as weli, Place the samples in the test cabinet, and rinse the exteriors of the containers with filtered water as 
directed under Test EnvironmenL Protect the containers from environmental contamination until analyzed, After proper mix- 
ing, open and withdraw, pour or otherwise sample the contents of the containers under test in a manner Jeast fikely to gener¬ 
ale particles that could enter the test specimen. Contents of containers with removable stoppers may be poured out directly 
after removing the closures. Sampling devices having a needle to penetrate the unit dosure may also be employed. Products 
packaged in flexible plastic containers may be sampled by cutting the medication or admimstration port tubę or a cornerfrom 
the unit with a suitably deaned razor blade or scissors* Dry or tyophilized products may be constituted using their internal di- 
luent, by removing the closure to add suppJied product drluent or by injecting filtered water via hypodermic syringe. If test 
specimens are to be pooled, remove the closure and empty the contents into a dean Container. 

NUMBER OF TEST SPECIMENS 

USP (788) provides the sampling plan according to product volume. For all products, regardless of volume, comprehensive 
experience regarding the integrity and consistency of the ba tch is gained throughout developmenl allowing the proper sam¬ 
pling plans to be applied in commerciai production that ensure sample selection is representatlve of batch quality. Ali batches 
must have sampling plans that accommodate desired statist cal measures of batch quality and facilitate process control 

PRODUCT DETERMINATION 

Depending upon the dosage form being tested, proceed as directed under the appropriate category below. 

Uquid preparations 

Volume in Container less thon 25 mL: Prepare the containers as directed under Test Preparation, Mix and suspend the partic- 
ulate matter in each unit by inverting the unit 20 times. [Notę —Because of the smali volume of some products, it may be 
necessary to agitate the solution morę vigorously to suspend the particles properlyj Open and combine the contents of 10 or 
morę units in a cleaned Container to obtaln a volume of NLT 25 mL Degas the pooled soi u ti on by one of three means: sonica¬ 
tion for about 30 s, or by vacuum, or by allowing the solution to stand. 

Gently stir the contents of the Container by hand-swirfing or by mechanical means, taking care not to introduce air bubbles 
or eontammation. Remove four portions, that conform to the volumes utilized in the IST, and count the number of particles 
>10 pm and 25 pm. Disregard the result obtained for the first portion. [Notę—F or low-volume products, a pool of 15 or morę 
units may be necessary to achieve a pool volume sufficient for four 5-mL sample a!iquots. Smaller sample aliquots (i.e., <5 ml) 
can be used if the assay result obtained with the smalier.a!iquots is yalidated to give an assessment of batch suitability equiva- 
lent to that obtained with the 5-mL a!iquots spedfied above.] 
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Vofume in Container 25 ml or morę: Prepare the containers as directed under Test Preparation. Mix, and suspend the partic- 
ulate matter in each unit by inverting the unit 20 times prior to opening the Container for degassing. Degas the solutlon by 
one of three means: by sonication for about 30 s, or by vacuum, or by ailowing the solutlon to stand. When sampling, ensure 
that the counter probe can be inserted into the middle of the solution. Gently stir the contents of the unit by hand-swirling or 
by mechanical means. Remove four portions, each of NLT 5 mL, and count the number of particles £l 0 pm and 25 pm, Disre¬ 
gard the resuit obtained for the first portion. 

Dry or lyophifized preparation s: Prepare the containers as directed under Test Preparation l Open each Container, taking 
care not to contaminate the opening or coven Constitute as directed by the labeling, according to the Test Preparation . Alter- 
nately, depending on the experiment, usei 

* filtered water or 

* an approprrafe laboratory-filtered difuent if suitable. 

Replace the dosure, and manually agitate the Container sufficrently to ensure dissolution of the dryg, [Notę—F or some dry or 
lyophllized products, it nnay be necessary to let the containers stand fora suitable interval, and then agitate again to effect 
complete dissolution.] After the drug in the constituted sample is completely dissolved, degas the solution by sonication for 
about 30 s, or by exposing to vacuum, or by ailowing the solution to stand. When sampling, ensure that the counter draw or 
sipping probe can be inserted into the middfe of the solution. Gently stir the contents of the unit by hand-swirling or by me¬ 
chanical means to mix and suspend any particulate matter* Proceed as directed for the appropriate unit volume under Uquid 
preparations, and analyze by wilhdrawing a minimum of four portions, each of NLT 5 ml, and count the number of particles 
>10 pm and 25 pm. Disregard the resuit obtained for the first portion. 

Products packaged with dual compartments consfructed to hołd the drug product and a solvent In separate 
compartments: Prepare the units to be tested as directed under Test Preparation and according to product insert directions, 
Mix each unit as directed in the labeling, activating and agitating so as to ensure thorough mixing of the separate compo- 
nents and drug dissolution. Open and degas the units or pooled specimen to be tested by one of three means: sonication, or 
by vacuum, or by ailowing the solution to stand. Proceed as directed for the appropriate unit volume under Liquidprepara - 
tions , mix and suspend the particulate matter present in each unit by inversion or swirling or by mechanical means. Analyze by 
withdrawmg a minimum of four portions, each of NLT 5 mL, and count the number of particles >10 pm and 25 [im, Disregard 
the resuit obtained for the first portion. 

Products labeled "Pharmacy Bulk Package Not for Direct Infusion": Proceed as directed for Liquid preparations where 
the volume is 25 mL or morę. Calculate the test resuit on a portion that is equivalent to the maximum dose given in the label¬ 
ing. For example, if the total bulk package voiume is 100 ml and the maximum dose volume is 10 mL, then the average LO 
particie count/ml would be multiplied by 10 to obtain the test resuit based on the 10-mL maximum dose. [Notę— For the 
calculations of test results, consider this maximum dose portion to be the equivalent of the contents of one fuli Container.] 

LO Calculations 

Notę that the particie limits must be reported as all particles £10 pm and a(l particles >25 pm. If the instrument has been 
configured to count in differential bins, such as >10-25 pm, >25-50 pm, >50 pm, etc,, all bins >10 pm must be added to yleld 
total >1G-pm count; all bins >25 pm need to be added to yieid total count >25 pm. 

For example, the analyst has counted the test sampfes in eight bins: a) >10-15 pm, b) >15 pm-25 pm, c) >25pm-40 pm, d) 
>40 pm-75 pm, e) >75 pm-l00 pm and f) >100 pm. They would then calculate P IL . 10 as: 

~ pm + TJ-JJ ptn + P*2S-40 pm + pm ■+ 

Wpm + ił 

POOLED SAMPLES 

Average the counts from the two or morę aliquot portions analyzed. Calculate the number of particles In each Container by 
the formulas: 

PiwWKm 

P^V r iV Ą n 

in which P l10 is the average particie count per threshold obtained from all portions analy 2 ed and P z25 is the average particie 
count per threshold obtained from all portions >25 pm analyzed. V T is the vo!ume of pooled sample, in ml; V A is the volume, 
in mL, of each portion analyzed; and n is the number of containers pooied. 

INDIVIDUAl SAMPLES 

Average the counts obtained for the 5-mL or greater aliquot portions from each separate unit analyzed, and calculate the 
number of particles in each Container by the formulas: 
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PmV/V Ą 

in which is the average particie count per threshold obtained from alt portions analy2ed; and P125 is the average particie 
count per threshold obtained from all portions >25 analyzed, Vfc the volume, in mL, of the tested unit; and V A is the vol- 
ume, in mL, of each portion analyzed. 


INDMDUAL UNIT SAMPLES 

Average the counts obtained for the two or morę 5-mL aliquot portions taken from the solution unit. Calculate the nom ber 
of partides in each mL of product solution taken by the formulas: 

P,JV 

Pus/V 


in which is the average particie count per threshold obtained from all portions analyzed and P us is the average particie 
count per threshold obtained from all portions >25 pm analyzed, V ls the volume, in mL, of the portion taken. 

For all types of product, if the tested materiał has been diluted to decrease the ybcosity, the dilution factor must be accoun- 
ted for in the calcuiation of the finał test result. For all test results, the particie count >10 pm represents ałl threshold brn 
counts. 

MEMBRANĘ MICROSCOPE PARTICLE COUNT TEST 

The microscope particulate matter test may be applied to both large-volume and smallwolume parenteral injections and to 
ophthalmic solution products as welL This test enumerates essentially solid 3 particulate matter >10 pm in these products, after 
coliection, rinsing and drying on a mkro-porous membranę filier. Since a wide rangę of test aliguots may be utilized, particie 
counts may be determined on a perwofume or per-container basis wlthout dilution or extrapolation. 

In the performance of the membranę microscope assay, one estimates the size of retained solids viewed at 100* magnifica- 
tion, tabulating them into specific size categories. In this process, one may encounter materials on the membranę surface that 
do not appear solid or substantial, showing little or no surface relief such as a "stain" or discontinuity on the membranę, Chap- 
ter (788) advises not to attempt to size or enumerate such semi-solld partides, due to historical comment from LVP terminal 
sterilization manufacturers that encountered stain-like brown residues after heat sterilization of Dextrose Solutions, However, if 
not sampling a carbohydrate solution or Słmilarly-performmg formulation, retognizing the presence of such materiał adds a 
measure of formulation robustness. Consistent evidence of such materials may be indication that further development research 
is warranted to understand their content. The naturę of these materials and subsequent dedsion to count or investigate must 
be based upon product formulation experience. Interpretation of microscopical enumeration may be aided by tesfing a sam ple 
of the solution by the LO particie count or a valfdated, alternate method, 

The Test Apparatus is described in (788). Additional comments are: 

* Use a compound binocular microscope that corrects for changes in interpuplllary distance by mamtaining a constant tubę 
length. 

* The objective must be of 10x nominał magnification, a pianar achromat or better in ąuality, with a minimum 0.25 nu¬ 
merka! aperture. 

■ The objective must be compatible with an episcoptc iliuminator attachment 

* The eyepieces must be matched. In addition, one eyepiece must be designed to accept and focus an eyepiece graticule. 
The microscope must have a mechanical stage capable of holding and traversing the en tire filtration area of a 25“mm or 
47-mm membranę filier. 

* Two illuminators are required, Both illuminators must be of suffident output to provide a bright and even source of illumi- 
nation and may be eguipped with blue daylight filters to decrease operator fatigue during use, 

* The USP graticule as described in (788) is used. 

Stage Micrometer 

Graduated in 10-pm increments, utilized each day-of-use. For initial ealibration, utilize a stage micrometer that is certified by 
NI ST to verify the USP graticule installation. Thereafter, for daily calibration/verification, one may utilize a commerdal stage 
micrometer graduated in 1 Q-pm increments to verify proper setup. 


3 Soft partides and semf-solfd substances may also be retained. 
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Filtration Apparatus 

Use a filter funnel suitable for the volume to be tested, generally havmg an inner diameter of about 16 mm for 25-mm 
membranes or about 37 mm for 47-mm membranes. The funnel is madę of plastic, glass, or stainless Steel. Use a filter support 
madę of staintess Steel screen or sintered glass as the filtration diffuser. A solvent dispenser capable of delivering solvents fil* 
tered through a membranę filter at a rangę of pressures from 10 psi to 80 psi. 

Membranes 

As described by <788); however, finer porę ssze selettions will have smoother surfac es, facilitating the microscopical examh 
nation; however, may impede morę yiscous sample fluid during the assay. 

Test Environment 

Following discussion is recommended operational detail to enhance the conductance of the MM assay. 

It Is ideał to use two unidirectional airflow hood (UAFH) or other unidirectional airflow endosures, one for "wet" sample 
preparations, and the other an endosure for the microscope counting phase, The UAFH having a capacity sufficient to envelop 
the area In which the anafysis is prepared. The UAFH provides HEPA-flltered air which typically contains NMT 100 particles (0.5 
pm or larger) per cubic foot. A blank determination is necessary at the beginnlng of each test sequence to verify mintmal con- 
tribution from the baekground, equipment and personnel operations. What is the definition of a test sequence? Shouid it be 
one per shift, one per product family, one per series of filtrations (manifold) or one per sample? Any of these defmitions may 
be suitable, dependent upon the operational needs of the lab system. The ability to dean glassware between samples, the 
number of different products being run, and the volume of samples through the lab will determine the appropriate control 
However, consider the blank to be a system suitabilfty check, and if it fails, all samples run prior to it up to the previous blank, 
are suspect. 

To determine the blank oount, duplicate the sample preparation process, in regard to the apparatus and membranę types. 
Assemble a dean filtration apparatus with a fresh membranę, rinse the interior with fil tered water to drain, then deliver a 50- 
mL or morę volume of filtered water to the filtration funnel while applying vacuum, and dra w the entire volume of water 
through the membranę filter* Remove the membranę from the filter funnel base, and place anto a holding device as will be 
used for test specimens; typically atop a strip of double-siced tape on a microscope slide or in a commerdal membranę holder 
or Petri drsh* After allowing the membranę to dry (it must be counted dry), examine the entire filtration area microscopically at 
a magnification of 100x. If NMT 20 particles >10 pm and NMT 5 particles £25 pm or larger are present within the filtration 
area, the baekground particie level is suffidently Iow for performance of the microscope assay for (788). If particie load exceeds 
these limits, repeat the procedurę. 

There is value in further limiting the baekground for both (788) and <789) testing in regard to good laboratory practice, and 
morę speciflcally in regard to the <789) >25 pm and >50 pm limits, which may be considered morę restrictive than injectable 
limits in consideration of total particie content allowed for the (usually) smali unit voJumes. Compare total particie load for a 
smali 5VI, smali LVI versus a 5-mL ophthalmic product in Table 7. 


Table 1, Co m par i son of Total AtLImlt loatł for Seleeted Products 


Size 

Umit 

Blank 

Count 

SVI, 

5 mL 

LVI, 

125 mL 

Ophthalmic 

Product, 

5 mL 



30 OC 

1500 

250 

>1 0 pm 

20 

partie lei 

particles 

particles 



300 

250 

25 

>25 pm 

5 

partit es 

particles 

particles 


Not 



10 

>50 jim 

defined 

N/A 

N/A 

particles 


Therefore, in smaller volume (789) applications and in low-particle count injectable product, the laboratory shouid strive for 
consistent and lower blank counts such as NMT 5 >10 pm, NMT 1 >25 pm and nonę £50 pm per blank. 

Throughout the operational procedurę (rn the HERA environment), it is preferable to use powder-free gloves, and fow-shed- 
ding dothing. Prior to conducting the test, clean the work surfaces of the unidirectional flow endosure with an appropriate 
filtered solvent, Glassware and equipment shouid be rinsed successively with a warm, residue-free solution of detergent, hot 
water, filtered distilled or deionized water, and isopropyl alcohol. [Notę—P rior to use, pass the distilled or deionized water and 
the isopropyl afcohol through membranę filters 0.2-pm or finer nominał porę size.] Perform the rlnsing in the unidirectional 
airflow endosure. Allow the glassware and filtration apparatus to dry in the unidirectional airflow endosure, upstream of all 
other operations. Preferably, the endosure is located in a separate room that is supplied with filtered air-conditioned air and 
maintained under positive pressure with respect to the surrounding areas. 
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M1CROSCOPE PR EP AR ATI ON 

The microscope opticaf alignment and illumination are critical for success of this method. Although it is not difficult Co differ- 
entiate a lO^pm from a 25-pm particie at 100x with reflected light, the decision regarding the boundary at each size category 
will be difficult with poor eguipment, maintenance ar optical alignment, Also operator fatigue is caused by poor microscope 
alignment. We will have to make decisions such as "is this particie 9 pm or 11 pm?" and "is that particie 24 pm or 26 pm?" 
Optimized system resofution, that is, the ability to discern discrete points of minima! separation, relies upon good optical Sys¬ 
tems, aligned well. Factors including instrument cleanJiness, resolution, e,g., objective NA, 4 5 focus of both eyepieces and the 
graticule will play significant roles in attaining best images. fn eonsideration of optimizing the use of the binocular compound 
microscope, it is best to utilrze operators famrliar with the instrument, and comfortabie with alignment, The operator conduet- 
ing the method should align the optics and illumination for their use, with supemsory/trainer approvaI. 

It is recommended to start with alignment of the microscope for a typical transmitted illumination obsen/ation using a 
known sampfe. Any specimen famiiiar to the operator will suffice; however, a common particie count reference standard sus- 
pension such as the USP Particie Count RS is a recommended selection, sińce it is also utilized in method system suitabflity 
evaluation, A drop of the USP Particie Count RS is placed between a glass microscope slide and cover slip and viewed micro- 
scopicallyA With appropriate interpupillary distance and a comfortabie sittmg position at the microscope, the operator exam- 
ines the fields of suspended spheres. One should observe the smali standard spheres crisply in a combined field (with ease) For 
both eyes. One attains crisp focus and ease of view after separate focai adjustment of each eyepiece focus for a single point on 
the specimen. 

Rota te the graticufe in the right microscope eyepiece so that the linear scalę is located at the bottom of the field of view, 
bringing the graticule into sharp focus by adjusting the right eyepiece diopter ring while viewing an out-of-focus specimen, 
Focus the microscope on a specimen, looking through the right eyepiece oniy, Then, looking through the left eyepiece, adjust 
the left eyepiece diopter to bring the specimen into sharp focus. 

When the operator is not comfortabie using the microscope or does not attain an equivalent crisp focus for each eye in a 
merged field of view, the counting will become a difficult experience and fatigue and flawed size comparison wili result. 

Nothing is better for preparing the operator for counting partides than to examine a test membranę as a positive control, 
Seasoned microscopists may not reguire this step, but for new operators or indMduals conducting many different types of 
methods in the modern laboratory, familiarization is a prudent exercise, A fliter membranę of the type being used for the 
method, such as a 25-mm color-contrast, plam G.45-pm nominał porę size, containing particles, is a good choice, This may be 
a sampie from previous method that canta ins a variety of particie types, or one prepared for familiarization, This positive test 
controi will contain natura! partides (flakes, threads, equant partides, various colors/opacity, a rangę of sizes, etc,) to effective- 
ly refresh the operator^ sensrtivity and facifitate microscope and illumination alignment for optimal viewing. 

One would examine the membranę preparation, locate a typical array of partides and First bring the illumination into good 
alignment: 

1. Adjust the external, inddent illumination at an oblique angle {10°-20° to the method) so that an even ellipse of reflected 
light is visibie on the membranę and an even illumination evident through the eyepiece field of view (even across the fuli 
field), Shadows will be evident from larger particles, such as those with z axis >5pm (z axis is the microscope optical axis). 

2, Adjust the internal episcopic brightfield illuminator to yield an even illumination at a high setting on the transformer con¬ 
tro!, but morę importantly, when dialing down the illumination one observes the evident shadow from the larger parti¬ 
des, In this manner, the high reffectivity of fiat, giassy partides (find one) and the distinct shadows of morę equant (x:y:z 
- 1:1:1) partides is evident. 

USING THE CIRCULAR DIAMETER GRATICULE 

The USP graticule is specifically fabricated for each microscope. The relative error of the graticule used must be ±2% and is 
initiafly measured with an NIST-certified stage micrometer. To accompfish this, align the graticule micrometer scalę with the 
stage micrometer so that they are paralleL (Compare the scales, using as large a number of graduations on each as possible,) 
Read the number of graticule scalę divisions, G5D, compared to stage micrometer divisions, SMD. Calculate the relative error 
by the formula: 

1 G0[(C SD - SMD)/SMD] 

A relative error of ±2% is acceptable and verifies good alignment, focus and proper magmfieatton. Thereafter, a day-of-use 
verifieation by the microscope operator with the NIST stage micrometer or commerdal stage micrometer is suffident to dem- 
onstrate proper setup, 

The basie technique of measurement applied with the use of the drcular diameter graticule is to count all particles 10 pm 
and larger, further categorizing tn Si 0 pm and >25 pm, The drcular zonę or graticule field of view is a useful zonę for active 
slzing and counting, Particles are compared to the linear scalę and/or circles to determine their size in equivaient drcular diam¬ 
eter, This is conducted by transforming mentally the image of each particie into a cirde and then comparing to the 10- and 


4 N.A. h numerital apErture, an indicator of opUcal light-gathering capabiliiy and thus resoltilion. High IM, A. correlates to high resolution. 

5 The microscope obfective reguires a deflned co^er slip thickness, nominally 1 70 j.im, or No. I 'fi. 
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25-pm graticule reference drdes. The sizing process is earried out without superimposing the particie on the reference circles; 
particles are not moved from their locations within the graticule field of view (the large circle) for comparison to the reference 
circles. Compare the area of the particie being sized to that of the black or transparent circles. Use the area of the dear grati¬ 
cule reference circles to size wbite or transparent particles. Use the area of the black reference drcles to size dark particles. The 
intent of comparing particles to an equivalent circular diameter is correlation to the LO particie sizing methodology, for which 
many manufacturers have extensive databases. In practice, particles with nearly circular areas will correlate wel] with the grati¬ 
cule circle diameters. For particles with one long axis, such as rods and needies, the conversion to circular area will produce 
morę significant bias to smaller estimated sizes. It may be simpler, and most conservative, to count particles in longest chord. 
To use an extreme example, the total count of mono-dispersions of fine needle crystals would vary greatly dependent upon 
the st2e determination utilized. 

in order to properiy focus the ocular lenses and attain baianced single-field vśew, each operator must bring the USP graticule 
Irnes into sharp focus by adjusting the eyepiece diopter ring (it helps to have an "infinite" view, or out-of-foeus specimen). 
Next, focus the microscope on a specimen, through this same eyepiece, and then looking only through the other eyepiece, 
adjust its diopter ring to bring the spedmen into sharp focus. The USP graticule and specimen particles are now in focus on a 
well-balanced Niuminatlon field. 

Preparation of Filtration Apparatus and Test Preparations are covered by (788). Further, prepare the test specimens in the fol¬ 
iowi ng sequence, Outside of the unidirectional airflow cabinet to be used for the test, remove outer ciosu res, sealing bands, 
and remove or tape over labels. Rinse the exteriors of the containers with filtered water as directed under Test Emironment 
Protect the containers from environmental canta mination until analyzed. 

Within the HEPA cabinet, open and withdraw, pour, or otherwise sam ple the contents of the containers under test in a man- 
ner least likely to generate particles that could enter the test specimen. Contents of containers with removable stoppers may 
be withdrawn directly by removing the ciosu res. Sampling devices having a needle to penetratę the unit dosure may also be 
employed. Products packaged in flexible plastic containers may be sampled by cutting the medieation or administration port 
tubę or a cornerfrom the unit with a suitably cleaned razor blade or sdssors. 

For aII products, regardless of volume, comprehensive experience regarding the integrity and consistency of the batch \s 
gained throughout development, allowing the proper sampling pians to be applied in commercial production that ensure 
sample selection is representative of batch guality. Ali batches must have sampling pians that accommodate desired statistical 
measures of batch guality and facilitate process control. 

PRODUCT PARTICLE COUNT DETERMINATION 

Depending upon the dosage form being tested, proceed as directed under the approprtate category below. 

Liquid preparations: Thoroughly ruix the units to be tested by inverting 20 times. Open the units in a manner consistent 
with the generation of the lowest possible numbers of background particles. For products less than 25 mL in volume, one may 
open them and drain to the filtration barrel individually, or combine the contents of 10 or morę units in a cleaned Container. 
[Notę—W hen pooling containers, these must be included in the blank determination step.] Filter iarge-volume injection units 
individually. Small-vo3ume injection units having a volume of 25 mL or morę may be filtered individual!y. 

Transfer to the filtration funnel the total votume of a solution pool or of a single unit, and apply vacuum. If the volume of 
solution to be filtered exceeds the votume of the filtration funnel, add, stepwise, a portion of the solution until the entire vot- 
ume is filtered. It is prudent to maintain the fiquid volume in the filtration funnel above one-half of the funnel volume between 
refills, especially if the partia! count procedurę is to be used (see Enumeration ofPartides t Partia! Count Procedurę, below). 

[Notę—T his is necessary in order to ensure even distrrbutbn of particles on the analytical membranę.] After the last additton of 
solution, begin rinsing the walls of the funnel by directing a low-pressure stream of filtered water in a circular pattern along 
the walls of the funnel, and stop rinsing the funnel before the volume falls below about one-fourth of the fili ievel. Maintain 
the vacuum until all the liquid in the funnel is gone. 

Remove the filtration funnel from the filtration base while maintaining vacuum, then turn the vacuum off, and remove the 
filter membranę with non-serrated forceps. Place the filter in the prepared holder and label with sample Identification. Allow 
the filter to air-dry in the unidirectional airflow endosure with the cover ajar. 

Dry or lyophilized preparations: Prepare the containers as directed under Tesf Preparation. Open each Container taking 
care not to contaminate the opening or cover. Constitute as directed by the labeling, aceording to the Test Preparation . Alter- 
natively, depending on the experiment, use: 

• filtered water or an appropriate laboratory-filtered diluent if suitable. 

Products packaged with dual compartments constructed to hołd the drug product and a solvent in separate 
compartments: Activate each unit as directed in the labeling, agitating the contents sufficiently to ensure thorough mixrng 
of the separate components, and then proceed as directed for Uquid Preparations . 

Pharmacybulkpackagesormultiple-dose containers: For Products Labeled ł, Rharmacy Bulk Package— Not for Direct Infu- 
sionf 9 or for multiple-dose containers, proceed as directed for Uquidpreparations, filtering the total unit voiume. 

Calculate the test result on a portion that is equal to the maximum dose given in the labeling. Consider this portion to be 
the equivalent of the contents of one fuli Container. For example, if the total bulk package voiume is 100 mL and the maxi- 
mum dose listed is 10 mL, the microscope total unit volume count test result would be multipEied by 0.1 to obtain the test 
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result for the 10-mL dose volume. [Notę—F or caleulation of the test result, consider this portion to be the equivalent of the 
contents of one futl Container.] 

Enumeration of Particles 

The microscope test described in this section is flexible in that typical artifacts such as air and immiscible 3iquids do not inter- 
fere with the finał count. The method has a broad size detection and counting rangę, tf applying the partial count procedurę. 
This method may be used where all particles on an analysis membranę surface are counted or where only those particles on 
some fractiona! area of a membranę surface are counted, 

TOTAL COUNT PROCEDURĘ 

The microscope method can be tedious (borlng), impredse (poor agreement within and between labs), and particie sizing 
can be inaccurate for nomspherical or equant particie shapes. Operator fatigue h promoted by poor ergonomie fit (chair 
height), by poor or imbalanced ocularfoous and by excessive eye movement. Restricting the eye movement to a field-defining 
graticule such as the USP counting graticule restricts eye movement to the central one-third field of view. This significantly 
iimits eye movenrent and thus fatigue, 

Sample size is an important consideration 3n counting predsion. Care must be taken to sample many containers within a 
batch for good representation of the particie distribution. Accordingfy, the portion of the individual package sampled is key. 
Particles may float or settle. Sampting only the first 25 ml of an LVP or sampJing without adequate and recent mixing is a 
mistake, and wili lead to serious under-counting. Sampling whole, weJI-mixed containers with the particles in suspension i$ the 
best approach. 

Counting the isolated particles is an important paramete\ Counting alt of the particfes retained on the membranę is certain- 
ly the best approach, and then the simple problem is determining the correct size for piacement into the threshold bins, 10 
pm and 25 pm. This will be increasingly important for methods utillzing additional bins for population determination, such as 
5 pm, 50 pm, 100 pm, etc. Notę that the particie Iimits for (788) and (789) must be reported as al! particles >10 pm and a I! 
particles >25 pm, If the lab method has been config u red to count in several bins, such as >1 0-25 pm, >25-50 pm, >50 pm, 
etc., alf bins >10 pm must be added toyield total >10-pm count; all bins >25 pm need to be added to yield total count >25 
pm. Using a number of narrow size bins may be beneficiaf in product improvement efforts to separate particie groups. 

In performance of a total count, the graticule field of view (GFOV) is defined by the large circEe of the graticule, and the 
vertical crosshalr is used as a counting target Scan the membranę in paths that cover the effective filtration area (EFA), adjoin- 
ing but not overlapping previous scan paths, Repeat this procedurę, tabufating particie counts minimally in the >10 pm-25 
pm and >25-pm thresholds, moving across the membranę until all particles on the membranę within the EFA are counted. 
Record the total number of particles that are >10 pm-25 pm and the number that are >25 pm or larger. 

For large-volume products, cakulate the particie count, in particles per mL, for each unit tested by the formulas: 


in which P^. 10 is the total particie count obtained from all portions analyzed, P^ s is the total particie count obtained from all 
portions >25 pm analyzed, and Vis the volume, in mL, of the solution tested. 

For examp!e, the analyst has counted the test samples In four bins: (a) >1 0-25 pm, (b) >25 pm-50 pm, (c) >50 pm -100 
pm, and (d) >100 pm. They would then calculate as: 

i0 — 0-2$ firn ^>25 )tm -i 0 pm P>S0 pm -100 pm J00 pm 

For smallwofume products, calculate the particie count, in particles per Container, by the formulas: 

o 

P £Ł2j/n 

in which P^ ?J0 is the total particie count obtained from all portions analyzed, P t ^ s is the total particie count obtained from all 
portions >25 pm analyzed, and n is the number of units pooled (1 in the case of an individual unit). 

PARTS AL COUNT PROCEDURĘ 

When encountering a membranę fuli of particles, the task of properly counting all of them is daunting. Considerthat an SVP 
with an at-limit content of smali particles, sampled in a 10wiał pool would have 30,000 10-pm particles on the membranę. 
Partia! or statistical counting of the membranę effective filtration area may be the only means to attain reasonable results, Par¬ 
tial counting should not be used to reduce count times; just as a means to estimate the total foad on a high-count isolate. A 
field-defining device, such as grids on the membranę surface or an ocular graticule field of view have been used reliably. An 
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ocular graticule provldes a sharp boundary for area definition. Grtdded membranę fines are rather broad and have ink-spatter 
that may be taken for partlcutate matter. 

Which portfons and how much of the EFA shoutd be counted? In consideration of 25-mm membranes, the EFA is ló-mm 
diameter using typical commercial filtration furmels, and thus (pi * r 2 ) - 201 mm 2 . Based upon earlier proposals from the HI- 
MA committee and diseussion by Draftz (see Reference 3), acceptable confidence intervals (Poisson distribution, 2 standard de- 
viations) dictate that for samples with less than 1000 partides, the impredsion of statistical counting is objectionable. Fuli 
count is recommended for such samples. For samples with morę than 1000 partides on the isolate membranę, using a 25-mm 
membranę, a reasonable estimate of particie population is attained using 20 GFOY. if a smaller confidence interval aboutthe 
resuft is desired a iarger number of fields and partides may be counted. 

For 47-mm membranes the EFA is 37 mm. These Iarger diameter membran es may be selected for formutations needing 
morę membranę surface area (having slow flow characteristics through 25-mm membranes) the EFA - (pi x r 2 ) - (pi x 18.5 
mm 2 ) - 1075 mm 2 . Thus, for 47-mm membranę EFAs, many morę GFOVs must be counted to attain similar confidence. Using 
100 GFOYs for partial counting of 47-mm membranes provides similar statistical confidence to the 20-GFOV/25-mm ap- 
proach. Accordingty, when a particie load of 1000 or less is present, a fuli count Is recommended. 

When a partia! count of partides on a membranę is to be perfomned the analyst must first ensure that an even distribution of 
partides is present on the membranę, This is assessed by rapid scanning at 50* to qua]itatively scan for heterogeneity or 
clumps of partides. If heterogeneity is observed, one should perform a fuli count on the membranę. Next, count the 10-pm or 
Iarger partides in one GFGV at the edge of the filtration area as weII as one in the center of the membranę. The number of 
>10-pm or Iarger partides in the GFOV with the highest total particie count must not be morę than twice that of the GFOY 
with the Iowest particie count. Fuliy count the membranę failing these criteria. 

To perform a partia! count of the partides on a membranę, include all partides >10-25 pm and >25 jim within the GFOV 
and those that are in contact with the right side of the GFOY circfe. Do not count partides outside of the GFOV. Ignore those 
that touch the left side of the GFOY circfe. The dividing linę between right and left sides of the GFOY circie is the vertical cross 
hair and is a usefu! counting linę. [Notę —Make the best possible judgment on particie size without changing the membrana 
positron, microscope magnlfication or illumination.] 

Start at the center edge of the filtration area and begin counting adjacent GFOVs. When the other edge of the filtration area 
is reached, move one GFOY toward the top of the filfer and continue counting GFOVs by moving in the opposite direction, 
Moving from one GFOV to the next can be accomplished by one of two methods. One method is to define a landmark (parti¬ 
cie or surface irregularity in the fifter) and move over one GFOY in reiation to the iandmark. A second method is to use the 
vernier on the microscope method to move 1 mm between GFOYs. To facilitate the latter, adjust the microscope x- and y~ 
method positioning Controls to a whole number at the starting position at the center right edge of the filtration area, then 
each GFOY will be one whole division of movement of thex-method positioning control. !f the top of the filtration area Is 
reached before the desired number of GFGVs is reached, begin aga En at the right center edge of the filtration area one GFOV 
lower than the first time. This time move downward on the membranę when the end of a row of GFOYs is reached. Continue 
as before untif the number of GFOVs Is co m plete. 

For Iarge-vo3ume products, extrapolate the total count of partides per ml by the formuias: 

A P V 

P u ,A t /A p V 

in which P li0 is the total particie count obtained from all fields of view and all size thresholds; P 125 is the total particie count 
obtained from all fields of view and alf size thresholds >25 \m\; A T is the filtration area, in mm 2 , of the membranę (inner filtra¬ 
tion barrel diameter); A P is the partia! area counted, in mm 2 , based on the number of graticufe fields counted (GFOY area x 
number of GFOV counted); and Yis the volume, in mL, of solutlon fiitered. 

For a solution pool (for smalM/olume product units containlng less than 25 mL) orfor a single unit of a small-vofume prod- 
uct, extrapolate the total count of partides per unit by the formuias: 

PdqAjI ApH 

^usAjl A p n 

in which P, 2}0 is the total particie count obtained from all fields of view and all size thresholds, P ZZ5 is the total particie count 
obtained from all fields of view and all size thresholds >25 and n h the number of units counted (1 in the case of an 
individual unit). For alf types of product, If the tested materiał has been diluted to decrease viscosity, the drlution factor must 
be accounted for in the calculation of the finał test result. 
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1* INTRODUCTION 

Radioactive drugs and devices reguire specialized techniques in their production, testing, handling, dispensing, and adminis- 
tration to ensure optima! effectiveness and maintain safety for workers, patients, and the public Ali operations mvolving these 
articles sho.utd be carried out by or under the supervision o* personnet who have been appropriately trained in the handling of 
radioactive materials, 

The fadlities for the production, storage, and use of radioactive drugs and devices are generally subject to licensing by the 
U-S, Nucfear Regulatory Commtssion, an appropriate State agency, or similar governmenta! agencies outside of the United 
States, Most radioactive drugs and devices, although not identified as hazardous drugs, are dassified as hazardous materials 
and are therefore subject to other reguiations relating to transportation, environmental release, and workplace safety. 

The purpose of this chapter is to provide information regarding radioactivity—including definitions, types of decay, and gen¬ 
erał considerations relating to radioactive decay, counting, radionuclide production, purity, and labeling—as wefl as instru- 
mentation for detection and measurement of radioactive emissions. 

Spedfic information on standards for radionuclide identifrcation and assay, including instrument gualification, performance 
checks, Identification of radionudides and radionudidic impurities, and assay of radionudides are provided in RodioactMty 
<821)* 
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2, TYPES OF DECAY 

"RadioactNe decay" is the process by which an unstabfe nuclide transitions to a jower energy confjguration. Depending on 
the particuJar starting radionudide, the result of the transition may be either a stable nuclide or a different radionudide, Typi- 
cally, these transitions are accompanied by the emission of radiation from the nucleus, which is broadly dasslfted as either par- 
ticulate or nonparticulate. Some radionudides emit multiple types of radiation in Lhfs process, whereas others emit oniy a sin¬ 
gle type, The main types of particulale radiation commonly seen in nudear medicine are alpha, beta, and positron. Nonparti- 
culate types of radiation include gamma rays and X-rays, Nudear medicine imaging Is accompfished Lhrough detection and 
(ocafization of nonparticulate radiation, whereas therapeutic effects arise from the energy deposited in the target organ by par- 
ticulate radiation. 


2.1 Alpha Decay 

"Alpha decay" is radioactive decay with the emission of alpha particles, or helium nuclei, and is generally limited to elements 
with an atomie number >83. In some cases, beta particles and gamma rays may also be emitted during alpha decay. An exam- 
ple of a radionudide that decays by alpha decay is: 

Radium-226 —> Radon-222 

2.2 Beta Decay 

"Beta decay" rs radioactive decay with the emission of an electron. This type of decay ty pi cal ly occurs in neutron-excessive 
radionudides wherein a neutron is transformed into a proton. In some cases, the emission of a positively charged electron, or 
positron, may occur. This type of decay typfcally occurs in neutron-deficient radionudides with a lower atomie number where¬ 
in a proton is transformed into a neutron, In some cases, gamma rays may atso be emitted during bela decay. An exampfe of 
beta decay through emission of an electron is: 

lodine-131 Kenon-131 

An exampie of beta decay through emission of a positron (fi*) is: 

Fluorine-18 Oxygen-18 

Because a positron is an anthelectron, when it interacts with an electron, the two particies annihilate, and thetr combined mass 
is transformed into energy in the form of two 511 kibelectron volt (keV) gamma rays. These gamma rays are produced simui- 
taneously and trątyel away from the point of interaction in nearly gpposite directions. These two characteristics form the basis 
for positron emission tomography (PET) imaging technigues. 

23 Electron Capture Decay 

"Electron capture" is radioactive decay that involves nudear capture of an inner orbital electron, nudear transformation of a 
proton into a neutron, and emission of one or morę gamma rays. Electron capture generally occurs in higher atomie number 
radionudides that are neutron deficient An example of a radionudide that decays by electron capture decay is: 

lodine-123 Telfurium-123 

2.4 Isomeric Transition 

An "isomeric transition" is radioactive decay that involves a transition between nudear isomers with the emission of one or 
morę gamma rays. In contrast to other types of decay, the number of protons and neutrons remains the same in an isomeric 
transition, Isomeric transition generally occurs in radionudides that are metastable. An example of a radionudide that decays 
by isomeric transition is: 

Tech nettu m-99m TechneLium-99 

3, GENERAL CONSIDERATIONS 

3.1 Radioactivity 

Radioactive decay is a first-order process (i.e., a fraction of atoms decay per unit time). The ratę of decay for each 
cltde is a unique and constant vaiue, which gives rise to the term "decay constant". 

Each radionudide^ ratę of decay is a unigue and constant value (its decay constant) and can be described by the 
eguation: 


radionu- 
fol łowi ng 
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4 = ĄN 

A - amount of radioactrvity in a source at a given time 
?u - ratę of decay of the radionudide 
N = number of radioactive atoms 

The traditional unit for radioactivity is the curie (Ci), which is equal to 3.7 * 1G*° atoms undergoing radioactive decay, or disin- 
Legrations per setond (dps). Commonly used prefixes assoriated with the Ci include the millicurie (mCi) and the microcurie 
(pCi). The S! unit for radioactivity is the becguerel (Bq), which is equaf to 1 dps. Commonly, prefixes associated with the Bq 
include the megabecgueref (MBq) and the gigabecquere] (GBq). Hente, 1 Ci - 37 GBq. 

3.2 Fundamental Decay Law 

The decay of a radioactive source is described by the equation: 

N ( = 

N r = number of radioactive atoms remaining at elapsed time f 

£ - time elapsed (time unit, such as seconds, minutes, or hours) 

N 0 = number of radioactive atoms when £ = 0 

A = decay constant of the spedfic radionudide 

The above eguation can be rewntten m terms of radioactMty: 

Ą = A 0 e-*' 

A t = amount of radioactivity at elapsed time (£) 
t - time elapsed (time unit, such as seconds, minutes, or hours) 

A 0 = amount of radioactivity when t = 0 
A = decay constant of the spedfic radionudide 

"Decay tables" that prodde radionuclide-specific decay factors (Le v fraction remaining) calculated from A 0 at various 
elapsed times (t) are commonly available. 

The halMrfe is defined as the time mterval required fora quantity of radioacttvity to decay to one-hatf of its initial value and 
is related to the decay constant A by the equation: 

f w = 0.69315/Ą 

T J/Ź = half-life of the radionudide 
A = decay constant of the specific radionudide 

The activity of a pure radioactive substance as a function of time can be obtained from the exponential equation, from de¬ 
cay tables, or by graphical means based on the half-life {Figurę ?), 



3.3 Counting Efficiency 

The vajidity of any radionudide measurement is dependent upon the reproducibility of the refationship between the source, 
the detector, and its surroundings. Appropriate allowances should be madę for source configuration. Measurements of radio- 
activity require calcu la tion of a calibration factor, or efficiency, and are dependent on the type of detector, the Container in 
which the radioactivity is plated, and the source-detector geometry, The basie efficiency equation for detectors designed to 
count discrete decay events over a period of time is given as: 

disintegrations/s = (counts/s)/s 


General Chapters 





















General Chapters 


2180 (1821) Radioactmty—Theory and Practice / General Information 


USP 40 


z = efficiency or calibration factor 

Because 1 dps is defined as 1 Bq, the above equatlon gives radioactivity in units of Bq. Through the application of the appro- 
prfate unit com/ersion, Bq can be Eransformed into j i€\ or any oEher unit of radioactivity. Detectors should be calibrated with a 
source of known radioactivity and in a fixed geometry. 

3.4 Background 

Cosmtc rays, radioaclivity present In the detector or shielding materials, and radiation from improperly shielded sources con- 
tribute to the background radiation. Alf radioactiwty measurements shoufd be corrected by subtracting the background count 
ratę from the gross count ratę in the test sample. 

3.5 Statistics of Countmg 

Modern radiation detection systems often incorporate statistical analysis into their software. The user shoufd understand the 
use and limitatfons of these programs to en surę accurate results. 

Because the process of radioactive decay is a random phenomenon, the events being counted form a random sequence in 
time. Therefore, counting for any fi ni te time can yield only an estimate of the true counting ratę. The predsion of this esti- 
matę, being subject to statistical fiuctuations, is dependent upon the number of counts accumufated in a given measurement 
and can be expressed as: 

a = V/7 

o - standard deviation 

n - number of counts accumulated in a given measurement 
The probabflity of a single measurement falling within ±100/Vn% of the mean of a great many measurements is 0.68, which 
means that if each count were to Ife within ±100/ vn% of the mean for approximate!y two-thirds of the obseivations, then 
approximateIy oneThird of the observations would ITe outside of this interval. 

Because of the statistical naturę of radioactwe decay, repeated counting of an undisturbed source wili yield count-rate vaiues 
in accordance with the freguency of a normal distribution. Any deviations in these values from the norma! distribution conform 
to the chi-sguare (z 2 ) statistical test. For this reason, fhe z 1 test is frequently applied to determine the performance and correct 
operation of a counting assembly. The term "figurę of merit" of a radioactive counting instrument is expressed as: 

Figurę of merit 1= z 2 IB 

e - counter efficiency 

B - background count ratę (cps) 

In the selection of instruments and conditions for assay of radioactive sources, the figurę of merit should be maxirnized. 

3,6 Minimum Detectable Activity 

In situations where only very smali guantities of radioactivity are Lo be measured, the lower limit of the ability of the instru¬ 
ment to detect that particular radionuclide should be known. The "minimum sensitivity", also referred to as "limit of detec¬ 
tion", is defined as the net count ratę above background that must be exceeded before a sample is deemed to contain detect¬ 
able radioactivity with a specified level of confidence, The minimum sensitivity ts generally considered to be 3 standard devia- 
tions above the mean background count ratę and is calculated as: 

Minimum sensitivity = (3 x vB)ft 

B ~ background count ratę (cps) 

f - count time 

The minimum detectable activity is defined as the smaflest quantity of radioactivity that can be measured under the specific 
conditions of minimum sensitivity and counting efficiency of the instrument, (t is calculated as: 

Minimum detectable activity = (Minimum sensitśvity}/(£ x F) 

£ - counting efficiency 

F = unit conversion factor 

For exampfe, if minimum sensitivjty is in units of dpm and minimum detectable activity is desired to be in units of Bq, then F- 
60 dpm/Bq. if minimum sensitivity ts in units of cpm and minimum detectable activity is desired to be in units of jiCi, then F- 
2.2 x 10 6 cpm/pCi. 
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3 J Limit of Quantifieation 

The limit of quantification is the smallest quanttty of radioactivity that can be quantitative!y deteimined with suitable preck 
sion and accuracy. The limit of quantification is used particularly for the determination of impurities and degradation products. 
In practical terms, the limit of guantification es usually considered to be 10 standard deviations above the mean background 
count ratę. 

3.8 Counting Losses 

The minimum time intervai that is required for the counter to resolve two consecutive signal pułses is known as the dead 
time. The dead time is typically on the order of microseconds for proportlonal and scintillatidn counters and to hundreds of 
microseconds for Geiger counters. Nudear events occurring within the dead time of the counter will not be registered, The 
corrected count ratę, R, can be calculated uslng the formula: 

R - r/(l -r* r) 

r - observed count ratę 

r = dead time 

The correction formula assumes a nonextendable dead time. The observed count ratę, r, refers to the gross sample count ratę 
and is not to be corrected for background before use In this equatton. For generał vafidity, the vatue of rx rshould not exceed 
0.1. Most modern counting syslems have the abllity to account for dead time, but dead time may still be a factor to consider 
in some circumstances. 

3.9 Linearity and Rangę 

When a radiation detection instrument is used in a quantitativg measurement, the instrument should be suitable for the 
type(s) of radiation to be measured, and the instrument response should be linear over the rangę of measurements or a correc¬ 
tion factor should be applied. Nor maiły, a minimum of five different quantities of radioactivity are used to establish linearity. 
These quantrties should bracket the rangę of radioactivity levels that are routinely measured In a particular application. 

3.10 Calibration Standards 

Ali radioactivity assays should be performed usrng measurement systems that have been calrbrated with appropnately certk 
fied radioactivity standards. Such calibration standards may be purchased either directly from an appropriate National Metrok 
ogy Institute (NM1) or from other sources that have established traceability to the NMI, through participation in a program of 
inter-comparative measurements. Where such calibration standards are unavailable, nudear decay data required for calibration 
can be obtained from the Evafuated Nudear Structure Data File maintained at the Brookhaven National Laboratory. 1 

3.11 Production of Radionuclides 

The vanous radionucfides found in naturę generally have undesirable properties For nuclear medidne applications, including 
very long half-lives (e.g., thousands or millions of years), decay with emissions of alpha or beta partides, and Iow isotopic purk 
ty because of the presence of other isotopes of that element. Because of these properties, naturally occurring radionuclides are 
rarely used for radiopharmaceutlcals, except for some alpha-emitting members of the actinide decay series, which are used for 
certaln therapeutic radiopharmaceuticals (e.g., radium-223). 

There arefour common production roufes for artifidally produced radionuclides: fission, neutron activation, charged-partk 
cle-induced reactions (cyclotron), and radtonuclide generators. 

"Fission byproducts" referto radionuclides that are obtained as byproducts of the fission of uranium (uranium-235). These 
radionuclides, whether directly produced fission fragments or subsequent members in a decay chain originating from a fission 
fragment, can be chemically separated into individual forms from the mixture of fission products. Desirable properties of fis¬ 
sion byproducts include high isotopic purity and moderate cost Undesirabfe properties may include beta-particle emissions, 
Iow specific activity of certain radionucfides, and the limiter! selection of radionuclides produced. Examp!es of fission byprod¬ 
ucts used in nudear medidne appfications include iodrne-131 and xenom1 33. Currently, the most widely used fission byprod- 
uct h moiybdenum-99, which is used in technetiun>99m generators. 

"Neutron activation" refers to the production of radionuclides in a nudear reactor by bombarding target atoms with ther- 
mal neutrons. Nudear transformations, induced by neutron capture, resuft in isotopes possessing one additional neutron, and 
thus an atomie mass inereased by one, The excess energy of the newly formed isotope is emitted as a gamma ray. These reac¬ 
tions are often terrned (n,y) reactions, Desirable properties of neutron-activated radionuclides Include a wtde variety of isotopes 
that can be produced and the moderate cost to produce them. Undesirabfe properties may include decay with beta-partide 


1 hup://www.nndc, bnl.gov/ens cif. 
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emissions and re!atively Iow isotopic purity (i.e., unreacted stabie target atoms are mixed with their radioisotope products). 
Because of their beta emissions, however, several of these radionudides have been used m therapeutic radiopharmaceuticals. 
Examples of neutron-activated radionudides used in therapeutic radiopharmaceuticals include strontium-89, yttrium-90, io- 
dine-131, samarium-153, and lutetium-177, 

Cyclotron production of radionudides occurs by bombarding stabie atoms with tharged particles (e.g v protons or deuter* 
ons) that have been accelerated in the cyclotrorTs oscillating electromagnetic field, Nuclear transformations induced by parti¬ 
cie oapture usually result in a radioisotope of a different element with the emission of one or morę neutrons or protons. For 
example, if a proton is captured and a neutron h emŚEted, the reaction is often termed a (p t n) reaction. Desirable properties of 
cyclotron-produced radionudides include the wide variety of isolopes that can be produced, the availabiiity of alternate pro¬ 
duction schemes, radionuclide decay by electron capture or positron decay rather than by beta decay, and high isotopic puri¬ 
ty, Undesirable properties may include contaminating radioisotopes from side reactions and the relatively high cost of radionu- 
clide product. Examples of cyclotron-produced radionudides used in nuclear medidne applications include carbon-11, fluo- 
rine-18, galIium-67, indium-111, iodine-123, and thallium-201. 

Generators refer to a special method of radionuclide production whereby a short-fived radionuclide results or is generated 
from the decay of a longer-lived radionuclide, The longer-lived parem radionuclide is generally bound to a column, and the 
short-lived radionuclide daughter product is then extracted (eluted) from the column. After elution, subsequent decay of the 
long-lived parent radionuclide generates morę of the short-lived radionuclide daughter product, whlch can then be extracted. 
A generator provides a specific radionuclide in sequential elutions over a prolonged period of time, Desirable properties of 
generator-produced radionudides include ready availability, portability, low-to-moderate cost, yaiiety of radionudides and 
type of decay, and relatively high isotopic purity. Undesirable properties may include the limited number of pa rent-daugliter 
pairs and the potential for generator breakthrough of the parent radionuclide in the eluate, Examples of generator-produced 
radionudides used in nuclear medicine applications include technetium-99m (daughter of moiybdenum-99), rubidium-82 
(daughter of stronUum-82), and gaflium-68 (daughter of germanium-68). The characteristtcs of all four production methods 
are summa bzed m Tobie h 


Table 1, Production Methods of Radionudides 


Production Method 

Nuclear Reactor 
(fission byproduct) 

Nuclear Reactor 
(neutron activation) 

Cyclotron 

Radionuclide 

Generator 

Bombarding particie 

Neutron 

Neutron 

Proton, deutercm, 
Ihton, alpha 

Production by decay of parent 

Product 

Neutron excess 

Neutron excess 

Neutron poor 

Neutron poor or excess 

Ty pica 1 decay pa thway 

p- 

p- 

Positron emissfon, 
electron capture 

Several modes 

Typkally carrier free 

Yes 

No 

Yes 

Yes 

High spedfic aciivity 

Yes 

No 

Yes 

Yes 

Relatlve cost 

Moderale 

Moderale 

High 

Low to moderale 

Radionudides tor nuclear 
medidne applications 

Molybdenum-99, 
iodine-1 31, 
xenon-133 

lodined 31, stronUum 89 
yttrium-90, samariumd 53, 
luietium-1 77 

Thalllum-201, 
iodine-123, 
galfium-67, 
indium-111, 
fluorine-18, 
carbon-11 

Technetium-99m, krypton-81 m, 
gallium-68 f rubidium-82 


Other methods of radionuclide production have been developed but currently are not used to produce radionudides used in 
radiopharmaceuticals. 


3.12 Carrier 

The Lotal mass of radioactive atoms or mofecules in a radiopharmaceutical is directly proportional to the amount of radioac- 
tiviLy and is usually too smali to be measured by ordinary Chemical or physical methods. For exampJe, 37MBq (1 mCi) of io- 
dine-131 has a mass of 8 x 1Q-* g. Because such smali quantities behave in an anomalous rnanner, such as nonspecrfic adsorp- 
tion to Container walls, a carrier may be added during processing to permil ready handling. Amounts of the carrier, however, 
should be sufficiently smali so that undesirable physiological, pharmacological, or tox*cological effects are not produced. Also, 
because the carrier is chemicatly identical to the radionuclide, the amount of carrier should be limited to avoid competitive 
interference with the desired Chemical reactions and overall radiochemical yield. 

The term "carrier free" refers only to radioactive preparations in which other isotopes of the radionuclide are absent (Fe., 
free from the presence of carrier). In practice, a true carrier-free stale may be difficult or impossible to achieve because of the 
ubiąuity of certain elements or molecules. Hence, the term "no carrier added" may morę appropnately deseribe a preparation 
that may contain a LrivEal amount of carrier but for which addltional carrier has not been purposefully added. Radionudides 
produced by neutron activation reactions generally contain substanlial amounts of nonradioactive isotope remaining from un- 
reacted target materia! and thus cannot be considered carrier free. However, there are select cases in which jthis is not the tase, 
such as ( n t p ) reactions. 
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The radioactivity per unit volume of a medium or vehicle containing a radionudide is referred to as the "radioactivity eon- 
cęntration", "spedfię concentration", or "strength" and is expressed in units such as Bq/mL or G/mL The radioactivity of a 
radionudide per unit mass is referred to as "specific activity" and is expressed in units such as Bq/g, G/g, or Bq/mol. The maxi- 
mum specific activity of a radioactive preparat i on exists when it is in a carrier-free state; the addition of a earrier results in low- 
ered specific activ)ty. 


3*13 Radiochemicał Identity and Purity 

"Radiochemicał identity" may be defined as the moieeufar structure of the compound thaf contarns the radionudide. Be- 
cause it is neariy rmpossible to anafyze the structure of radiolabeled compounds with the traditional tools used for organie 
structure determination, the radiochemicał identity of a radiopharmaceutical is often determined indirectly. This process be- 
gins with Lhe preparation and characterizatton of a nonradioactive analog, which is commonly referred to as the "cold com¬ 
pound". The radiolabeled compound is often chromalographicaily analyzed simullaneously with the coid compound, The 
identica! response of the two compounds demonslrates the structural identity of the radiolabeled compound. 

The radiochemicał purity of a radiopharmaceutical preparation refers to the fraction of the stated radionudide present in the 
stated Chemical form. RadiochemicaJ purity is important for radiopharmaceutlcais because radiochemicał impurities may affect 
the biodistribution and interfere with image interpretation (diagnostic accuracy), In addition, radiochemicał impurities may ab 
ter radiation absorbed doses to various organs. When using therapeutic radiopharmaceutlcais, radiochemicał purity is very im¬ 
port ant because altered biodistribution associated with radiochemicał impurities may result in insuffident irradiation of the tar- 
get tissue (suboptimal treatment response) or excessive irradiation of other tissues (undesired radiation damage), 

Radiochemicał impurities in radiopharmaceutlcais may result from byproducts of the preparative method orfrom decompo- 
Sftion. Radiation causes decomposition of water, a main component of agueous radiopharmaceutical preparations, leading to 
the production of reactive hydrogen atoms and hydroxyl radicals, hydrated efectrons, hydrogen, hydrogen ions, and hydrogen 
peroxide. Hydrogen peroxide is formed in the presence of oxygen radicals, originating from the radiotytic decomposition of 
dissolved oxygen. Many radiopharmaceutlcais show improved stability if oxygen is excluded or restricted. Radiation may also 
affect the radiopharmaceutical itself, giving rise to ions, radicals, and excited States, These species may combine with one an- 
other and/or with the active species formed from water. Radiation decomposition may be minimized by the use of Chemical 
agents that acl as electron or radical scavengers, Radiochemicał purity must meet compendiai standards throughout the time 
of use until the stated expiration of the radiopharmaceutical. 

Determination of radiochemicał purity is typically a two-stage process; 1) the different Chemical species are separated by 
paper, thin-layer, or column chromatography or other suitable analytical separation technique; and 2) the radioactivity eon- 
tent in each of the separated chemicai species ts measured with a suitable radiation detector and counting device. The ulti- 
mate confinnation of acceptable radiochemicał purity of a radiopharmaceutical ts sts intended biodistribution after administra- 
tion* 


3*14 Radionuclidic Identity and Purity 

"Radionudidie identity" is a criticai parameter in radiopharmacy because the radionudide used determines the radiation 
dose to the patient, the biodistribution of the radiopharmaceutical, the quallty of any images obtained, or the efficacy of any 
therapeutic preparation. Radionudide identity can be established either by measuring the half-lrfe or the energy of the radia- 
tions emitted by the sampie. 

The radionuclidic purity of a radiopharmaceutical preparation refers to the fraction of radioactwity attributable to the desired 
radionudide in the total radioactivity measured. Hente, a radionuclidic impurity is Lhe presence of an unwanted radionudide, 
Radionuclidic purity is important for radiopharmaceutlcais, because unwanted radionuclides may cause several undesired con- 
sequences: 

■ Radionuclidic impurities may cause the radioactive assay of the radiopharmaceutical to deviate from the prescribed 
afnounjb 

* Radionuclidic impurities may deliver higher-than-desired, radiation-absorbed doses to various organs and tissues. 

* In some situations, radionuclidic impurities may interfere with image interpretation (diagnostic accuracy), 

■ It should be remembered that radionuclidic purity will change with time and is generally speclfied as a percentage of the 
desired radionudide'* activity at the time of calibration or at the time of admlnistration (e.g., molybdenum-99 in technet!- 
um-99m), 

The radionuclidic purity must meet compendiai standards throughout the useful life of the radiopharmaceutical. In addition, 
the impurily(ies) themselves will decay, Consideration must be given to the acceptable minimum and maximum allowable 
times between expiration of the product and analysis for impurities. 

Radionuclidic impurities commonly arise during radionudide production relating to impurities in target materials, differences 
in the values of various competing production cross-sectfons, and different excitation functions of competlng reactions at the 
energy of the bombarding particles, In the case of generalor-produced radionuclides, some generator breakthrough of parent 
radionudide typically occurs and represents a radionudide impurity in Lhe eluate of the daughter radionudide, 

Determination of radionuclidic purity is typically based on evaluation of radioactive emissions, the principal analysis of the 
gamma spectrum obtained from a sampie of the product. For short-lived isotopes, the haff-life measurement could be an ap- 
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propriate approach to assess radionudidic purity. In cases involvmg radionudidic impurities that have long half-lives refative to 
the desired radionuclide, measurement of the radionudidic impurities can be performed after a sufficient time delay to aliow 
the desired radionuclide to fuily decay, In cases involving radionudidic impurities that have sutostantially higher energy gamma 
emrssions relative to the desired radionuclide, measurement of the radionudidic impurities can be performed after placing the 
product inside a properly cafibrated radiation shield that affords dffferential attenuation of the gamma rays emitted from the 
desired radionuclide versus those emitted from the radionudidic impurities. Positron-emitting radionuclides typically cannot be 
differentiated, because their emitted energy (511 keV) is the same for each radionuclide; thus, gamma-ray spectrometry is not 
a recommended prerelease test for radionudidic identity for PET radionuclides. Some positron-emitting radionuclides have 
characteristic gamma-ray emisstons in addition to 511 keV, which may be used for purposes of identifrcation (e,g*, germani* 
um-69 and sodium-22). In any case, the appropriate instrument should be chosen to detect potential impurities and should be 
properly calibrated to accurately guantify any identified impurities, 

3.15 Chemical Purity 

The Chemical purity refers to the fractton of the total Chemical species present in the product as the specified Chemical com- 
ponent(s), Hence, a Chemical impurity is the presence of an unwanted nonradioacttve Chemical Chemical purity is important 
for radiopharmaceuticals, because Chemical impurities may cause undesirable consequences such as Chemical interactions 
(e.g., precipitatiól) and toxic biologie effects, 

Chemical impurities are typically associated with production procedures and may include contaminants from raw materials, 
synthetic byproducts, solvent$, excipfenls, equipment, preparative or puhfication columns, and containers. For certain radio¬ 
pharmaceuticals, Chemical impurities may also be associated with generator breakthrough of resin materiał from the generator 
column (e.g„ alumina) in the efuate solution. 

Determination of Chemical purity is generally not performed and reported as a single attribute, Rather, determinations of 
individual Chemical impurities are performed and compared to specifications (limits) for the respective individual Chemical im¬ 
purities. Such determinadons of Chemical impurities use analytical techniques as appropriate and described in the individual 
radiopharmaceutical monograph. 

3,16 Labeling 

lndividual radiopharmaceutical monographs indicate that the labeling is to include the datę and time of ealibration, the 
amount of radioactivity associated with the radiopharmaceutical expressed as total MBq (pCi or mCi) and concentration as 
MBq £pG or mOJ/mL at the time of ealibration, the expiration datę (and time, if appropriate), and the statement, "Caution— 
Radioactive Materiał", The labeling indicates that in making dosage cafculations, a correction is to be madę for radioactive de- 
cay and also indicates the radioactive haff-life of the radionuclide, Olher labeling reguirements may apply to biologics or arb- 
des intended for injection, Beyond-use dates of compounded preparations should be included as appropriate. Additional labef* 
ing requirements may be required by various regulatory agencies. 

3,17 Naming Conventions for Isotopes 

Various naming conventions exisl for isotopes that are associated with radiopharmaceuticals and radioactive devices. For ex- 
ample, the name of an isotope may or may not use a superscripted value for the mass number, Superscnpted values should 
precede the elemental symbol for the isotope, and non-superscripted values should follow the elemental symbol, preferably 
with a hyphen between the symbol and the mass number. Examples include ófl Ga and 0-18, respectively. Square brackets 
should be used to denote a specifk isotope when necessary within a Chemical name. For example, 2-[ 18 F)fluoro-2-deoxyglu- 
cose, lndividual radiopharmaceutical monographs use nonproprietary names assigned by the U,S, Adopted Names (U5AN) 
Council, whrch use the elemental symbol foltowed by the mass number separated by a space, for example, Thallous Chlortde Tl 
201 Injection. Although exceptions to these com/entions undoubtedly exist, efforts should be madę to addpt standardized eon* 
ventions for radiopharmaceuticals and radioactive devices that fali within the scope of this generał chapter. 

4, INSTRUMENT ATI ON FOR DETECTION AND MEASUREMENT OF RADiOACTlVE EMISSIONS 

AND APPLICATIONS 

4.1 Jonization Chambers 

Radioactive materials are not readily detected by ordinary Chemical or physica) methods. Instead, detection methods for ra- 
dioactive materials refy on the ionization of matter that results from the emitted radiation, The charge separadon created dur- 
ing thls process forms the basis of radiation detection systems, which may be based on the ionization properties of gaseous, 
liquid, and solid materials. 

An ionization chamber is an instrument thal directly 'measures ions produced in a gas as the result of the interaction of radia- 
bon with the gas The most common usage in nudear medkine applicalions is as the detector used in a dose calibrator The 



USP 40 


General Information / (1821) Radioactivity—Theory and Practice 2185 


dose caiibrator is an instrument used to measure the quantity of radioactMty in a radiopharmaceuticaL The key component of 
a dose caiibrator is an argon-filled cham ber with an applied electrica! potential that allows the detection of ions produced by 
the passage of gamma rays through the chamber, CaJibratjon of the system may involve one or morę radionucEides with gam¬ 
ma energies and guantities that span the rangę of typical analyses, The calibration of the ionization chamber shouid be per- 
formed, when possible, with suitable NMhtraceable radionuclide standards. Routine system suitability testing shouid include 
checks for these parameters. Freguency of testing shouJd oceur as appropriate. Please refer to (821) for additionai details on 
typical instrument requirements. 

The posltion of the rad»oactive sample in the dose ca!tb r aLor is ideaf when it simulates 4n geometry; The geometrie goal is 
pfacement of the sample at a point in the center of the cylindrical detector, Reprodueibility of placement within the chamber is 
critical, because the response typically drops off at the top and bottom of the cylinder because of a combination of geometry 
and electronic effects. The vaEue of the ionization current per unit of radioactMty, known as the "calibration factor", is cha rat- 
teristic of each gamma-ray-emitting radionuclide, The current produced in a dose caiibrator is related to the mean energy of 
the emitted radiation and is proportionaj to the intensity of the radiation. The calibration of the dose caiibrator for a spedfic 
radionuclide is ideałly performed with a radioactEve calibration source of the same radionuclide. A[ternatively, it may be per- 
formed by measuring radEoactive calibration sources with gamma energies above and below the gamma energy for the radio- 
nudide to be measured and interpotating these values, also correcting for differences in gamma abundance, to establish the 
calibration factor for that radionuclide, 

The upper limit of the dose caiibrator is normally specified by the manufacturer, If not, testing is required to ascertain this 
upper limit With a deep reentrant welf-type chamber, reproducibility within approximate!y 5% or less can be readtly obtained 
in a few seconds for quantities of radioactMty in the MBq (mCi) rangę and within about 30 s for quantities in the kBq (jj,Ce) 
rangę. 

The calibration of a dose caiibrator shouid be maintained by relating the measured response of a standard to that of a long- 
lived reference standard, such as radium-226 In equilibrium with its daughters, cesium-1 3/ in eguilibrium with its daughters, 
barium-133, cobalt-60, or cobalt-57. The instrument shouid be checked on each day of use with the reference standard source 
to ascertain the stabifity over a long period of time. This check shouid include reference standard readings at all radionuclide 
settings used. Any necessary correct ions for radioactive decay of the reference standard source shouid first be applied. U is also 
recommended that the reprodueibility and/or stability of multi-range Instruments be checked with the use of standards with 
appropriate actlyities for all ranges. 

The size, shape, and Ipeation of a radioactive sam ple within the well will affect the response of a dose caiibrator. This is usu- 
ally referred to as "geometry". The shape, composition, and dimensions of the Container holding the radioactive materiał can 
affect the resjult Effects relating to Container properties are generally morę pronounced with radlonuclides that emit beta parti- 
cles (because of differences in Bremsstrahlung produetion) or emit Iow energy gamma or X-rays (because of differences in 
photon attenuation), It is Important that geometrie correction factors, if needed, be determined for each combination of radi- 
onuclide and configuration (i.e., size, shape, location with the well chamber, volume within the Container, and Container prop¬ 
erties). The manufactureris calibration factor for each radionuclide is determined using a specific geometry and Container, 
which may not match the geometry or Container used operationaEly. 

4,2 Liquid Scintillation Counters 

The 1iqutd scintillation counter (LSC) detection method Jses liquid scintillation cocktails to transform emitted radiation into 
detectable light photons. Alpha- and beta-emitting radionucildes may be assayed with the use of a liquid-sdnti Kation detector 
system, In the fiąuid scintillator, the emitted radiation is converted into light quanta that are usuajly deteeted by two multiplier 
phototubes ananged to detect only coinddence radiation. The liquid scintillator is a solution consisting of a solvent, primary 
and secondary solutes, and additives, As the emitted particie dissipates energy in the sotvent, a fraction of this energy is con- 
verted into fluorescent light by the primary soi u te. The function of the secondary solute is to absorb the primary fluorescence 
and re-emit the light at a longer wave!ength that is morę efficiently deteeted by the multiplier phototubes, Traditionally used 
solvents (cocktails) are toluene and />xylene; primary solutes are 2,5-diphenyfoxazote (PPO) and 2-(4'-tert-butylphenyl)-5-(4- 
biphenyly!)4,3,4-oxadiazole (butyl-PBD); and secondary solutes are 2,2'-p-phenylenebIs[4-methyh5-phenyloxazole] (dimethyl- 
POPOP) and p-bis(o-Enethylstrylyl)benzene (bis-MSB). Many aguęous scintillating solution cocktails that are less hazardous are 
available, Aqueous Solutions tend to have a shorter shelf-fife; therefore, it is important to ensure that they have not expired 
before use. As a means of attaining compatibility and miscibility with aąueous samples to be assayed, additives, such as surfac- 
tants and solubilizing agents, are also incorporated into the scintillator. For an accurate determination of radioactMty of the 
sam ple, care shouid be exercised to prepare a sampfe that is trufy homogeneous, Quenching is a major concern for figuid scin¬ 
tillation and refers to any mechanism that causes a reduction of emitted light by the source, Quenching can result from multi- 
ple factors, induding oxygen and dilution effects; therefore, it is critical to perform quenching corrections by counting compa- 
rative measurements of standard samples using the same conditions of voiume, additives, and solvent to accurately account 
for these effects. 

Alternatiyely, an external source, typically barium-133 or europium-152, is placed in close proxlmity to the sample vial to 
release Compton electrons. The shape of the resulting spectrum is analyzed to compute a quench-indicatlon parameter. This 
parameter can Lhen be related to the counting efficiency by measuring sources of known rad!oaclivity at a determined level of 
guenchtng agent. The resulting quench curve allows the determination of the radioactMty of an unknown sample knowing 
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the count ratę and value of the quenching parameter. The scintillation fluid may requlre special handling for disposal, in addi- 
tion to any residuaI radioattivity. Static electridty on the viais may also cause spurious counts in the system, espedally in the 
case where low-energy beta emitters are being assayed. Thfs problem is often greater in a low-humidity envlronmenL 
The disintegration ratę of a beta-emitting source may be determined by a procedurę in which the integral count ratę of the 
sample is measured as a function of the pulse-height discriminator bias, and the emission ratę is then obtained by extrapola- 
tion to zero bias, Energetic alpha-emitters may be simifarly measured by this method. 

4.3 Nuclear Spectroscopy Systems 

GAMMA-RAY SPECTROMETRY 

Each gamma-emitting radionudide has a unique spectrum of mono-energetic photons emitted that allows the Identification 
and quantiffcation of radEoactive materia is in a sample by comparing the energy(ies) of the photon(s) detected and the intensi- 
ty at each energy. This gamma spectrum aflows for both the quantitative determination of purity as well as identity of the 
radionudide. Gamma-spectrum analysls can be performed by using either a scintillation crystal, typically sodium iodtde activa- 
ted with thallium [Nal(TI)], or by using a serniconductor detector consistlng of a germanium-lithium (Ce—Li) crystal or a high- 
purity germaniom detector (HPGe). Semiconductor detectors have a much higher energy resolution than Nal(TI) detectors, 
with the ability to re$olve gamma rays differing in energy by only a few keV, as opposed to the 20-80 keV required for a 
Nal(T!) detector. Because of their increased resolution, semiconductor detectors are the preferred analytical method for gam¬ 
ma spectral analysis. A lanthanum-bromide detector is also available that has a significantly better resolution (10-12 keV) than 
the Nal(TI) detector, without the necessary requ i c ement of liguid nitrogen cooling for a HPGe detector, The use of spectrosco¬ 
py software to automate the analysis is acceptable; however, the operator should have an understanding of the parameters 
chosen to ensure that the performance of the system is adequate to meet test reguirements, 

Semiconductor detectors are, in essence, solid-state ionization chambers, but the energy required to create an electron-hole 
pair or to promote an electron from the valence band to the conduclion band in the semiconductor is about one-tenth the 
energy reguired for creation of an ion-patr in a gas-filled ionization chamber or proportional counfer. This energy threshold is 
also far less than the energy needed to produce a photon in a Nal(Ti) scintillation crystal. The energy resolution is a measure of 
the abifity to distinguish Lhe presence of two gamma rays dosely spaced in energy and is defined by convention as the fuli 
width of the photopeak at its half maximum (FWHM), expressed as a percentage of the photopeak energy. For example, with 
1 33 MeV gamma rays from cobalt-60, a HPGe detector has an energy resolution of about 0.3% FWHM, whereas a 3-in x 3-in 
Naf(TI) crystal has a value of about 6%. 

Gamma-ray spectra exhibit one or morę sharp, characteristic photopealcs, or full-energy peaks, as a result of total absorption 
in the detector of the ful) energy of incident gamma radiations. These photopeaks are useful for Identification purposes. Other 
secondary peaks are observed as a consequence of backscatter, annihilation radiation, coincidence summing, fluorescent X- 
rays, and other factors, accompanied by a broad band known as the "Compton continuum", which arises from the scattering 
of photons in the detector and surrounding materials. Because the photopeak response varies with gamma-ray energy, calibra- 
tion of the gamma-ray spectrometer should be achieved with radionudide standards having well-known gamma-ray energies 
and emission rates from an NMI, The shape of the gamma-ray spectrum is dependent upon the shape and size of the detector, 
the types of shiefding materiaJs used, and the electronic processing characteristics of the instrument 
One of the most useful applications of gamma-ray spectrometry is the identification of radionuclides and the determination 
of radionudidic impurities. When confirming the identity of a radionudide by gamma-ray spectrometry and/or guantifying the 
radioactivity, it is necessary to ensure that the detector has been accurately calibrated using a known source, as described 
above, and in the same geometry as the unknown sample. Where the radionuclides emit coincident gamma or X-radiations, 
the character of the pulse-height distri butlo n often changes quite dra matka! ly because of the summing effect of these cornd- 
dent radiations in the detector as the efficiency of detection is increased (e.g., by bringing the source closer to the detector); 
this is referred to as "cascade summing". Such an effect ii particularly evident in the case of iodine-125. Most commercially 
available software packages include an abifity to correct this source of error. 

When identification of a radionudide by means of a calibrated spectrometry system is nof possible, the identity of the radio¬ 
nudide may instead be established by measuring two or morę of the following nuclear decay scheme parameters: (1) half-life; 
(2) energy of each gamma ray or X-ray emitted; (3) the abundance of each emission; and (4) E moxi the maximum energy of 
emitted beta particles, for those radionuclides that decay with beta-particle emissions. Such measurements should be per¬ 
formed as directed in (821). Agreement of two or morę of the measured parameters within 10% of the corresponding publish- 
ed nuclear decay scheme data confirms the identity of the radionudide. 

As with other types of detectors, the background should be determined and subtracted from the measurement. In addition, 
the background should be stable, espectally in situations where long counting times are reguired. This can be achieved by rum 
ning a background spectrum before analysis and comparing it to a previously obtained background spectrum. Generation of a 
background spectrum will also allow the calculation of a minimum detectable activity for each possibte impunty. 
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BETA PARTICLE COUNTING SYSTEMS 

Beta (/?) particles are emitted with a distribution of energies ranging from zero to a definrte maximum vaiue, The maximum 
energy of the electrons is characteristic of a particular radionuclide and is normally the sbown in nuclear data tables. The 
deLemnination of the maximum beta energy may aid in the identification of the beta-emitting radioisotope, and carefut meas- 
uremenls can routinely quantify activities* Emitted beta particles rarely possess the maximum energy* On average, emitted be¬ 
ta particles possess one-third of the maximum energy. Beta particles can be difficult to detect because they only penetrate 
smali thicknesses of solid materiał [Notę —Radioisotopes that emit gamma radiation in addition to beta radiation are morę 
easily quantified and identified by using gamma-ray spectroscopy, In some cases, gamma-ray detection is the preferred meth- 
od for measuring these radroisotopes and ts usually the best means of Identification of a beta/gamma-emitting radionuclide*] 

Several detectors can be used for the detection and measurement of beta particles. These can be Ionization chambers, pro¬ 
portional counters, and scintillation counters with their associated elettromcs, 5e!f-absorption and backscattenng can be an 
issue in beta-particle analysis and can result in a lower or higher number. Ionization chambers and proporlional counters can 
be used for the quantitation of beta particles but are less suited for Identification, because they cannot measure the maaimum 
beta energy. Scintillation counters can be used for both the quantitation and identification of beta particles. When all or part 
of the energy of beta radiation is dissipated within sdntrllators, pholons of an intensity proportional to the amount of dissipa- 
ted energy are produced. These pulses are detected by an electron multiplier phototube and converted to electrical pulses, 
which are subsequently analyzed with a pulse-height analyzer to yield a pulse-height spectrum related to the energy spectrum 
of the incident radiation. In generał, a beta-particie, sdntilłation pulse-height spectrum approximates the true beta-energy 
spectrum, provided that the beta-particle source is prepared in such a manner that self-absorption is minimized. Beta-parlide 
energy spectra may be obtained by using calcium fluorlde or anthracene as the sdntrlfator* The spectra of charged particles 
may also be obtained using Silicon semiconductor detectors* 

The penetration power of beta particles is significantly larger than for alpha particles; a few millimeters of aluminum will stop 
beta particles* Care should be taken for the Bremsstrahlung X-rays that are created during the deceleratton of the beta parti¬ 
cles, because they may influence the measurement and can be a radiation safety concern* 

Beta emitters can be quantitatively measured with ionization chambers and proportional counters that measure electrical 
current generated by the ionization of a select gas in a high-voltage field. Depending on the energy of the beta particie, the 
composition of the sampie and Container, and the design of the detector, the measurement may be based on Bremsstrahlung. 
For a radionuclide in solution, most of the beta energy is absorbed by the solvent, leaving only Bremsstrahlung exiting the 
sampie* In the case of ionization chambers (e*g*, dose calibrators), the walls housing the ionizable gas effectively convert all 
beta energy to secondary pholons. As is the case for all radiation measurements, quantilative determinations wfth an ion 
chamber or a proportional counter depend on hgorous calibration and standardization of the sampie type and geometry, 

Depending on the detection setup, alpha particles can interfere with measurement of the beta particles. This can be easily 
prevented by positioning an absorber for alpha particles belween the source and the measuring eguipmenL However, because 
low-energy bela particles {<200 keV) may also be absorbed, the count ratę should be corrected for the absorption of these 
low-energy beta particles* 

An LSC can also be used for the guantification of beta particles and aid in radionuclide detection. Because of the high effi- 
ciency of the method, LSC is particularly useful in measuring very Iow Sevels of radk>activlty and is commonly used for eomp!ex 
biological samples* The sampie is normally dissolved in a solution containing a phosphor that converts the beta emission to 
light pulses, which are detected by a very sensitivj§ system of photomultiplier tubes. At energies greater than -100 keV, the 
energy conversion and therefore the counting effidency, is essentially 100%. The method is somewhat compromised by 
guenching effects, but these can be easily overcome with ca ref ul calibration. 

When high energy (>800 keV) beta particles are measured, it is possible to count without scintillation cocktails, because the 
beta particles create Cherenkov radiation, which can be directly detected with a photomultiplier. [Notę— Although alpha parti- 
cles can interfere with beta counting, this problem can be corrected for by use of thin absorbers or by instrumental energy 
discrimination*] 

The identification of pure beta-emitting radioisotopes without accompanying gammas is best done by a combined measure¬ 
ment of the half-iife of the radioisotope and the maximum energy of the beta radiation emitted by the radioisotope. 

The approximate maximum energy of a beta particie can be determined by two procedures: (1) by measuring the radioac- 
tivity as a function of absorber thickness; and (2) by plotting the logarithm of the count ratę versus the thickness of the ab¬ 
sorber in mg/m 2 ; then, an absorption curve can be madę. The absorption curve can be compared with standardized absorp- 
Łion curves, which aids in the identification of the radioisotope. 

Using LSC, by measuring the pulse height over a calibrated energy rangę, a beta-energy spectrum can be generated from 
which the maximum energy can be estimated. LSC Instruments typtcally automate the calibration factor, but care should be 
taken in correcting for guenching effects. 


ALPHA PARTICLE COUNTING SYSTEMS 

Several detectors can be used for the detection and measurement of alpha particles. These can be ionization chambers, pro¬ 
portional counters, Silicon semiconductor detectors, and scintillation counters with Lheir associated electronics. For the Identifi¬ 
cation and guantification of alpha particles, ioniżation chamber and proportional counters are not suitable. 
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Special precautions should be taken 3n the measurements of alpha partfdes because of therr high energy but Umited pene- 
tration power (about 40 um in Humań skin). 

For the Edentlfication and assay of alpha-partide emitters, spectrometry using Hquid scintlllatron is mostly used. For the iden- 
tiflcation and determination of radionudidic purity of aipha-partide emitters, spectromefry using a silicon-diode semiconduc- 
tor detector can be used, 

In a scintilJation counter, the energy of the alpha partide is transformed to a light pufse, which can be detected by a photo- 
multiplier tubę. The i n ten sity of the pulse is a measure of the energy of the detected alpha particie. Solid scintillation counters 
or phosphor detectors can be used as well as lfquid scintillation. 

When solid-state detectors are used, the sam ple is usually electroplated on a planchet disc, and the detector is brought close 
to or immediately on the sampte. The counting effidency of solid-state detectors tencls to be Iow. In liguid scintillation count¬ 
ing, when the sample is dissolved in the appropriate medium, the efffciency can very high, Each method of counting has its 
own advantages and disadvantages. For solid detectors, advantages are lower background noise and a better dlfferentiation 
between alpha and beta particles* Disadvantages are that no volatile sam pies can be measured, and self-absorption by the 
sample materiał (related to thickness of the sample layer) can lower the detected count ratę, giving a fafsely Iow outcome of 
the assay. 

For ligutd scintillation, ad^antages are the ease of sample preparation and no self-absorption, because the sample is mixed 
with the scintillation fluid. Disadvantages are higher background notse levels and poor separation between alpha and beta par¬ 
ticles. 

4,4 Detector Systems for Chromatographic Applications 

Chromatographic appltcations, wherein the radioactlve components of a mixture are separated based on their distribution 
between a stationary phase and a mobile phasą represent a unique usage of radiation detectlon systems. The most common 
chromatography applications indude thindayer chromatography (TLC), gas chromatography (GC), and liquid chromatogra- 
phy (high-pressure liquid chromatography and high-performance 3iquid chromatography, typically denoted as HPLC). De- 
pending on the chromatographic appfication and the type of emitted radiation, various detector systems may be used in the 
analysis of separated radioactive components 

Gamma-ray detector systems can be used to dynamically measure separated radioactive components in GC and HPLC appli- 
cations. In these applications, the eluate from the chromatography column is directed over or through the sdntillątlng detec¬ 
tor. Typically, these detector systems are not used for radionuclide Identification; therefore, Nai(TI) crystals tend to be the de¬ 
tector of choice in these applications, Depending on the required sensitivity of the technigue, the geometry of detector may 
consist of a well that surrounds the eluate tubing, or a ffow celi that passes the eluate across the surface of the detector* In 
either case, the design of the system should provlde a reproducible geometrie rdationship between the tubing and the detec¬ 
tor. In addition, the detector should be shlelded sufficiently to prevent spurious peaks or baseline drift due to background radi- 
ation. For this application, the output pulses of the photomultiplier tubę may be converted Into an analog signal whose volt- 
age is proportional to the number of puises (Le,, the amount of radioactiyity)* In this manner, the resulting electric signal is 
used by a data acquisition and chromatography system to provide a chromatogram in a similar fashlon as morę traditionał 
chromatography detection systems. The flow ratę of the el jatę and the amount of radioactivity in the eluate should be con- 
trolfed to provide a count ratę that is within the finear rangę of the detector system. 

LSC methods can also be used in HPLC separations of beta-emitting components, Several technigues may be used in this 
application, In the first, the eluate from the chromatographic column is collected in discrete fractions. Each fraction is then 
mixed with the fiquid scintillation cocktail before analysis in the LSC, Additional processing steps may be necessary before the 
addition of the cocktail to minimize ąuenching, In the seccnd technlque, the scintillation cocktail may be mixed with the elu¬ 
ate from the column before passage of the resulting mlxturę through an Online flow celi surrounded by the photomultiplier 
tubes. Finally, Inline solid sdntlllators may be used with in situ mixing of the eluate with a liquld scintillation cocktail, 

Beta-particle detector systems can be used to measure separated radioactive components in TLC applications. In thEs appli- 
cafion, windowless gas ionfzation detectors are most commonly used, and the detector is automatlcałly scanned over the TLC 
piąte, yielding a two-dimensiona! plot of the radioactivity, Because of the naturę of the sample, self-adsorption is negligible, 
and the beta radiation Is effldently counted. If afl of the components on the TLC piąte contain the same beta emitter, the 
output signal is proportional to the fraction of radioactivlty in the separated components. If the separated spedes contain dif- 
ferent radionuclides, the detector should be calibrated with each radionuclide to correct for different signal responses. Aiterna- 
tively, if such a detector is not available, the TLC piąte can De cut into muftipfe strlps and counted by an appropriate detector. 
The individual strlps should be counted using the same geometry. For the highest sensitivlty, the strips may be extracted with 
solvent and then counted by LSC. 

CLOSSARY 

Alpha particles (a): Positive1y charged particles thaL are emitted from nudel d u ring radloactive decay. Alpha partldes are 
Helium-4 nuciei, consisting of two protons and two neutrons but no efectrons. 

Beta particles (/? -): Negatiyely charged particles that are emitted from nuciei during radioactive decay, Beta particles are 
electrons. 
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Bremsstrahfung: Efectromagnetic radiation produced by the acceleration or especially the deceleration of a charged particie 
after passing through the electric and magnetic fiefds of a nudeus. 

Calibration factor: The coefficient used to coiwert the measured ionization chamber current to a nominał raciioactjyjty. This 
term is often referred to as the "calibration coefficient". 

Calibration time: An arbitrary time at which the specified amount of rad]oactivity is present on a spedfic dale. 

Carrier free: A preparation free from stable isotopes of the same element as the radionudide. 

Counting assembly: An instrument that consists of a sensmg unit and an electronic scalrng device. The sensing unit may be 
a Gelger-Muller tubę, a proportional counter, a scintillation detector in which a photomultiplier tubę is used in conjunction 
with a sdntillator, or a solid-slate semi-conductor. 

Dose calibrator (also referred to as radionudide calibrator): A weil-type ionization chamber commonly used to assay radio- 
pharmaceuticals, Display units are typically in curies (pCi or mCi or Ci) or beequerefs (kBq or MBq or GBq), 

Gamma rays (>-rays): Electromagnetk radiation emitted from nudei during radioactive decay. Gamma rays have a wide 
rangę of energies. The gamma rays emitted from a given radionudide are always at the same energy(ies), providing a unjque 
signaturę that enabies the Identification of a gamma-emitting radionudide. 

Geiger-Muller counter (often referred to as a G-M counter or Geiger counter): An instrument in which a highwoltage po- 
tential is applied across a volume of inert gas for the purpose of coflecting ions produced by a radiation field, The negative 
efectrons are Fiiternaily muftiplied to produce a readily detectabfe current pulse. Display units are typically counts per minutę 
(cpm) or milliroentgen per hour (mR/h), 

Geometry: The characteristics of a radioactfve source (Le., Container type, Container wali thickness, volume and position of 
the Container in the wefl chamber) that along with the physical characteristics of the ionization chamber affect the magnitude 
of the calibration coefficient for a spedfic radionudide, The prindpaJ geometry considerations that may affect the accuracy of 
a source measurement in a dose calibrator are Container configuration, source volume, position of the source in the chamber 
well, and the radionudide itself. [NOTĘ—It is customary to compare a standardized preparation and radiopharmaceuticaf drug 
or preparation using identical geometry conditions for assay, identification, and other parameters, The valrdity of the result is 
critically dependent upon the reproducibility of the spatial reiationships of the source to the detector and its surroundings and 
upon the accuracy of the standardized preparation.) 

Iomzation chamber: An instrument in which an electric field is applied across a volume of inert gas for the purpose of col- 
lecting ions produced by a radiation field. The positive ions and negative electrons drlft along the lines of forte of the electric 
field and are colfected on electrodes, producing an ionization current. The most commonly used form of ionization chambers 
for measurement of the activities of radiopharmaceuticals is a well-type ionization chamber known as a dose calibrator. 

Isobars: Nuclides with the same mass number (protons + neutrons). 

Isomers: Atoms with the same number of protons and neutrons, but a different nudear energy configuration. Short4ived 
radioactive tsomers are generally referred to as metastable. Different isomers are different nuclides based on their nuclear ener¬ 
gy confrgurations. 

Isotones: Nuclides with the same number of neutrons and a different number of protons. Isotones are different elements 
with different atomie masses. 

isotopes; Nuclides with the same number of protons and a different number of neutrons, Isotopes are the same element 
with a different atomie mass, 

Isotopie carrier (also referred to as carrier): A stable isotope of the element concerned either present in or added to the radi- 
oactive preparation in the same Chemical form of the radionudide. 

Liquid scintillation counter (LSG): An instrument that detects scintillation llght from the absorption of radiation energy in a 
scintillatłon liquid. This instrument is used primarily for beta-emitting radionudides that do not also emit gamma photons. For 
best results, the radioacth/e sarnple must be able to be dissolved in the scintillation llquid. 

Minimum detectable activity: The smallest guantity of radioactiyjty that can be detected above the background with a 
specified level of confidence. 

National Metrology Instrtute (also known as NMI): A rrieasurement standards body that is a laboratory of metrology that 
establlshes standards for a country or organization. For example, the National Institute of Standards and Technology (NIST) is 
the NMf for the United States. 

No carrier added: A preparation where no stable isotopes of the same element as the radionudide being tesled are inten- 
tionaily added in the stated Chemical form or at the position of the radionudide in the mofecufe being tested. 

Nudide: An atom with a specific number of protons and neutrons in a given nuclear energy State, 

Positrons (ft ł ): Positively charged particles emitted from a nudeus during radioaelwe decay. Positrons are anti-electrons, 
Radioactivity: (1) The spontaneous transformation of nudei characterized by the emission of particles or photons. Radioac- 
tivity is typicafly described as atoms undergoing radioactive decay per unit time (or disintegratlons per unit time). (2) The 
quantity of radioactive materiał, as measured in units of curies (U.S. units) or becguerefs (SI units). The guantity of radioactive 
materiał may also be referred to as actmty, 

Radiochemicai identity: The moleeufar structure of the Intended active radioactive drug ingredient that is present in the ra- 
diopharmaceutical preparation, 

Radiochemicai purity: The ratio, expressed as a percęntage, of the radioactiwty of the intended active radiopharmaceutical 
ingredient to the tota! radioactivity of all radioactive ingred ents present in the radiopharmaceutical preparation. 

Radioisotope: A radioactive atom, generally used in the context of an isotope of an element. 
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Radionudide: An unstable nudide that undergoes radioactive decay; a radioactive nucleus. The terms radionudide and radh 
oisotope are commonly used interchangeably, 

Radionudidie identity: The intended radionudide in the radiopharmaceutical preparation, 

Radronudidk purity: The ratio, expressed as a percentage, of the radioactMty of the intended radionudide to the total radi¬ 
oactMty of aII radionudides in the radiopharmaceutical preparation, 

Radiopharmaceutical (radiopharmaceutical preparation/radioactive drug): A finished dosage form that contains a radioac- 
tive substance in assodation with one or morę other ingredients and that is intended to diagnose, stage a disease, monitor 
treatment, or provide therapy. A radiopharmaceutical indudes any nonradioactive reagent kit or radionudide generator that is 
intended to be used in the preparation of any such substance. The terms radiopharmaceutical and radfoactive drug are com¬ 
monly used interchangeably. 

Sdntiilation crystal counter: An instrument consisting of a crystai scintiliator, such as Nal(TI), with an attached photomulth 
plier tubę and associated etectronics. Sdntiilation light produced from the absorption of gamma and X-rays in the crystal is 
converted to efectrons and amplified in the photomultiplier tubę, The resultant current pulse may be further analyzed with 
regard to photon energy. A commonly used form of this instrument that has a hole in the crystal of sufficient size to allow 
placement of a test tubę or similar Container is known as a well counter, 

Semteonductor delector: An instrument consisting of a semiconductor materiał, such as Silicon or germaniom crystals, that 
detects ionizing radiation through generation of charge carriers (passage of electrons through holes). The current pulse pro- 
duced by migration of these charge carriers, under the influence of a voltage potential across the materiał, can be further am¬ 
plified and analyzed to determine the guantity and energy of the mcident radiation. 

Solidstate detector: A crystal-based detector, in contrast to a gas-based detector; often is used as a synonym for a sernicom 
doctor detector. 

Specific activity: The radioactMty of a radionudide per unit mass of the element or tompound, The unit of specific actMty is 
radioactMty per mass expressed on a gram or mole basis [e.g t> mCi/pg (MBq/pg); Ci/m mol (CBq/mmof)]. 

Strength: The radioactivity concentration of the radiopharmaceutical at the calibration Limę, The unit of strength is the 
amount of radioactMty on a volume basis (e.g*, mC/mL or MBq/ml). 

Total radioactMty: The radioactMty of the radionudide, expressed per unit (e.g., viai, capsule, ampule, generator, and oth- 
ers) at the calibration time. 

Validation: Establishment of documented evidence that a method, process, or system meets its intended requirements 
Yerification: Confirmation that an estabiished method, process, or system meets predetermined acceptance criteria. 

X-rays: A type of electromagnetic radiation emitted from the electron orbitals, AIthough they do not ansę from the nucleus, 
they are often present immediately after a decay event if there are interactions between the emitted radiation and the orbita! 
electrons, 
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GLOSSARY 


1, INTRODUCTtON 

Positron emission tomography (PET) drugs contain radionudides that undergo nuclear transformation, or radioactwe decay, 
predominantly by the emission of a positron. Positrons undergo annEhilation upon interaetion with efectrons to produce Lwo 
photons that are emitted in nearly opposite directions to each other. Each photon possesses an energy of 511 keV, which Mes 
in the gamma ray portfon of the eiectromagnetic spectrum. These radionudides are used in a wide rangę of PET imaging stud¬ 
ies, induding research, investigationat, and dinical applications. 

The radionudides used in PET imaging studies typically possess short physical half-lives (denoted as T w2 ). Some comrnon 
examples of PET radionudides and their assodated half-iives are induded in Tobie h Notę that Table 1 indudes radionudides 
currently in predominant use and is not intended to Ułustrate all positron-emitting radionudides used in PET. 


Table 1 


PET Radtonuclfde 

Half-Ufe, 

Fluorine-lfl 

109.8 min 

Carbon-11 

20.4 mEn 

Nitrogen-1 3 

10.0 min 

Oxygen-l 5 

2.0 min 

Copper-64 

12,7 h 

Gallium-68 

68 min 

Rubidium-82 

75 s 


Because certain of these radionudides such as Corbomll and Nitrogen-13 when found in biological systems have the same 
Chemical and physical properties as their stable counterparts found in biological systems, PET offers a unique platform for in 
vivo imaging studies of complex biochemical pathways. As a result, PET radionudides have found widespread use in cardiolo- 
gy, onoology, and neurofogy applications. PET drugs hąve a so attracted interest as potential tools to accelerate and reduce 
the cost of therapeutic drug discovery efforts. 
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Most PET radionudides are produced at the point of use by a particie accelerator (e,g., a cydotmn) or a radionudide gener¬ 
ator. A cydotron accelerates charged partides soch as protons or deuterons to velodties sufficient to induce a nuclear transfor- 
mation of the target nucleus into a different element. High-energy partides and/or radiation are emitted from the target nu- 
cleus during the transformation process. An example of a transformalion is the bombardment of stable Oxygen-18 nuclei with 
accelerated protons to produce Fluorine-18 nuclei along with the concomitant emission of a neutron. This process may be 
summarized according to the following shorthand notation: 

1B 0(p,n) lfi F 

The Chemical form and physical State of the bombarded nuclei vary, depending on the target and the subsequent usage of 
the PET radionudide, This allows the production of PET radionudides in gaseous, solid, and solution phases. 

Radionudide generators offer an al terna Uve method for point-ohuse access to some PET radionudides. A radionudide gener¬ 
ator contams an immobrltzed pa rent radionudide that undergoes radioactive decay to a daughter radionudide, which may be 
eluted from the generator. An example of a PET radionudide generator is the Germaniun>Ó8/Gallium-ó8 generator, The pa- 
rent Germanium-68 (T h7 - 271 days) is adsorbed onto the column packing materiał. The Germanium-68 undergoes radioac- 
tive decay by electron capture into Galku m-68, which is not adsorbed onto the cofumn packing materiał and may be eluted 
from the generator, 

Regardless of the production method, other radionudides may be present in addition to the desired PET radionudide. In the 
ca$e of cyclotron-produced PET radionudides, other radionudides may result from the bombardment of the target holder 
and/or other nuclei present in Lhe target materiał. For generator-produced PET radionudides, break-through of the parent ra¬ 
dionudide may occur. Safeguards are readily available to avoŚd unnecessary contamination with radionucltdk impurities of the 
finał PET drug. 

Once the PET radionudide has been produced, it should be processed into a suitabfe form of a PET drug. The simplest form 
of processing involves the purification and/or formulation of the PET radionudide, An example is the purification of the [ ,e F]ftu- 
oride ron. After production of the [ Łfi F]fluoride ion by cyclctron bombardment, ion exchange procedures may be used to re- 
move impurities and yield a formulation suitable for PET imaging studtes. Another example $5 the purification of gaseous 
[ l5 0]oxygen through various solid supports before administration of the finished PET drug by inhalation, 

Simple forms of processing are rare, because PET drug products are Lypicafly synthesrzed from the approprrate radionudide 
through multtple synthetic processing steps. The exacl process depends on the desired PET drug. The synthesis of 2-[ ltt F)fluo- 
ro-2-deoxyglucose (p a F]FDG) provides an illustration, The first step in this synthesis is the preparation of the anhydrous [ ,8 F]flu- 
oride ion from cyclotron-produced Fluorine-18. The [ ls F]fluoride ion is activated with a phase transfer catalyst such as telrae- 
thylammonium or [2,2,2]-cryptand to enhance its reactivity toward nucleophilic substitution. The resuttmg complex reacts 
with mannose triflate to yield a fluorinated lfl F intermediate, which is deprotected and purified to yield [ ia F]FDG. This process is 
summarized in the following set of eąuations: 


Cyctoifon w 

PufJJtd 1'^jriutiikłr ion 

I 

[ T *F ]fitici n» i uMil Im tatrtiectuij* 

I 

oudp r-nfDc 
Puitfied I^DC 


In addition to the Chemical processing and/or purification steps used to generate the desired radiochemical of interesy other 
steps are typically required to formulate the PET drug product. For injectable PET drug products, formulation steps may in- 
clude dilution, addition of a stabilizer, pH adjustment, and other steps. The finał formulation of the PET drug product should 
take place in a manner that minimizes the presence of bacterial endotoxtns and bioburden, Finally, the product should be 
slerilized (e.g,, by passage through a membranę sterilizing fifter) to provide a solution suitable for inlravenous administration. 

In the above examp!e, p e F]FDG becomes the drug product Fludeojtyglucose F 18 Injection , 

Sefore use, the finished PET drug product should be tested to ensure that the product meets suitable standards of identity, 
strength, quality, and purity. Because of Lhe short half-fife of PET radionudides, testing should be completed in a timeiy fash- 
ion; however, it is not possible to comptete certain guality control (QC) tests within a suitable timeframe. In some cases, it may 
be necessary to adopt a "sub-batch" approach for QC testing, wherein a sub-batch of the PET drug product is prepared solely 
for purposes of QC testing, Exampies of PET drug products with such short half-iives include p s O]water and [ ,3 NJammonia, 
Ultimately, the short half-lives of PET radionudides create unigue constraints for the production and testing of PET drug 
products and define how these products are used in research, investigational, and dintcal settings. PET drugs are a unique class 
of products defined by the following characteristics: 
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• The mass of the radioactive ingredient in a PET drug product usually ranges from nanogram to microgram ąuantities. This 
affects pharmacologicaf and Loxicalogical consideratrons for PET drugs, usually by creating farge safety nwgins due to 
Iow mass of the active ingredient in the administered dose. 

■ An entire batch of a PET drug product may be contained rn a single viaL Samples withdrawn for QC testing are represen- 
tative of the entire batch, PET drug products produced in this fashion undergo 100% QC testing. 

® PET drug products are produced and handled in envtronments with overlappmg areas of regulatory authority. For exam- 
ple, a site may be subject to reąuirements of any combination of the following authorities: Nudear Regulatory Commis- 
sion or Agreement State Agency, Food and Drug Administration, Environmental Protection Agency, octupational safety 
entfties, etc, These agencies may have different and conflkting reąuirements of Lhe manufacturlng fadlity, some through 
regulation, some through guidelines published by the authorities, and some through license commitments madę by the 
fadlity. 

• PET drug products are generally produced at or near their point of use in smalhscale facilides with limited personnei and 
resources, This reguires: 

* Allowance for multiple operations in one area with adeąuate Controls 

* Allowance for making and testing multiple PET drug products usrng shared eguipment with appropriate cleaning be- 
tween batches 

* Appropriate reąuirements for aseptic opera tions 

* Appropriate requirements for system suitability and other day-of-use activities 

* Appropriate QC reąuirements for components, materials, and supplies 

* Sen-Wrif kation of significant steps in radionudide production, PET drug production, compotinding, and testing 

■ Single-person oversighl of production or compounding, testing, review of batch reeords, and release authorization 

• PET drug products do not enter a traditional distribution chain. Instead, PET drug products reąuire just-in-time de!iveries 
typically performed by dedicaled carriers with experience in handlfng radioactive materials. 

• It is not possible to complete stenlity testing for PET drug products before their use, Therefore, considerations are madę to 
provide for the assurance of stenlity for injectable PET drugs intended for human use. 

• Procedures should be in place to notify the responsibte mdividuals in a timeiy manner if a PET drug product is found to be 
in noncompliance after release for human use. 

2. TECHNIQUES FOR PRODUCTION AND QUALITY CONTRO! 

The unique characteristics of PET drug products play a large role in the choice of instrumentation and techtiląues used in 
production and QC testing, Production techniąues and analytical methods should be efficient and rap id, The selection of iech- 
niques and methods is also strongly influenced by the deveiopment stage of the PET drug. For example, early development 
efforts focus on radiolabeling, purification, QC methods development, and others. These efforts are designed to support the 
usage of the PET drug for in vitro studies, animal studies, and may even rnclude first-in-human studies. At this stage, relatively 
smali quantitie$ of the PET drug are reąuired at a limited number of institutions or geographic areas. Manuał production tech- 
nigues or semhautomated equipment may provide sufficient ąuantities to meet this demand. Analytical methods should also 
be suitable for the usage of the PET drug at the early stages of development. Typically, method devefoprnent efforts focus on 
accuracy, precision, and linearity. Before the use of injectable PET drugs in human studies, provisions are madę to ensure that 
bacterial endotoxins are controlled at suitable levels and that the product is stenie 

In later devefopment stages, iarger ąuantities of the PET drug may be reąuired in morę geographic areas. At this point, the 
synthesis, purification, and testing of the PET drug product should be well defined to support clinical trials. Development eh 
forts at this stage typically focus on optimization and reliabifity of the production process. Manuał production techniąues are 
rarely used. Instead, semhautomated or fully automated tecnniques are typically reąuired to provide sufficient ąuantities of the 
PET drug at multiple geographic locations. This approach simultaneously assures consistent quality attributes of the PET drug 
at multiple production facilities and minimizes radiation exposure of operators. Method development actiylttes at this stage 
focus on spedfidty, ruggedness, robustness, and other characteristics reąuired to support QC testing of the PET drug at multi¬ 
ple geographic locations, 

Finally, at the tommercial stage of production, sem i-automated or fully automated techniąues and equipment may be re¬ 
ąuired to provide sufficient ąuantities of the PET drug in numerous geographic areas. Production techniąues and analytical 
methods for commerdał PET drug products should be well defined and adeąuately described in the appropriate marketing 
authorization. 

Not all PET drugs are intended to advance through the various development stages from in vitro studies, to animal studies, 
to clinical trials, to commercial production. For example, a PET drug product may be produced at several institutions for re- 
search purposes without the intention of cornmerdalization. In other instances, a PET drug product may be Food and Drug 
Administration (EDA) approved but is only avai!able in a single geographic area, These factors often result in different strategies 
for production techniąues, analytical methodologies, and the underlying studies and documentation to support these strat¬ 
egies. 
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3. QUALITY ASSURANCE 

The goal of quaHty assurance (QA) is to ensure that the Eechniques and eąuipment used in production and testing result In a 
product that meets established standardu for that spedfic PET drug product. The QA program should be sufficient to establfsh 
the reliability and suitability of the techniąues and equipment as appropriate to the development stage of the PET drug prod- 
uct The followmg topics should be considered in a QA program. 

3.1 Reagents and Materials 

Reagents and materiais used in the synthesis and testing of a PET drug product should eonform to established acceptance 
criteria. Procedures for procuring, receiving, testing, storage, and use of reagents and materiais should also be considered. An 
audit trail may be established for the traceability of specific lots of reagents and materiais to speciffc batcbes of product. These 
acceptance criteria, procedures, and the audit trail should be appropriate for the development stage of the PET drug product. 

3,2 Change Contro! 

Changes in the synthesis and test methods should be eva!uated for their potential for altering the product guality and be 
approved in advance through established procedures, ff the resultant PET drug product does not meet the criteria appropriate 
to the development stage, the process change is unacceptable, Acceptable changes should be appropriately documented, 

33 Validation 

Production and anaiytical test methods should be validated at a level that is appropriate for the development stage of the 
PET drug product. Validation of the production process should result in a process that is reliable and consistent. Anaiytical 
method validation demonstrates that a method can quantitatively measure a PET drug product reliably and reproducibly. It is 
not necessary to vaiidate anaiytical methods that are described in USP compendta. The emphasis on validation typically increa- 
ses as the PET drug product moves through the development stages toward commercialization. Validation of the Computer 
software used to control automated production eąuipment should also be considered as appropriate. 

CJUALIRCATION 

Equipment used in the synthesis and testing of PET drug products should be qualified as appropriate for the development 
stage of the PET drug product. This may include qualification procedures (installation, operational, and performance), as well 
as procedures for periodic maintenance and equipment calibratiom For commercially available equipment, the eąuipment 
vendor may be abie to support ąualification reguirements 

STABILITY STU Dl ES 

Stability studies should be performed on PET drug products to establish suitable storage conditions and the expiration time 
and datę. Quality attributes such as radiochemical purity, appearance, pH, stabilizer, preservative effectiveness, and Chemical 
purity should be evaluated The frequency and extent of these studies should be appropriate for the devefopment stage of the 
PET drug product Significant process changes reąuire stability studies to be repeated. 

4. PRODUCTION 

43 Eąuipment for Manuał Synthesis 

Eąuipment intended for the manuał synthesis of PET drug products may be based on apparatus found in a typlcal chemlstry 
laboratory such as glass reaction vessels, heating blocks, tubing, and other items. These items should be suitable for their in¬ 
tended use and selected according to the needs of the process. Items that are reused and come into contact with the reactants 
and/or finał drug product of the synthesis should be cleaned and depyrogenated as appropriate for the use of the finał prod- 
ucL 

Written procedures for the manuał syntheses of PET drug products should contain sufficienUy detailed steps to ensure that a 
reprodudble process is followed for each batch by the operator. Observations of critieal process parameters should be docu- 
mented as appropriate m the batch record. 

4,2 Equipment for Automated Synthesis 

Preparation of Fludeoxyglucose F 18 Injection and other common PET drug products can be adapted readily to automated 
synthesis. The use of programmable controlters and/or computers with switches, solenoids, and sensors aflows the operator to 
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eon troi the sequence of steps in an automated fashion, Thus, an automated synthesis requires minima! operator intervention, 
and batch-to-batch consistency is maintained wlth each step executed in a reproducible manner. Software may providefeed- 
back to the operator such as alarm eonditions, status reports, or an end-of-synthesis report. Modules for automated synthesis 
may be commercially available. These modules may use individual reagents or cassettes required for the appropriate PET drug 
product synthesis. The cassettes provide preassembled colleetions of reagents, reaction vessels, tubing, filters, and other items 
necessary to produce a batch of a PET drug product. 

Laboratory robots may be appropriate in situations where complex manipufations are required for the procedurę, such as 
the physical movement of a reaction vessel from one station to another, or the dispensing of doses from a vial into indMdual 
syringes. Customized equipment may also be fabneated to perform a spedfic function in the PET drug product synthesis. 

5. aUALITY CONTROL 

QC tests should be designed and executed in a manner that rs appropriate for PET drugs. The short halMife of PET radionu- 
clides significantly limits the timeframe for the performance of QC tests, and it may not be possible lo complete aII QC tests 
before the use of the PET drug product. 


5.1 Quality Control Sampling 

In most cases, the entire batch of a PET drug is contained within a single via(. The relatively smali batch volume of PET drugs 
limits the amount of materiał available for QC testing. This is different from traditional manufacturing practices, where a batch 
may consist of numerous vials and not all vials are sampled for purposes of QC testing. QC sampling of PET drug products use 
a Jarger proportion of the drug volume, and thereby offers a greater degree of assurance that guafity-related problems wili be 
identified in the QC testing process. 

5.2 Reference Standards 

Reference standards are necessary Lo identify the AP1 and impurities in the PET drug product Reference standards may be 
commerdally availab!e or prepared in-house. Commercial reference standards should include documentation from the supplier 
to ensure they are properly characterized. The characterization and quafifkation of reference standards should be appropriate 
for the development stage of the PET drug product 

53 Conditional Release 

When a reąuired QC test for a PET drug product cannot be completed because of a malfunction of test equipment, it may 
be appropriate to conditionally release the batch. It is not appropriate in the absence of crittcaJ QC tests to conditionally re- 
lease batches (e.g., radiochemical identity and purity). Procedures should be deveioped to describe the conditional release 
process, including the role of historiea! data, other QC test results, sam ple retention, and other procedures, 

5.4 Out-of-Spedfication Results 

When the results of a QC test do not meet product specifications, an mvestigation should be conducted to determine if the 
result is due to an analytical error (false positive) or if the resuit ts due to a product failure. Because of the short half-life of PET 
radionuclides, it may not be possible to conduct investigations in the same manner as in traditional drug testing Laboratories. 

6. ANALYTICAL METHODOLOGIES 

Various analytical methodologies and chromatographic techniques may be used for the testing of PET drug products. The 
most commonly used methodologies are diseussed in this section for purposes of illustration. Similar principles should apply to 
other methodologies not induded in this section. 

6.1 Thin-Layer Chromatography 

Thin-layer chromatography (TLC) involves separation, identifitation, and quantif kation of analytes using a stationary phase 
on a support or piąte and a developlng solvent that may also be known as mobile phase. The stationary phase may be sifica or 
alumina spread in a uniform layer onto a piąte of glass, metal, or plastic. A smali sample of the PET drug product is applied 
(spotted) onto the stationary phase, and the piąte is deveIoped in a chromatographic tank. The mobile phase moves through 
the stationary phase by capillary action, and the analytes are separated based on partiiion, ion exchange, and/or adsorption. 
The retardation factor (R { ) and radiochemical purity of the PET drug on the developed piąte can be determined by either 
counting the deyeloped piąte on a radio-TLC scanner, dr cutting the piąte into pieces and counting each piece in a radiation 
detector. The R f of an analyte, under spedfic TLC conditions, is constdered an identifying characteristic of the analyte 
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6.2 Gas Chromatography 

Gas chromatography (CC) Involves separation, Identification, and guantification of volatile analytes using a stationary phase 
and a gaseous mobile phase, A smali sample of the solutton is inlroduced into the CC instrument, which vaporizes the sample 
for passage over the stationary phase thal is immobillzed within a GC column. As the gaseous mobile phase passes over the 
stationary phase, the analytes are separated based on their partition between the gas and stationary phases, A detector focated 
at the exit of the column prowdes an electromc signat to produce the gas chromatogram. 

A CC instrument conslsts of a gas source, injection port, column, detector, and a data collection device, The injection port, 
column, and detector are temperatura controlfed and may be varied as part of the anaiysis, The gas source depends on the 
column and detector in use. The Lype of detector depends on the naturę of the compounds anafyzed, Typical detectors in- 
clude flame ionization and thermaf conductivity. In addition, radiation detectors may be used in GC analysis* Detector output 
is recorded over time, and the instrument response, measured as peak area or peak height, is a function of the amount 
present. The retention trme of an analyte under specific CC condrtions is considered an identrfying characteristie. GC analysis is 
most typically used to guantify residua! solvents in PET drug products but may afso be used to determine radiochemical and 
Chemical purity of the PET drug producl formulation. 

63 High-Perforrnance Liquid Chromatography 

High-perfomnance liguid chromatography (HPLC) is an analytical technrque used to separate, identify, and guantify the 
components of a solution. HPLC separations are based on the interaction of the analytes between the stationary and mobile 
phases, which in turo leads to the retention of the analytes, The mechanism of interaction between the analytes and stationary 
phase may be partition, size exclusion, adsorption, and/or ion exchange chromatography. The retention time of an analyte 
under specific HPLC conditions is considered an identifying characteristie 

HPLC instruments consist of a reservoir contaming the mobife phase, a pump to force the mobile phase through the system 
at high pressure, an injector to introduce the sample into the mobile phase, a chromatographic column, a detector, and a data 
collection device. The type of detector used depends on the naturę of the compounds analy zed, In addition to mass detectors 
such as refractive index, ultraviolet, and conductMty, radiation detectors are also used in HPLC analysis, An HPLC system with 
a radiation and mass detector allows the simultaneous determination of radiochemical and Chemical purity, retention time, 
and the subsequent identity of the PET drug product. This configuration also allows the determination of specific activity, Elu- 
tion methods include gradient or isocratic methods with agueous and/or organie buffers. 

The caiibration of a GC or HPLC instrument may be achieved by drfferent means. One approach invofves the creation of a 
calibration curve from a rangę of standards with known concentrations. The caiibration curve may be used over a specified 
period of time for product testing, A second approach for calibration involves the creation of a single-point calibration at the 
beginning of each testing cycle. The results may be averaged and used to provide a calibration factor for product testing, Re- 
gardless of the approach for calibration, the tailing factor and chromatographic resolution (or column effrciency as appropri- 
ate) should be determined routinely as a part of system suitability, Routine system suitability testing should include checks for 
Lhese parameters. 


6A Radiation Detectors Used in Chromatographic Technigues 

Radiation detectors used in TLC, CC, and HPLC for quactitative measurements should be calibrated when possible with suit- 
able NMI-traceable radionuclide standards at appropriate frequency. Routine system suitability testing should be performed on 
the radiation detection system to ensure proper operation. Secause of the naturę of TLC, system suitability for a radro-TLC 
scanner should address uniformky, positional accuracy, detector linearity, and resolution, The calibration of radiation detectors 
should be repeated as appropriate. 


6.5 Multichannel Analyzer 

A multichannel analyzer (MCA) is an instrument used toobtain a spectrum of gamma rays emitted by a PET radionuclide, 
The key component of a MCA is an energy-sensitive detector. On the basis of the gamma spectrum of a sample, radionuclides 
present In the sample may be identified and guantified. Calibration of the system is typically performed with certified stand¬ 
ards and may involve one or morę radionuclides with gamma energies and guantities thal span the rangę of typical analyses at 
appropriate frequency, 

6*6 Ionization Chamber 

An ionization chamber, often referred to as a dose calibrator, is an instrument used to measure the quantity of radioactMty 
in a PET drug product The key component of an ionization chamber is an argon-filled chamber with an applied electrical po- 
Lential that allows the detection of ions produced by the passage of gammą rays through the chamber. Calibration of the sys- 
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tern is typrcally performed with certifred standards at appropriate frequendes and may involve one or morę radionucfides with 
gamma energies and guantities that span the rangę of typical analyses, 

7. ąUALJTY ATTRIBUTES 

Quality attributes should be defined and assessed for each PET dryg. These attributes should be suitable for ihe intended use 
of the PET dryg and should also reflect the dosage Form. Because most PET drug products are administered by intravenous 
mjection, this section focuses on quafity attributes associated with injectable PET dryg products. Different attributes may be 
appropriate for other dosage forms. tn addition, the definiłion and assessment of guality attributes may vary with the develop- 
ment phase of the PET drug product In tomparison to the finał drug phase. 

7,1 Appearance 

injectable PET drug products should be free of visibfe particulate matter. Because of the radioactive naturę of PET drug prod¬ 
ucts, the test for appearance should be a visual inspection that meets radiation safety reguirements. The use of a visual stand¬ 
ard should be considered to ensure the accuracy of appearance determinations. 

7,2 pH 

Injectable PET drug products should be in the phi rangę suitable for intravenous administration. Because of the limited vol- 
ume of a PET drug product, pH measurement is typicaily performed using narrow-range paper strips. The use of pi l standards 
should be considered to ensure the accuracy of pH determinations. 

73 Total RadioactMty and Strength 

The total radioactivity of a PET drug product may be determined by an ionizarion chamber and should be stated at a given 
datę and time. From the total radioactMty and the vo!ume of the PET drug product, the strength may be determined. The 
strength of the PET drug product should be stated, along with the datę and time of the determination of total radioactivity. 

7A Radionudidic Identity 

Half-life (also referred to as approximate half-life) is a dwacteristic of the radionudide that may be used for its Identification, 
To adeguateSy confirm the identity of a PET radionudide, the half-life should be measured in a suitable counting device over a 
period of time appropriate to the half-life of the radionudide. 

7,5 Radionudidic Purity 

By definition, afl positron-emitting radionuclides emit 511 keV gamma rays but may also emit gamma rays with different 
energies. Therefore, it is generalfy not possible to determine the radionudidic purity of PET drug products with a MCA* One 
suitable solution to this problem is the use of validation studies to ensure the removal and/or decay of accelerator-produced 
radionudidic impurities during the production process* Other approaches may be appropriate depending on the characteris- 
tics and source of the radionudidic impurities, In addition, periodic analysis of decayed samples in rouline production with a 
MCA may be used to quantify radionudidic impurities developed, 

7.6 Radiochemical Identity and Purity 

Depending on the phystcal and Chemical properties of the PET drug product, the radiochemical identity and purity may be 
determined by TLC, HPLC, or GC The identity of the active pharmaceutfcal ingredient (API), and possibly other anafytes, 
should be based on the known retention time of the analyte. The simultaneous use of reference standards during sample anal- 
ysts should be considered for purposes of radiochemical identificatbn. The radiochemical purity of the PET drug product 
should be determined based on the sum of alf Chemical forms of the radionudide of interest. As appropriate, it should be es- 
tablished during validation that all radiochemical analytes are elutrng from the chromatographic system and that the radioac- 
tive detector is operat ing within its linear rangę, 

7 J Chemical Purity 

The Chemical purity of the PET drug product should be assessed for the presence of volatile impurities, residua! reagents 
and/or precursors, and by-produets. For example, residua! solvents, such as acetonttrile and ethyl alćohpl, may assessed by GC. 
[2.2*2]-Cryptand, a comnnon reagent used in the preparation of PET drug products, may be assessed by colorimetric techni- 
gues. 
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7.8 Total Mass of the Active Pharmaceutical Ingredient and Spedfic Activity 

Potential toxicity issues and pharmacological effects may be associated with the AP! in a PET drug product (e.g., the mass- 
dependent localization of neurotransmitters or other morę generalized forms of toxrcity). In these instances, the total mass of 
the AP1 should be determined before use of the PET drug product The total mass of the API contained m a patent dose should 
be defined for PET drug products where mass-reiated localization or toxidty concerns reguire such assessment, which may be 
determined by HPLC or GC. On the basis of the mass of the API, the spedfic actwity may be calculaled. To determine the 
appropriate quality of the injected drug product in the patient dose, any two of three measured parameters (total mass, total 
activity, or spedfic activity) are sufficient, Spedfic activity should be stated along with the datę and time of determination. 

7,9 Bacterial Endotoxin 

The quantity of bacterial endotoxin in an injectable PET drug product should compfy with USP standards (<175 USP Endo- 
toxin Units/patient dose). The test for bacterial endotoxin uses a solution of limulus amebocyte iysate (LAL). Yarious methods 
exist for this test, including gel-clot, chromogenie, and others. Test samples should be obtained and handled in a manner that 
minimizes contamination before testing. In addition, contro! measures should be used to ensure accurate test results wilhout 
interferences from the test solution, such as certain formuiations that enhance or inhibit the interaction of LAL with bacterial 
endotoxin. This effect may be corrected by dilution of the PET drug product before testing. The necesstty of dilution in this test 
is determined In the validation of the specific formulation of the PET drug product 

7,10 Sterility 

Injectable PET drug products should be stenie. For reasons described in 1 . Introduction , it ts not possible to complete the 
sterility test before the use of PET drug products. The test for sterility should consist of inoculating a test sampSe into media 
capable of supporting the growth of aerobic and anaerobic microbes, which may be established with an appropriate certificate 
of analysis. The test samples should be obtained and handled in a manner that minimizes contamination before testing. To 
reduce radiation exposure to opera tors, the test sam ples may be alfowed to decay before inoculation, The inoeufation should 
use technigues that mmimize the potential for fafse positives during the sterility test. In addition, contro! measures should be 
used to ensure accurate test results wiLhout interferences from the test solution. After inoeufation, the sterility test samples 
should be incubaled for the appropriate period of time at the prescribed temperaturę, If visible growth is detected during the 
ineubation period, the investigator or physician should be tnformed tn a timely manner, and an investigatian should be initi- 
ated to determine whether the growth was due to accidental contamination during the sample handling process or to a true 
product failure. The investigation should include Identification of the microbe(s) tn the sterility test sample to determine the 
source of the contamination. This aspect of the tnyestigation may be limited if production and sterility test sampltng occur in 
the same laboratory. 


8. STERILITY ASSURANCE 

A suitable sterility assurance program should be established for PET drug products that are intended for intravenous injec- 
tion. This section describes appropriate measures that assure the routine production of a stenie product suitable for injectron. 

8,1 Sterile Membranę FiltratSon 

Injectable PET drug products are typically sterilized by passage of the solutfon through a sterile membranę filter into a pre- 
sterilized vial. To provtde the greatest assurance of sterility, the PET drug product should pass through an appropriate steriliz- 
ing ftlter Into a presterilized vial that has been assembled using aseptic technigues. 

8,2 Aseptic Techniques 

CriticaJ steps that affect the sterility of the PET drug product should be identified and, where appropriate, aseptic technigues 
should be used to complete these steps. Aseptic techniques should include the use of a suitable gowning, propen handling of 
components, environmental Controls, and others, Aseptic technigues should be described in written procedures. 

8.3 Presterilized Components 

PET drug production typically employs various components and containers that are presterilized and pyrogen free. Appropri¬ 
ate sterile components are generally assembled aseptically in a controlled environment before use in production. Presterilized 
vials and sterile diluents such as sterile water for injection or sodium chloride solution are typically used. Other sterile compo¬ 
nents are sometimes utilized In nonsterile applications In production where a commercially available product may be useful. 
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An example is use of a stenie transfer linę for fluid transfer prior to a sterilizing filter, where the diameler or length of a tom- 
mercially avatlable sterile linę is appropriate to the applicat on. 

8*4 Enyironmental Controls 

The environment where aseplic techniques are executed should be contralled to ensure appropriate aseptie conditions. 
These Controls may Include temperaturę and humidity, ventilabon and air filtratron, deaning and disinfection, equipment 
maintenance, proper garb, and microbiological monitoring. Air filtration standard* should conform to focaf and/or national 
standard* relevant to enyironmental standardy for example, International Organization for Standardization (ISO) standard*. 

8*5 Media Fills 

A media fili, also known as a "proces* simulation", is the performance of an aseplic procedurę usfng a sterile microbiological 
growth medium in place of the PET drug product. The goal of a media fili is to test whether the aseptie procedurę is adeguale 
to prevent microbiological cpntaminatlon during the actuai process. Media fills may be used to evaluate aseptie techniques 
used in the assembly of presterilized components and to quaJify operators for aseptie techniąues. A media fili should be de- 
signed to ensure that the simulation is representative of the aseptie manipulations performed during the actuai process, indud- 
ing personnet components, gowning, focations, batch size. number of replicates, and other factors. After completing the me¬ 
dia fili, components fitled with media should be ineubated appropriatefy to permit the growth of mferobes. The use of nega- 
tive Controls should be considered during the media fili procedurę. 

8.6 Suitability of Media 

Sterility test media should be tested before use to ensure that the media adeąuately support the growth of microbes. These 
tests are typicalfy referred to as growth-promotron tests and may be conducted in-house, by the supplier, or by a contract 
laboratory. Media should be used within ihe manufactureris expiration datę, 

8.7 Suitability of the Sterility Test Method 

The sterility test should be lested to ensure that the PET drug product is not bacteriostatic or fungislatic* The suitability of 
the sterility test may be conducted In-housę or by a contract laboratory. 

8*8 Membranę Filter Integrity Test 

To ensure the proper sterilization of the PET drug product by passage through a membranę sterilization filter, the bubble 
point of the filter should be determined after completing the filtration process* The bubble point of the filter, measured in 
pounds per square inch (psi), is the pressure required to forte air through the pores of the wetted membranę in the device. 
Other suitably yalidated procedures may be used. 

8*9 Operator Training and Qualification 

Operator* involved in aseptie techniques should be trained in proper gowning, enyironmental Controls, handling sterile 
components, and other technigues. Operators should be quaiified through successful completion of media fills. Media fflJs 
should be periodically repeated to ensure ongoing competency of the technique. 

9. LABELING 

The labeling associated with PET drug products may evolve as the drug progresses through the various development stages. 
For example, the labeling for PET drug products used for in ytlroand animal studies may be very simple and designed to avoid 
mix-ups in the routine use of the PET drug product. In later development stages, the labeling may include Information re- 
quired for the tnyestigational use of the PET drug product in hurnans. Finally, at the commercial stage of production, the label¬ 
ing should include ingredients, warnings, approved indications, and other element* required by the appropriate regulatory 
agencies (e.g., FDA, Nuclear Regulatory Commission, and others). 

GLOSSARY 

The following definitions apply to words and phrases as they are used in this chapter: 

Accuracy: The closeness of test results oblained by that method to the true value estabiished across the rangę of the meth¬ 
od. 
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Active pharmaceuUcal ingredient (APf): A radioactive substance that exhibits spontaneous disintegration of unstable nuclei 
by the emission of positrons and is tncorporated into a PET drug product to furnish a direct effect in the diagnosis or monitor¬ 
ing of a disease or a manifestation of a disease in humans, or monitoring treatment of disease or therapeutic procedures (e*g., 
tumor therapy), Both radioactive and nonradioactive forms of the PET drug are inciuded in the API* 

Batch: A guantity of PET drug product that ts intended to have uniform character and ąualiiy, within spedfied limits, and 
that is madę in a single, defined operationa! cycle, 

Chemicaf purity: The purity of a PET drug product based on the nonradioactive components of the formulation, for exam- 
ple, residua! solvents and/or vofatile impurities, reagents, and or precursors used in the synthesis and purification, stabrlizers, 
excipients, or by-products produced in the synthesis* 

Compounding: The process of synthesis or formulation of a PET drug for use under the practice of pharmacy and medicine* 

Conditional finał release: A finał release for patient administration before completion of a required test because of a break- 
down of analytical eguipment. 

Limit of deteetion: The lowest amount of analyte in a sam ple that can be detected but not necessarily guantified under the 
stated method conditions* 

Linearity: The ability to elicit test results that are, directly or by a well-defined mathematical transformation, proportional to 
the concentration of analyte in sampłes within a given rangę. 

Lot: A quantity of malerials (e.g*, reagents, solvents, gases, purification columns, and other auxiliary materia Is) that have 
uniform character and guality within spedfied limits and are used to make a PET drug product. 

Lower limit of guantlfication: The lowest amount of an analyte in a sample that can be determined with acceptable preci- 
sion and accuracy under the stated method conditions. 

National Metrology Institute (NMI): A measurement standards body that is a laboratory of metrofogy that establishes 
standards for a country or organization. The National Institute of Standards and Technofogy (N(ST) is the NMf for the United 
States* 

PET drug: A radioactive substance (active pharmaceutical ingredient) that exhibits spontaneous disintegration of unstable 
nuclei by the emission of positrons and is incorporated into a PET drug product to furnish direct effect in the diagnosis or 
monitoring of a disease or a manifestation of a disease in humans, or monitoring treatment of disease or therapeutic proce¬ 
dures (e.g*, tumor therapy)* 

PET drug product: A finished dosage form that contains a PET drug, whether or not m association with one or morę other 
ingredients. 

Precision (as repeatability): The degree of agreement among indmdual test results when the method is applied repeatedly 
to multiple sampłings of a homogenous sample within a lab over a short period of Limę using the same analyst with the same 
equipment. 

Quafity assurance (QA): A planned and systematic program to ensure that a PET drug product possesses the quaiity re- 
quired for its intended purpose, 

Quality contro! (QC): A system for testing the quality of components, matehats, supplies, and PET drug products by proce¬ 
dures, tests, analytical methods, and acceptance criteria. 

Radiochemical identity: The moletular structure of the intended active radiopharmaceutical ingredient that is present in 
the radiopharmaceutical preparation. 

Radiochemical purity: The ratio, expressed as a percentage, of the radioactiv«ty of the intended active radiopharmaceutical 
ingredient to the total radioactivity of all radioactive ingredients present in the radiopharmaceutical preparation. 

Radionudidic identity: The intended radionudide in the radiopharmaceutical preparation. 

Radionudidic purity: The ratio, expressed as a percentage, of the radioactivity of the intended radionudide to the total ra- 
dioactivity of all radionudides in the radiopharmaceutical preparation* 

Rangę: The interval between the upper and lower levels of a guality attribute that can be determined with a suitable level of 
precision and accuracy* 

Reagents and materials; A reagent is a Chemical used in the synthesis and/or testing of a PET drug, whereas a materiał is an 
ancillary object, such as tu bing, glassware, via!s, and others* 

Retardation factor (TLC): The ratio of the distance the analyte moved from the origin linę divided by the distance the sol- 
vent moved from the origin linę denoted by the variable R. 

Retention time (HPLC or CC): The time required, after ihe injection, for the analyte to move through the column and reach 
the deteetor* 

Robustness: The measure of the capacity of an analytical method to remain unaffected by smal! variations in method pa- 
rameters. 

Ruggedness (as reprodudbility): The degree of reprodudbility of test results obtained by the analysis of the same sam pies 
under a variety of conditions, such as different labs, different analysts, different Instruments, different lots of reagents, different 
assays, and different days. 

Specific activity: The radioactivity of a radionuclide per unit mass of the element or compound. The unit of specific activity 
is the amount of radioactMty on a mass basis [e.g v mCi/pg (MBq/pg) or Ci/mmol (GBq/mmol)]* 

Specificity: The abllity to assess unequlvocally the analyte in the presence of components that may be expected to be 
present such as impurities, degradation products, and’matrix components, 
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Strength: The radioactivity concentration of the active pharmaceutical ingredient in a PET drug producl at a given datę and 
time. The unit of strength is the amount of radioactivity on a volume basis [e.g., mCi/mL (MBq/mL)]. 

Sub-batch: A guantity of PET drug product having uniform character and gualtty, within specified limits, that is produced 
during one succession of multiple irradiatrons using a gtven synthesis or purification operation, A group of sub-batches collec- 
tively forms a batch that is intended to have uniform character and guality, within specified limits. Sub-batches rrtay be re- 
guired for PET drug products with very short-ltved radionudides (e.g*, n N and T5 0), because QC tests cannot be completed 
before use. 

System suitability: Reguirements used to verrfy that the system performs according to established criteria. 

Tarling factor (symmetry factor): A measure indicattng the non-ideality of a chromatographic peak resulting from the distri- 
bution and the migration of the analyte through the chromatographic colurnn. 

Valrdation: Establishment of documented evidence that a method, process, or system meets its intended reguirements. 

Verifkation: Confirmation that an established method, procesy or system meets predetermined acceptance critena.^^ 


(1852) ATOMIC ABSORPTION SPECTROSCOPY—THEORY AND 

PRACTICE 


THEORY 

The instrumental technique of atomie absorption spectrometry (AAS; see Appendix for a list of acronyms in this chapfer) uses 
the Beer-Lambert Law (Beer's Law), which relates the concentration of an analyte in a sample to the sam ple's absorption of 
electromagnetic radlation. Beer's Law States that the optical absorbance of a chromophore in a transparent solvent is iinearly 
proportlonal to the chromophore^ concentration and also to the sample celi path fengtb. Beer's Law is appiicable only if the 
spectra] bandwidth of the light is narrow compared to the spectra! linę widths in the spectrum and is expressed as follows: 

A = e bc 

A = absorbance 

e = molar absorptivity [L/(mol - cm)] 
b - path fength of the sample cel! (cm) 
c- concentration (mol/L) 

In addition: 


A= log 1p (V^ - logi 0 (1/f) - log, 0 (10G/%7) - 2 - log 10 %T 

P 0 = intensity of light passing through a sample 
P- intensity of light leaving the sample 
T = transmittance 
%T - 1 00 x T 

AAS methods fali into two categories: flame (FAAS) and flameless. Flameless methods include graphite furnace AAS (CFAA5), 
also known as electrothermal vaporization AAS (ETVAAS), for ultra-trate analyses. Other flameless methods are cold vapor AAS 
(CVAA5), intended specifically for the analysis of mercury, and hydride generation AAS (HGAAS), intended specifically for the 
analysis of arsenie, bismuth, germanium, lead, antimony, selenium, tin, and tellurium. 

A basie AAS consists of a radiation source, a sample rntroduction device # a means to atomrze the sample, a monochromator 
or a polychromator, a detector, and some means of acquiring data (usually a Computer). Most Instruments also have some sort 
of background correction system, which wil! be discussed later in this chapter. 

In the case of FAAS, the flame through which the sample passes is considered to be the sample celi. In the case of electro¬ 
thermal vaporization (ETV), the graphite tubę into which the sample is deposited is considered to be the sample celi. In the 
case of CVAAS, a quartz absorption celi is mounted on top of the burner head, and the space above the burner In the optical 
path is considered to be the sample celL In the case of hydride generation, hydrides are swept into a heated celi. 

INSTRUMENT ATION 


Wavelenglh 

selector 




Figurę 1. Basic componentsof an atomie absorption spectrophotometer. 


General Chapters 








Ceneral Chapters 


2202 (1852) Atomie Absorption Spectroscopy / General Information 


USP 40 


Ali atomie absorption spectrophotometers sharefundamental components (Figurę 1 ), A wide variety of AAS is avai!able tom- 
merdally and is based on one of two deslgns: a single-beam or a double-beam light path. 

Figurę 2 illustrates the Ught path for a single-beam spectrophotometer, The dotted linę represents the modulated light signal 
from the external light source (fine source), and the solid linę represents the direct current signal from the atomizer, represen- 
ted by a flame. The ovals represent lenses. 

In this example, the beam from the linę source is electritaiły modulated, and an amplifier placed after the detector is tuned 
to this modulation freguency. The beam from the linę source becomes coded in this manner, The result is that the noise from 
the radfation emitted at all freguencies, except for the resonance freguency, is rejected, and the signal-to-noise ratio is im- 
proved. 

Single-beam spectrophotometers rely on a very stable linę source to mai n tam accuracy. It is also necessary to run a sępa ratę 
blank sofution in order to provide a correct 100% T adjustment. 



Figurę 2. Schematic of a single-beam atomie absorption spectrophotometer, Reproduced with permission of 

the Royal Society of Chemistry. 

Figurę 3 illustrates the light path for a double-beam spectrophotometer, The radiation beam from the linę source is divided 
by a mirrored chopper One half is directed through the atomizer (sample beam), and the other half is directed around it (ref- 
erence beam). Notę that the beam from the linę source is mechanrcally modulated by the chopper. The two beams are then 
recombined by a half-silvered mirror and are directed into a monochromator where the photons at the characteristic wave- 
length are measured by the detector, The ratio between the sample signal and the reference signal is ampiified and processed 
as the absorbance reading. Because the sample and reference beams are generated from a common linę source, are separated 
into their characteristic wavelengths by the same monochromator, and are processed by the same electronics, any variations in 
the radiation source, detector properties, or electronlcs are canceled out. In prindple, the stability of a double-beam spectro¬ 
photometer is superior to that of a single-beam spectrophotometer. 



Figurę 3, Schematic of a double-beam atomie absorption spectrophotometer. Reproduced with permission of 

the Royal Sodety of Chemistry. 

SAMPLE CELL DESIGNS 

Flame Atomie Absorption Spectrom et ry 

In FAAS, a liquid sample is asplrated into a flame via a nebulizer. Vla the nebulizer, the sample is converted to a mist that is 
composed of uniform dropiets that are easily introduced into the ffame. The flame desolvates and atomizes the sample provid- 
ing a source of neutral atoms or moleeufes for analysis in the spectrophotometer. 

Although other flame types have been documented, the most commonly used flame is an air-aeetylene flame. Because the 
temperaturę of the air-aoetylene flame ts not sufficient to destroy oxides that mlght form or are present, a nitrous oxide-acety- 
fene flame often is used, depending on the analyte and naturę of the sample. The air-acetylene flame burns within a tempera¬ 
tura rangę of 2125 a -2400 D , but the nitrous oxide-acetylene flame burns within a temperaturę rangę of 2650 a -2800°. 
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Flames can be optlmized for a particular analysis by either inereastng or decreasing the fuei to oxidant ratio, The fuef to oxh 
dant ratio can be adjusted to be either iean or rich—oxidiz3ng or redudng—depending on the analyte of interest. Most instru¬ 
ment manufacturers provide guidance regarding the type of flame to use for a specific element, and analysts should refer to 
the manuał provided by the instrument manufacturer for optimal flame conditions for a given analyte. 

Some AAS can also be used in the flame emissron modę* In flame emission, the atoms and moiecules achieve an excited 
electronic State foliowing thermal collisions within the flame, and upon their return to a lower or ground electronic State they 
emit light at characteristic wavelengths for each analyte. Aithough instrumentation may be capable of operation in the flame 
emission modę, Lhis will not be dtscussed further in this chapter, 

Efectrothermal Vaporization—Graphite Furnace Atomie Absorption Spectrometry 

In ETV or GFAAS, a liquid sam ple is deposited through a smali opening into a graphite tubę known as a mini-Massmann 
furnace, Inside the furnace, the sample is heated at inereasing tempera tu res until the solvent is evaporated, solid residue is 
ashed or pyrolyzed, and neutral atoms are atomized in their ground States. The atoms are then excited by absorption of radia- 
tion at characteristic wave!engths. Samples can be deposited either directly onto the wali of the graphite furnace or onto a 
smali graphite platform, known as a L'vov platform, which sits inside of the graphite furnace* With ETV, a series of beating 
steps is usually employed, inciuding drying, charring or ashfng, atomizing, and clean-out Other intermediate beating steps 
can be used, depending on the naturę of the sample. Throughout the heating process, the graphite furnace is purged with an 
inert gas, usually nłtrogen or argon. At the atomization step, the furnace is guickly heated to a high temperaturę (usually to 
incandescence). The purge gas flow is stopped temporarśly as a transient absorption signal produced by the atomized analyte 
is measured. As in FAAS, Beer's Law can be used to relate the concentration of the analyte and the absorption signal, 

Cold Vapor and Hydride Generation Atomie Absorption Spectrometry 

Cold vapor and hydride generation techniques are often used for the determination of mercury or for some hydride-forming 
elements such as tin, arsenie, selenium, antimony, and bismuth. 

In the case of mercury, a Chemical reduction generates atoms, and a stream of inert gas sweeps the cold vapor into a cold 
guartz celi in the optrcal path of the instrument, The technigue is very sensitive and has detection limits that rangę from parts 
per billion (ppb) to parts per trillion (ppt) depending on the sample and the iaboratory em/ironment. 

In the case of hydride-forming elements, a reaction with sodium borohydride and hydrochloric acid generates the hydride of 
the analyte of interest. The resulting gas is swept into an inert guartz celi that is posltioned on top of the burner. The celi can 
be extemally heated, or it can be heated by an air-acetylene flame. The heat of the flame breaks down the hydride and creates 
the elementa! form of the analyte. This is known as the direct-transfer modę of hydride generation, Commerdal drrect-transfer 
hydride generators are available in two config uratrons, continuous flow and flow injection. As with the cold vapor detection of 
mercury, hydride generation also can be very sensitive and has detection limits in the ppb or ppt rangę, 

LINĘ SOURCES 

An external light source {linę source) is used to emit spectra! lines corresponding to the energy reguired to eficit the elec¬ 
tronic transition from the ground State to an exdted State in the sample. The external light sources most commonly used are 
hollow cathode lamps (HCL) or continuum electrodeiess discharge lamps (EDL), Absorption of radiation from the external light 
source is proportional to the population of the analyte species in the ground State, which is proportional to the concentration 
of the analyte that is aspirated into the flame, thereby making it possible to use Beer’s Law to determine the concentration of 
an analyte in the sample. The absorption is measured by the difference in transmitted signai in the presence and absence of 
the analyte. 

A suitable linę source for AAS must: 

■ Produce lines of suffidently narrow bandwidths specific to a particular atomie absorption peak 

• Produce a beam of radiation of suffreient intensity to allow high signaf-to-noise absorption measurements 

• Produce a beam of radiation that is stable for extended pehods of time 

• Be easy to start and have a short warm-up time and an extended shelf Nfe, 

The gas contained within the HCL tubę is ionized when an electrical potential is applied across the electrodes. Gaseous cati- 
ons then acguire suffkient kinetic energy to dislodge some of the metal atoms from the anodę surface, a process known as 
sputtering. A portion of the resulting cloud of metal ions is excited, Upon re!axation to the ground State, the ions emit pho- 
tons at the characteristic wavelengths for that metal. HCLs are available in a variety of configurations and can be specific for a 
single element or multiple elements. 

For certain elements, EDLs produce much morę intense radiation beams than do HCLs. They are available for the analysis of 
antimony, arsenie, bismuth, cadmtum, cesiu m, german ium, lead, mercury, phosphorus, selenium, tellur! urn, Lhallium, tin, and 
zinc. They are similar to HCLs because they rely on the sputtering of a metal by accelerated ions, but they ionize the inert gas 
by means of an intense radto-fregueney field instead of hard-wired electrodes. 
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The requirement for an indmdual linę source for each meta) fimits AA to a single-element technique. Some modern systems 
allow multbefement anaiyses by automatk lamp switching or by positioning multiple lamps in an array. High-resolution con¬ 
tinuum source AAS combi nes a high-resolution Echelle monochromator with a Xenon short-arc lamp to obtain multi-element 
analytical capabillties (see Reference 1 for additional detalls), 

WAVELENCTH SEIECTORS 

Because atomie resonance lines are narrow, spectrometers are frequently equipped with monochromator gratings of moder- 
ate resolution, such as Ebert and Czemy-Turner monochromator systems. 

Although the appiication is not common, high-resolution Echelie polychromators have been used in AAS designed for simul- 
taneous measurements of multiple elements. Spectrophotometers of this type usually matę a high-resolution polychromator 
with either a Xenon arc continuum source or several individual linę sources. They typically are eguipped with a solid-state de- 
tector system. 


DETECTION SYSTEMS 

Detection Systems convert radiant energy, photons, tnto a concentration-proportionate electronic signal. This stgnal is ampli- 
fied and proeessed into an absorbance reading or a concentration, as illustrated in Figurę L Photomultiplier tubes (PMTs) are 
widefy used in AAS to convert photons passed through the monochromator tnto voitages. Some spectrophotometers are de¬ 
signed so that the applied PMT currents are under operator eon troi. As mentioned above, some modern AAS are equipped 
with solid-state detection Systems. There are two typ es: a charge-injection device or a charge-coupled device. Advantages and 
disadvantage$ of each design depend on specific applications. In some applications, a solid-state detector can produce a supe¬ 
rior signal-to-noise ratio, provide a flatter response across the UV/Vis spectrum, and/or have improved background correction 
capabilities when compared to a PMT. 

BACKGROUND OORRECTION 

Nonspecific absorption can compromise the accuracy of AAS measurements. This is particularly the case for ultra-trace anal- 
yses using GFAAS. The type of background correction used for GFMS can have a large impact on the success of the analysis, 
Three types of background correction destgns are avaiiabfe for modern MS: continuum source, Smith-Hieftje or variable giant 
pulse, and Zeeman effect 

Continuum Source 

A continuum source, freguentfy a deuterium lamp, is configured in the spectrophotometer optics so that radiation fram the 
continuum source and the linę source is alternately passed through the sample celi by a beam chopper (Figurę 4). The width of 
the continuum source bandpass is equal to the slit width. 
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Figurę 4, Schematic of an atomie absorption spectropnotometer with a continuum source background corrector. Repro- 

duced with permission of the Royal Society of Chemistry, 

The signal intensity from both sources can then be measured, and the ratio can be calculated. 

Figurę 5 displays the operation of a continuum-source background-correction system. Notę that before the anaiysis, the in- 
tensity of the deuterium lamp and the HCL are equaltzed at the ana3yte's resonance wavelength. Afso notę that the bandwidtb 
of the continuum source is equal to the width of the monochromator's exit slit, usually 0,2-0.7 nm, compared to the width of 
the resonance linę of approximately 0.002 nm. If a solution containing the analyte of interest is introduced, the signals from 
both sources are attenuated because of atomie absorption (Figurę 5, Panels A and B). If a solution containing the analyte of 
interes! plus components that lead to nonspecific broad-band absorbance is introduced, the intensity of atomie absorption of 
the łine source (HCL) is correctly subtracted from the intensity of the continuum source (Figurę 5, Panels C and D). 



Figurę 5. Panels A and B: atomie absorption only. Panels C and D: atomie absorption with background absorption, 
Reproduced with permission of the Royal Society of Chemistry, 


Aithough continuum-source background correction is a useful design, it has some limitations. Basically, the introduction of 
an additional lamp and chopper causes a degradation of the overall signal-to-noise ratio of measurements. In addition, if the 
linę source and the continuum source are not in perfeet alignment, an erroneous correction will result when the individuai 
beams are passed through an inhomogeneous gaseous sampfe, as this frequently occurs in the sample celL This is particularly 
the case for highly structured backgrounds, The radiant intensity of the deuterium source in the visible region is too Iow to use 
for analytical wavelengths above 350 nm. Some instrument manufacturers equip their spectrophotometers with aiternative 
continuum sources, such as tungsten halogen lamps, to remedy this issue. 


Smith-Hieftje 

When htgh currents are applied to an HCL, the emission4ine profile is aJtered: the linę is broadened and a dip appears in the 
center because of seff-absorptton, Self-absorption occurs when the photons emitted by excited atoms are absorbed by gaseous 
ground-state atoms contained within the quartz tubę of the HCL. At currents used for norma! data aeguisition, the HCL is used 
to measure the sum absorbance of the element of interest and the nonspecific background. At high lamp currents, the meas¬ 
ured absorbance is predominantly caused by the background. The absorbance ca used by the element of interest is the differ- 
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ence between the intensities of analyte and nonspedfic background absorbances. Figurę 6 ii lustrates the Smith-Hleftje back¬ 
ground correction process. 



Figurę 6. Emtssion profile of an HCL at (A) Iow current and (B) high current Iow current absorbance is caused by back¬ 
ground pius analyte. High current is background absorbance only. Adapted from S.B, Smith, Jr. and G.M. Hieftje, Appf Spec- 

trosc, 1983, 37, 419. 

The advantages of Smith-Hieftje background correction are that the HCL serves as the single source for any analytical wave- 
length, obviating any alfgnment issues arising from alternative continuum source. This system allows correction of structured 
backgrounds very near the resonance wavelength. Disadvantages are that the lifetimes of the HCLs are notably shortened, 
Compared with continuum-source background correction, the Smith-Hieftje procedurę may resułt in a shorter dynamie rangę 
and/or may require higher sample dilutions to reduce background absorbances- 

Zeeman Effect 

The Zeeman effect background correction is based on the principle that in the presence of a magnetic field, the absorption 
linę of an element is Split into three optically polarized components, The n component is positioned at the center of the reso¬ 
nance linę. Positioned at equal distances on either side of the k component are the cn- and o- components. The ct compo¬ 
nents are llnearjy polarized perpendicular to the magnetic field. The distance of the separation of the cr+ and o- components 
from the k component increases as the magnetic field strength Increases. Commercial instruments use magnets with field 
strengths of approximate!y 1 Tesla, which corresponds to a a component separation of approximately 0.01 nm on each side of 
the ji component. 

Absorbance lines from different elements have normal or anomalous Zeeman pattems. Normal Zeeman pattems are com- 
posed of a single k component and two a components. A normal Zeeman pattern occurs for absorbance wavelengths that 
correspond to a singlet electron transition. An anomalous Zeeman pattern has further splitting of the jt and o components and 
occurs for wavdengths that correspond to morę complex electron transitions, 

Three basie designs are avallable for commercial AAS equipped with Zeeman background correction: transverse DC Zeeman 
AAS, transverse AC Zeeman AAS, and longitudlnal AC Zeeman AAS. 

TRANSVERSE DC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY 

Thls design uses a DC magnet positioned around the atomizer. The term transverse refers to the parallel alignment of the 
magnetic field with the optical axis, The Zeeman effect is permanently applied in this design. A rotating polarizer is positioned 
in the light path between the linę source and the atomizer, This splits the incident radiatlon from the linę source into the char- 
acteristic tt and u components. See Figurę 7 for a schematic of the config u ration and an illustration of the operation of DC 
Zeeman AAS. 
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Figurę 7. Confrguration and operatlon of a transverse DC Zeeman atomie absorption spectrophotometen Adapted from H, 

Koizumt and K> Yasuda, Spectrochsm Acta, 1976, 318, 523, 


TRANSVERSE AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY 


Thls design uses an AC magnet positioned around the atomizer. The magnetic field is In parallel alignment with the optlcal 
axis. The AC magnet is switched on and off at one-half the modulation fregueney of the ]ine source (50 or 60 Hz, typicafly), A 
flxed polarizer is positioned between the atomizer and the monochromator. See Figurę Sand Figurę 9 for illustrations of the 
operatlon of transverse AC Ze eman AA 5. 
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Figurę 8. Operational principie of a tranwerse AC Zeeman atomie absorption spectrophotometer. ©2011 PerkinElmer, fnc 

Alf rights reserved. Printed with permission. 
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Figurę 9. lllustration of transverse AC Zeeman atomie absorption spectrophotometer operation. ©2011 PerkinElmer, Inc* Ali 

rights reserved* Printed with permission. 


LONGITUDINAL AC ZEEMAN ATOM1C ABSORPTION SPECTROMETRY 

In this design, the magnetic field is in perpendicuiar alignment with the opticat axis, With this configuration the k compo¬ 
nent is absent and the o components are circutarły polarized, so a polarizer is not reguired, See Figurę 10 for comparison be- 
tween transverse and longitudinal AC Zeeman AAS, 
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Figurę 10. Compartson of transverse and longitudinal AC Zeeman atomie absorption spectrophotometen 
©2011 PerkinElmer, Inc Ali rtghts reserved. Pdnted with permission. 


Zeeman effecl background correction offers the advantage of background correction at the resonance wavelength and cor- 
rection of relatively high nonspecific absorbances. Compa r ed to continuum source background correction, Zeeman effect 
background correction can result in a reduction of the linear dynamie rangę in some applications and may reguire additlonal 
diiution of test Solutions. Depending on the specific analyte and appllcation, Zeeman effect background correction offers ad- 
vantages and disadvantages that must be considered for each applicatfon. 

ANALYTICAL CONSIDERATIONS 
Sample Preparation 

FAAS reguires the introduction of a liguid sample rnto the nebulizer. ETY/GFAAS is normalJy performed using ligutd samples, 
but anafyses can be performed using siurries and solid samples. Because the analysis of liquid slurrles is far morę common, the 
analysis of solid sampJes is not discussed in thls chapter. 

Samples can be prepared in a vanety of ways to dissofve or solublllze them. In some cases, direct diiution of a solid sample 
can be performed using deionized water, dilute aclds, or ergante soJvents. When a sample does not dissoh/e, however, some 
form of acid digestion is reguired. Acid digestion is also requlred if the sample is ftrst ashed. Options for actd digestion include 
hot-plate digestions, open-vessel microwave digestion, and dosedwesse! microwave digestion. Procedures for a ad digestion 
are specific for a given sample matrix and analyte. When using mitrowave digestion Systems, analysts should refer to the mi¬ 
trowa ve manufacturer's guidelines for use and programming of the instrument. 


Interferences 


AA5 is subject to several types of interferences, The most common are: 

* Spectral interferences; Spectral interferences can ansę when there Is an overlapping signal from another element that is a 
cornponent of the sample or sample matrix, 

* lonlzation of the analyte: Some elements such as sodium, potassium, calctum, and cesium are easily iontzed, and loniza- 
tion of the analyte reduces the analytical signal. 

■ Matrix effects: Interferences can arise from differences between sample, standard, and blank viscosities or can be intro- 
duced by surface ten sio n. 

* Spectral linę broadening; Spectral linę broadening can occur as a result of several factors, including seff-absorption, Lor¬ 
entz effect, Doppler effect, or quenching, 

* Compounds that do not dissodate in the flame, 

Matrix Modification, Releasing Agents, and lonization Suppressants 

To counteract potential interferences or to enhance their abifity to monitor an analyte, analysts sometimes use a matnx 
modifier, a reieasing agent, or an ionization suppressant. 

Matrix modlfrers are added to samples, standards, and bfanks with GFAAS with the chief goals of changing the naturę of the 
sample or analyte in the sample by: 

* Increasing the volatility of the sample matrix so that matrix components are removed durlng the ashlng or pyrolysis step 

* Reducing the volatility of the analyte, which helps to efiminate foss of the analyte durlng the ashing or pyrolysis step 

6 Reducing background absorption by elimlnating matrix components so that they do not interfere with the analyte signal 
during atomization. 
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It may be necessary to use morę than one matrix modifier during an analysis. Commonfy used matrix modifiers include 
magnesium nitrate, nickel nitrate, palladium, and tanthanum, Manufacturers of graphite fumace instrumentation provide de- 
tailed Information regarding the use of matrix modifiers, and analysts should consult that Information when they perform an 
analysis. In some instances, GFAAS analyses require applying the method of standard additions in order to overeome matrix 
induced result biases. Many modern GFAAS Systems are equ!pped with autosamplers that automatically spike sample Solutions 
at multiple ievels spedfied by the analyst, perform the Irnear regression, and report Ehe finał concentratton result based upon 
the intercept 

Releasing agents and ionization suppressants are used in FAAS to eiimlnate certain potential interferences. Releasing agents 
are added in excess to samples, standards, and blanks to prevent the formation of refractory compounds by combining with a 
potential interferent. Ionization suppressants are added in excess to samples, standards, and blanks to help contro! ionization 
of the anafyte. By adding an ionization suppressant that has an ionization potential lower than that of the analyte, analysts 
create an excess of electrons in the flame, and the ionization of the anafyte is suppressed. Commonfy used releasing agents 
include lantbanum and strontium. Commonly used ionization suppressants include sodium, potassium, cesium, and lantha- 
num, Manufacturers of flame atomie absorption (AA) instrumentation provide detailed Information regarding the use of releas¬ 
ing agents and ionization suppressants, and analysts should consult that information when performing an analysis. 

Because of the separation of the anafyte from the matnx in cold-vapor and hydride-generation AA, spectra! interferences are 
notably reduced when compared to the other AA methods. Nonselective background interferences can occur, however, when 
a sufficient amount of an absorbing species is transported to the celi, Typically this occurs when an excess of another hydride- 
forming species is introduced from the sample matrix or in the case of hydride formation when nonaqueous media are used. 
Transport interferences take place during transport of a hydride from the sample solution to the sampie celL This either causes 
a delay in hydride formation, known as transport kinetics interference, or loss of the hydride altogether, known as transport 
efficiency interference, Volatile compounds transported to the celi with the hydride can also interfere nonse!ectively. These in¬ 
terferences can be remedied either by using the method of standard additions or by further diluting the sample. 

APPENDIX 
Acronyms 

A: absorption 

AA: atomie absorption 

AAS: atomie absorption spectrometry 

CVAAS: cold vapor AAS 

EDI: efectrodeless discharge lamp 

ETV: electrothermaf vaporization 

FAAS: flame AAS 

GFAAS: graphite furnace AAS 

HCL: hollow cathode famp 

HGAAS: hydride generation AAS 

FMT: photomultiplier tubę 

T: transmittance 
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<1853} FLUORESCENCE SPECTROSCOPY—THEORY AND PRACTICE 

THEORY 

Fluorescence is a two-step process that requires an initial absorption of light followed by emission, [Notę—M any terms and 
variables used in this generał chapter are explained in the C lossary.] Fluorescence spectroscopy is an electronic spectroscopic 
method related to ultraviofet-visibie-near infrared (UV-A/iS“N!R) absorption spectroscopy. It is also a background-free method 
that involves light emitted from the sample in all directions, as is the case with Raman spectroscopy, The initial absorption of a 
photon by a motecule in the sample promotes an electron to an exdted State. The excited electron returns to the ground elec- 
tronie State by emitting a photon. If the emission arisesfrom an "allowed" transition that ty pi ca lly has a short lifetime between 
1 ns and 10 ns, then it is called fluorescence. if the emission arises from a "forbidden" transition that typrcally has a long life- 
ttme between 1 ms and 1 s, then it ts called phosphorescence. Under similar conditions phosphorescence usually is less intense 
than fluorescence. This generał chapter discusses fluorescence spectroscopy, but many points raised here also apply to phos¬ 
phorescence. The basie concepts behind fluorescence spectroscopy have been welf established, but its applications and stand- 
ardization are still expanding and progressing, making it a deve!oping ratherthan a maturę method, 

The most common type of fluorescent sample is a dilute, transparent solution that absorbs light following the Beer-Lambert 
Law and that emits a corresponding fluorescence intensity that is directly proportional to the concentration, the absorptMty, 
and the fluorescence guantum yield of the fluorescent species or ffuorophore. A conventional fluorescence spectrometer has 
both exdtatton and emission wavefength selectors, It collects a spectrum by fixing the wavelength of one of the selectors and 
scanning the other wavelengtb selector over a rangę, When the excitation wavelength is fixed and the emission wavelength is 
scanned, the resulting spectrum is termed an emission spectrum, When the emission wavelength is fixed and the exdtation 
wavelength is scanned, the resulting spectrum is termed an exdtation spectrum (Figurę 1). The fluorescence spectrum is pfotted 
as reiative Intensity or counted photons of fluorescence vs. wavelength. The appearance of a fluorescence spectrum is much 
fike a UV-Vis-NIR absorption spectrum, In fact, the shape or contour of an excitation spectrum often is identical to that of the 
corresponding absorption spectrum for an organie dye in solution over the same wavelength rangę. 



Figurę 1. Fluorescence exdtation and emission spectra for fluorescein in borate buffer. The wavelength axis shows excitation 

and emission wavelengths. 

Polyatomic fluorophores in condensed media (e,g., Solutions, thin films, and solids at room temperaturę) exist in ground or 
excited electronic States in a broad distrlbution of yibrational energy levels and cause homogeneous broadening of excitation 
or emission spectra, respectively, A microenvironment or shell also surrounds each fluorophore in condensed media, and dih 
ferences in the structures of these shells among individual fluorophores cause inhomogeneous broadening. These two types of 
broadening cause fluorescence spectra to be broader than some other types of spectra (e.g., mid-infrared or Raman spectra), 
The typical width of a fluorescence band is between 1 0 nm and 100 nm, Once it is electronfcally excifed, a polyatomic fluoro¬ 
phore experlences yibrational relaxation before emitting a photon, causing a red shift or Stokes shift of the fluorescence spec¬ 
trum reiative to the wavelength at which it was excited, 

Few naturally occurring blologtcal compounds fluoresce strongly. Howeyer, the development of a large array of fluorescent 
indicator dyes, used malnly to bind to ions or indicate pH or polarity, has led to inereased interest In the use of both direct and 
secondary fluorescence techniques, e.g., fluorescence resonance energy transfer (FRET). Whtle many of these probes inherently 
do not have very high quantum yields, their fluorescence changes greatly upon binding and upon the associated solution 
chemistry. For instance, the pH of the sample solution is an important factor to control when considering not only its irnpact 
on the fluorescence of the pro be, but also on the detection of other posslble fluorescing of fluorescent dye binding species, 
Some fluorescent probes, such as fluorescein (pH dependent) and rhodamine and its derivatfves, have very large absorptivities 
and quantum yields approachlng one—i.e., they fluoresce nearly as many photons as they absorb. Fluorescence methods are 
also termed background-free because very little excltation light reaches the detector. These adyantages make fluorescence de- 
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tection highly sensitive, down to single-moiecule detection in some cases. Speciflcity and sensitivity are two of the morę im- 
portant strengths of fluorescence methods, Fluorescence spectroscopy also typtcally is not destructive to the sample, and 
measurements can be madę quickly (on the order of seconds to minutes). 

A right-angle or 0790° geometry often is used to measure drlute Solutions and other transparent samples. In such cases, the 
excitation beam is norma! to the sample, and fluorescence is detected at a 90° angie relative to the beam (Figurę 2d). Afront- 
face geometry is used to measure opticalfy dense samples where the excitation beam is incident on the sample at <90° and the 
fluorescence is cotlected at an angie <90° (Figurę 2b). The epifluorescence geometry is a special case of the front-face geometry 
that often is used in fluorescence microscopy and optical flber-based fluorometers. In epifluorescence geometry the excitation 
beam and collected fluorescence are both norma! to and are on the same side of the sample, Le., a 070° geometry. A 07180° 
transmitting geometry often is used in microscopy (Figurę 2ć)> 



EM 

Figurę 2, Schematic of the excitation beam (EX) and detected emission (EM) orlentations for (a) 0790° right-angle transmit¬ 
ting, (b) front-face, and (c) 07180° transmitting geometries. 

The number of Chemical assays and screening methods using fluorescence detection continues to increase rapldly and has 
resulted in a corresponding increase in the need for standardization of fluorescence measurements. Only a few standard meth¬ 
ods and reference materials have been well established and are readiiy availabie at present for the charactenzation of ffuores- 
cence measurtng systems. National metrology institutes and International standards organizations are working to provide new 
fluorescence standard materials and methods In the near futurę. This generał chapter briefly discusses the major issues that 
should be constdered by users of fluorescence Instruments who aim to achieve high-guality measurements. Standard methods 
and materials are also described where approprfate. A few guidelines and recommendations have appeared, but this generał 
chapter aims to be most useful to nonexpert users of fluorescence spectrometers. 

INSTRUMENTATION 

Ali modern fluorescence measurements involve irradiating the sample with the beam from a suitable iigbt source, selectlng 
the excitation wave!ength, collecting the resulting fluorescence, rejecting the Rayleigh-scattered light, selectlng the emission 
wavelength, and detecting the fluorescence signak The following functions will be discussed individua!ly, along with the 
eguipment used to achleve these functions in commerdał instruments: 

1. excitation light source 

2. excitation wavelength selector 

3. sampling device 

4. emission wavelengtb selector 

5. detector. 

Excitation Light Source 

A variety of lamps, lasers, and light-emitting diodes (LEDs) are used as excitation sources. Contlnuous and pulsed versions of 
these sources are used for steady-state and time-reso!ved instrumenty respeclively. Xenon lamps are the most commonly used 
because of their reiatively high rntensity and broad wavelength rangę (UV to NIR). Lasers are the highestdntensity sources and 
are used in applications where short coliection times and smali amounts of sample are reąuired, e.g., for flow cytometry or 
microarrays, 

Excitation Wavelength Selector 

The Intensity of scattered light at the excitation wavefength (i.e>, Rayleigh scattering) can be comparable to or greaterthan 
that of the fluorescence at the sample. Therefore, the excltation wavelength profile should not overlap the emission wave- 
length region being detected. This is achieved for lamps by using an excitation wavelength selector (e.g., a fi Eter or a mono- 
chromator with a known peak transmlssion wavelength and bandwidth) between the lamp and sample. The inherent band- 
width of the radiation from a laser or an LED often is nąrrow enough that an excitation wavelength selector is not necessary. 
This selector also enables fluorescence exdtation spectra to be resolved. 
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Sampling Device 

The sampting devlce includes all optics and other eguipment needed to defiver the exdtation beam to the sample, collect 
the emission from the sample, and hołd the sample In place* Sample formatu Indude cuvettes, microwell plates, microarrays, 
microscope slides, and flow systems and may be accompanied by a variety of optlcal delivery and collection systems, including 
conventional transmitting, front-face, and epifluorescence systems and fiber optic-based probes. 

Emission Wave!ength Selector 

As with the selector for exdtation, the emission wavelength selector helps to ensure that the emission wavelength region 
being detected does not overlap with the excitation wavelength profile. This approach enables individual fluorescence bands 
to be detected when multiple bands are present and a llows fluorescence emission spectra to be resGlved* Emission wavelength 
selectors afso are important for the rejection of stray light. Filters, monochromators, and grating polychromators often are 
used for emission wavefength selection. 


Detector 

For the detection of emitted lighf, a photomultiplier tubę (PMT) or a charge-coupled device (CCD) array ls placed after the 
emission wave!ength selector. The detection of the excitation beam in order to monitor its intensity commonfy is done by a 
guantum counter detector or a photodiode placed before the sample and to which a smali fraction of the exdtatfon beam is 
split off from the rest 

FACTORS THAT AFFECT QUANTITATION 
Instrument-Based Factors 

Measurements on a fluorescence instrument reguire that instrument parameters such as wavelengths, bandwidths, and de¬ 
tector gain be set Ali of these parameters can be set with varying degrees of repeatability and accuracy, depending on the 
instrument used. These factors can introduce measuremenl uneertainty or blas that is particularly significant when measured 
values are compared between Instruments. For instance, the measured peak positions of the emission bands of two analytes 
may dlffer between Instruments because of a wavelength bia.s. A corresponding bias between Instruments could be Introduced 
in the results of an assay that depends on the ratio of the fluorescence intensities at the two spedfied emission wavelengths. 

The intensity of the exdtat!on beam can change significantly with excitation wavelength or with time because of the wave- 
length dependence of the intensity of the light source and the transmittance of the exdtation wavelength selector or the time 
dependence of the light source intensity. Thus analysts should monitor the excitation beam intensity and correct the measured 
fluorescence intensity for these fluctuations. This monitoring can be particularly important when excitation spectra are collec- 
ted because the excitation intensity often has sharp peaks and valleys when lamp sources such as a xenon (Xe) lamp are used. 

The responsivity of a detection system is not linear with Intensity at all intensities, so analysts should know the linear intensi¬ 
ty rangę of the detection system used. The linear rangę for most detection systems ranges from its limit of detection up to a 
threshold intensity above which the responsivity becomes increasingly nonlinear with increasing intensity. Analysts should es- 
tablish the linear rangę of the fluorescence detection system before they attempt to calibrate the responslvity of the detection 
system* 

The responsivity of the detection system a(so is a resuit of the wavelength dependence of the transmittance of the emission 
wavelength selector and the responsivity of the detector. These factors can affect the shape of a measured emission spectrum. 

The diffraction efficiency of gratings and the responsMfy of detectors often depend on polarization* Changes to lustrum en- 
tal polarization settings can resuit in changes in the observed exdtation intensity and the responsivity of the detection system* 
Even when polarizers are not used within the instrument, the excitation beam may be polarized by the optieal system itself 
and may affect the responsivity of the detection system, and is instrument dependent. In addition, emission polarization effects 
not only can cause intensity differences but also can change spectral correction factors* 

The passing of multiple waveiengths by a diffraction grating can introduce unexpected sharp peaks into a fluorescence spec¬ 
trum* So that incident light is diffracted at a desired wavelength, a grating eguation is used to set the angle of the grating with 
respect to incident light: 

m\ - d(sin a + sin fi ), m = 0, 1, 2, ... 

m - diffraction order 
d - groove spadng on the grating 

ot = angle of the incident wavefront relative to the grating normal 
P - angle of the diffracted wavefront relative to the grating normal 
The value of m\ t not A., is fixed, where m is an integertermed the diffraction order . Therefore, the grating eguation can be 
satisfied by morę than one wavdength for a single grating position. For instance, if a grating in an emission monochromator is 
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set to pass 500-nm light at first order, it also will pass 250-nm light at second order. As a result, the seattered light from a 250- 
nm excitation beam will be detected as a peak at an emission wavelength of 500 nm unless a suitable optical filter is inserted 
in the beam. 


Sample-Based Factors 

The fluorescence intensity of opttcally dense sam pies (e,g„ absorbance A >0.05 at a pa th length of 1 cm) does not increase 
linearly with concentration because of significant absorption of the excitation beam and/or emission (reabsorption) by the 
sample, These inner filter effects also can greatly reduce the amount of fluorescence that reaches the detector, especially when 
a nght-angle transmitting geometry is used. The fluorescence intensity can become strongly dependent on sam ple position 
and optical geometry, At even higher concentrations, aggregation of fluorophores often occurs, causing the shape of the fluo¬ 
rescence spectrum to be different from that of a dtlute sample and also causing nonlinear concentration behavior. 

The fluorescence intensity of a sample may decrease with limę of exposure to light because of photobleachlng and photo- 
degradation. This is particularly true of most organie dyes, which are the most widely used fluorescent probes. Analysts should 
limit the time that such samples are exposed to light in order to obtatn reproducible fluorescence intenslties and in some cases 
even reproducible spectral shapes. 

The fluorescence intensity of fluorophores is temperaturę dependent. Typically, the rates of fluorescence guenchtng process- 
es, such as collistonal ąuenching in Solutions, increase with temperaturę and cause a decrease in fluorescence intensity. Tem¬ 
peraturę coefficients for fluorescence intensity for particular fluorophores can be used to correct for this temperaturę depend- 
ence, 

The absorbance and consequently the intensity of fluorescence from a sample depend on the orientation of the sample’$ 
absorption transition dipole with respect to the polarization of the excitatron light The polarization of fluorescence is parallel 
to the direction of polarization of the fluorescent species' emission transition dipole. Fluorescence polarization is parallel to the 
orientation of the fluorescent species 1 emission transition di połę. Fluorescence anisotropy (r) is used to destribe the extent of 
polarization of emission and ts defined by: 

r=(/ r /,)/(/„ +2/J 

/u - observed fluorescence intensity when the fiuorometer's emission polarizer is oriented parallel to the direction of the 
polarized excitation 

/ ± = observed fluorescence intensity when the fluorometer"s emission polarizer is oriented perpendkular to the direction of 
the polarized exdtation 

A sample whose fluorophores are oriented nonrandomly and have a rotational period that is long compared to their fluores¬ 
cence lifetime will emit anisotropk fluorescence. The spectral shape and intensity of such fluorescence depend on the viewing 
angle and the instrument^ polarization factors. 

A fluorophores fluorescence intensity and peak position, and sometimes even its spectral shape, often depend on the envi- 
ronment, induding changes caused by the solvent used, the solution ł s pH, or the species to which the fluorophore is bound. 
For the above reasons care should be taken during the expenmental design of a new methodology to consider and evaluate 
these effects, and matrix match the reference and unknown as appropriate. 

A Raman signal can introduce peaks into the fluorescence spectrum. The Raman peaks of the sampie's solvent or matrix are 
those most commonly encountered. For instance, the Raman peak of water, which is found red-shifted 3382 cm 1 from the 
chosen exeitation waveiength, typically is observed in the fluorescence spectrum of any aąueous solution excited by UV or 
biue light. 


CALIBRATION OF FLUORESCENCE INSTRUMENTS 

Two types of fluorescence instrument calrbrations are used. The first and most commonfy used is analyte spedfic and deter- 
mines the relationship between the response of the instrument (fluorescence intensity) and the concentration or amount of a 
spedfic analyte. The second is analyte independent and is intended for spectra! Instruments. In this case, the wavelength accu- 
racy for emission and excitation and the spectral responsivity of the detection system are calibrated across the entire or a con- 
tinuous part of the wavelength rangę of the instrument. 

Analyte Concentration—Calibration Curves 

Calibration curves of instrument response (fluorescence intensity) vs, analyte concentration are determined using reference 
materials that contain the analyte of interest For Instance, the fluorescence mtensitres of a set of Solutions at different, known 
analyte concentrations that cover a desirable concentration rangę can be measured and plotted vs. concentration. The plot 
Lhen ts fltted to a polynomiaf, typically a sfraight linę. The resulting calibration curve is both analyte and instrument spedfic 
and can be used to determine analyte concentrations of unknown samples. This type of calibration may not be accurate when 
the microenvironment surrounding the fluorophore is different in the reference and unknown samples, In addition, users must 
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ensure that the fluorescence intensities of sam pies are reproducifole and do not decrease over the time when they are being 
excited and measured because the organie dyes typkally used may be prone to photobleaching, 

In some cases, calibration sam pies at known concentrations and prepared from appropriate reference materials may not be 
available. Firstly, organie dyes that are used as fluorescent probes often are not commerdally available at a known high purity 
that enables production of reference Solutions. Secondly, in complex systems where fluorophores are bound to large mole- 
cules, cells, or microbeads, the concentratlon of bound fluorophores in a solution or suspension may be dsfficult to determine. 
In the latter case, the molecules of equtvalent soluble fluorophore (MESF) scalę has been proposed as an alternative way to use 
calibration curves to quantify fluorescence intensity for a particular analyte. 

Emission Wavelength and Spectral Slit Width 

A variety of reference standards have been proposed for use in the determination of emission wavefength accuracy, includ- 
mg atomie lamps and inorganic and organie fluorophores, The most widely used and best characterized of these are low-pres- 
surę atomie lamps, commonty termed pen lamps: In this case, the type of pen lamp (e,g., Hg, Xe, etc,) is chosen so that its 
radiated atomie lines are within the desired wavelength rangę. The lamp is placed at the sample position so that its light is 
centered in the optical path of Lhe detection system of the instrument. The accuracy of this method may decrease if Lhe pen 
lamp is not properly aligned. The emission wauelength selector-detector then measures the signal over the wavelength rangę 
of interest. The measured wavelength positions of the resulting sharp peaks then are compared with the known posittons to 
determ i n e wa ve I en gth ac c u racy. 

The spectral slit width accuracy of the emission wavelength selector can be confirmed by measurmg the spectral bandwidth, 
taken to be the fuli width at half the peak maximum, of a single linę of a pen lamp. For fluorescence spectrometers with both 
excitation and emission monochramators, an alternatwe method can be used when one monochromator rs scanned over the 
position of the other. 

Excitation Wavelength and Spectral Slit Width 

Many of the reference samples that are used for determining emission wavelength accuracy also can be used for exdtation 
wavelength accuracy. For instance, a pen lamp can be placed at the excitation light source position so that the resulting spec¬ 
trum is detected after the excitation wavelength selector using the instrument^ reference detector, However, in this case, a 
relatively weak signal may limit the number of useful atomie lines, and therefore alignment of the pen lamp is morę critical in 
this instance than for the emission wavelength accuracy determination, 

Once the accuracy of the emission wavelength selector has been determined, use a dtffuse scatterer, e,g., a scattering solu¬ 
tion or a diffuse reflector, at the sample to scatter a fraction of the exdtation beam into the detection system to determine 
exdtation wavelength accuracy. One wavelength selector is set at a fixed wave!ength and the other is tuned over the same 
wavelength to obtain a spectrum. The wavelength bias between the two wavelength selectors is equal to the difference be- 
tween the set wavelength position and the observed peak position of the collected spectrum. This method can be used at any 
wave!ength, unlike many other methods that depend on a limited number of set excitation wavelengths determined by the 
reference materiał chosen. Methods similar to those used for spectral slit width accuracy of the emission wave!ength selector 
also can be used to determine the spectral slit width accuracy of the excitation wavelength selector, 

Linearity of the Detection System 

Several approaches are avai!able to determine the detection system's linear intensity rangę, They can be separated into three 
types, based on the toois used to vary the intensity of light that readies the detector: (1) double aperture, (2) optical filters 
and/or polarizers, and (3) fluorophore concentrations. The double-aperture method is the best established and probably is the 
most accurate when done correctly, but it also is the most difficult to perform, A variety of methods using optical filters, polar¬ 
izers, or a combination of the two have been reported. These methods require high-quallty, often costly, components and 
some user expertlse. The third method is the most popular and is easiesl. It uses a set of Solutions obtained by serial dilulion of 
a fluorescent stock solution that is similar to one used for obtainlng calibration curves for analyte concentration, as described 
earlier. In this case, analysts use Solutions with Iow concentratlon (A <0.05 at 1 “Cm path length), but fluorophore adsorption to 
cuvette walls may affect measurements at very Iow concentrations, Users must ensure that the fluorescence intensities of sam¬ 
ples are reproducible and do not decrease over the time that they are being exdted and measured because the organie dyes 
typically used may be prone to photobieaching, 

Signal Level (Relative Emission) 

Calibration of the refative responsivity of the emission detection system with emission wavelength, also referred to as spec¬ 
tral correction of emission, is necessary for successful guantificadon when intensity ratios at drfferent emission wavelengths are 
compared or when the true shape or peak maximum position of an emission spectrum must be known. Such a calibration is 
reguired because the relative spectral responsivity of a detection system can change significantiy over its wavelength rangę 
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(Figurę 3 ), Analysts should know the degree of photometric precision reguired for successful guantitation. The Ifnear rangę of 
the detection system is determined before this calibration is performed, so that appropnate steps are taken (e,g,, the use of 
attenuators) to ensure that all intensfties measured during this calibration are within the linear rangę. When one uses an emis¬ 
sion polarizer, the spectra! correction for emission depends on the polarizer setting. 

Two methods are preferred for calibrating photometric responsivity: one (Method A) uses light from a calibrated source (CS), 
and the other (Method B) uses certified reference materials (CRMs). Both give results that are traceabfe to national metrology 
institutes. A calibrated tungsten white light source is used most commonły for Method A and covers the wavefength rangę 
from about 350 nm into the NIR, Standard reference materials from the IL5, National Institute of Standards and Technology 
and CRMs from the German Federal Institute for Materials Research and Testing currently are available for use in Method B. 
Corrected emission spectra of some commonły used dyes also have been reported in the literaturę, Method A is morę difficult 
to implement than Method Band requires periodic recertification of the CS. A third method, Method C, uses a calibrated detec- 
tor and a calibrated diffuse reflector. This method typically has larger uncertainties than Method A and Method B but rs recom- 
mended in UV and NIR wavelength reglons that are not covered by the other two methods. 



Figurę 3, Example of the relative spectral responsivity of an emission detection system (PMT-based grating monochromator) 
for which a correction must be applied to a measured emission spectrum to obtain the true spectral shape (relative intensities), 

METHOD A 

In Method A, analysts direct CS light into the emission detection system by placing the CS at the sam ple position. If the CS is 
too large to be placed at the sam ple position, analysts can place a calibrated diffuse reflector (CR) at the sample position to 
reflect the fight from the CS into the emission detection system. The emission wavelength selector is scanned over the emis¬ 
sion region of interest uslng the same instrument settings as used with the sample, and the signal thannel output {$’*) is collec- 
ted. The known radiance of the CS inddent on the detection system (1) can be used to caIculate the relative correction factor 
(C c5 ) so that: 

-t/5" 

Qs = relative correction factor 

i = radiance of the CS inddent on the detection system 

S n — signa! channef output 

The corrected emission fntensity is equal to the product of :he signal output of the sample and O*- 

METHOD B 

In Method B, analysts place the fluorescence standard at the sample position. fts spectrum is collected and is tom pa red to 
the certified spectrum according to the instructions given on the accompanying certiffcate, which yields spectral correction 
factors for the instrument. 


METHOD C 

Method Cinvolves two steps: Step 1 uses a calibrated detactor (CD) at the sample position to measure the flux of the excita- 
tion beam as a function of exdtation wavelength. Step 2 uses a CR to reflect a known fraction of the ffux of the excitation 
beam into the detection system. This is done by placing the CD at the sample position ata 45° angle, assumtng a 0790° in¬ 
strument geometry, and synchronously scanning both the excitation and emission wavelength selectors over the emission re¬ 
gion of interest while collecting both the signal output and the reference output This method aflows analysts to calculate the 
relative correction factor. This method has larger uncertainties than those for Method A or Method B and typically is morę diffi¬ 
cult to implement. 
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Reference Signal Level (Relative Exdtation) 

CallbraUon of the excitation Intensity with excitation wavelength is necessary for successful quantitatron when anaiysts com- 
parę intensity ratios at different excitation wavelengths or when analysts must know the true shape or peak maximum position 
of an exdtation spectrum. Such a calibration is necessary because the relative spectral flux of an excitalion beam at the sample 
can change extensively over its wave!ength rangę (see Figurę 4 ). The neglect of excitation intensity correction factors can cause 
even greater errors than neglect of emission correction factors. Fortunatefy, many fluorescence instruments have a built-in ref¬ 
erence detection system to monitor the intensity of the exci tation beam. This monitoring usually is done using a photodiode, 
PMT, CCD, or a guantum counter detector to measure a fraction of the excitation beam that is split off from the rest of the 
beam. The collected reference signal can be used to correct the fluorescence signal for fluctuations caused by changes in the 
excitation beam’s intensity* Reference detectors often are not calibrated with excitation wavelength, which introduces errors 
that can be particularly large over longer excitation wavelength ranges (e,g*, >50 nm) or in a wavelength region where the 
excitation intensity changes rapidly with excitation wavelength (e.g*, the UV rangę). When an exdtation polarizer is used, the 
spectra) correction for excitation intensity depends on the polarizer setting* 



Figurę 4, Example of the relative flux of an excitation beam (Xe lamp grating monochromator) for which a correction must 
be applied to a measured excitation spectrum in order to obtain its true spectral shape* 

When a reference detector is not buik into an instrument, a spectral correction for the reference channel or an independent 
spectral correction of exdtation intensity is required. Three methods can be used to determine the spectral correction of exd- 
tation intensity: a CD (Method 1); a calibrated diffuse ref lec tor (Method 2); or a quantum counter (Method 3). The latter two 
methods use the instrument^ fluorescence detection system as a detector. 

For Methods 1 and 2, the detector and diffuse reflector are calibrated for responsivity and reflectance, respecth/ely, as a 
function of wavelength* For Method 2, excitation and emission wavelength selectors are scanned synchronously, and the spec¬ 
tra! correction for the emission channel [see Signaf Level (Relative Emission )] must be applied to the measured intensitles* Meth¬ 
od 3 should be used only in the quantum counter 1 * effective wave!ength rangę where a wavelength-independent response can 
be achieved, Method 1 using a CD has fewer caveats than do the other two methods* A CD is placed in the sample position, 
and the output is measured as a function of emission wave!ength by scanning the excitation wavelength selector over the exci- 
tation region of interest using the same instrument settings as those used with the sample* The known responsivity of the CD 
Is used to calcu late the flux of the exritation beam* if the irstrumenfs reference detector is used to measure the intensity of 
the exci tation beam simultaneously with the CD, then the correction factor for the responsivity of the reference detector also 
can be calculated* 


Intensity and Sen$itivity 

The absolute value of the fluorescence signal measured by the detection system depends not only on the sample itself but 
also on the excitation intensity of the sample and the optical geometry of the instrument Therefore, determination of instru¬ 
ment-independent fluorescence intensity of any sample or the absolute responsivity of any detection system in terms of the 
intensity of the sample or measured by the detector, respectively, reiative to the excitatlon intensity can be dlfficult. 

The most accurate way to calibrate an instrument for absolute intensity is to use conventional standards-based methods 
such as those that empioy a calibrated llght source or a calibrated detector in combination with a calibrated reflector. These 
methods require user skill and knowłedge, Also, the (typically annual) certification and recertlfication are expenslve, In addi- 
tion, these standards tend to be bulky and are not compatible with many instruments* Thus, most researchers use simpler al- 
temative standards and methods* 
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One approach is to correlate fluorescence signals to analyte eon ce ntrati o ns using calibration curves or MESF units (see Ano- 
lyte C oncentration—Calibration Curves). Another approach is to measure the intensity of a standard sam ple that can be expet* 
ted to always give the same fluorescence intensity underthe same conditions* 

Organie dyes, such as those used as fluorescent probes, generally are not good choices for intensity standards because of 
issues with photobleaching, stability, and repraducible concentration. If organie dyes are used, then those with known high 
punty and known shetf life, such as those produced by national metrology institutes, are recommended for single use (i.e., 
analysts should use a fresh solution for every measurement), 

A better alternative is to use fluorescent samples that are stable over time even when exposed to light For example, fluores- 
cent, inorganic glasses with welLcharaoterized photostability and spectraI properties and long shelf fives are commercially 
available. Such materfals can be used for determming a quasi-absolute intensity scalę by measuring fluorescent srgnaf at flxed 
wavelength values within their recommended rangę using specified experimental parameters such as bandwidths, excitation 
intensities, and tempera tu res. 

The sensitivity of a fluorescence instrument is determined by measuring the signal-to-noise ratlo of the fluorescence signal of 
intensity standards. The Raman linę of water often Is used to measure sensitrvity in a similar way, but the Raman signal typically 
is strong enough only to be useful in the UV region. Analysts can use organie dye Solutions to measure instrument sensitivity or 
limits of detection with caveats that are identical to those that apply when the Solutions are used as intensity standards* 

The methods outiined here yteld a quasi-absolute intensity scalę that should be instrument independent for instruments with 
similar opticaf geometries, designs, and settings. Results of these measurements enable comparison of the sensitivfty of differ- 
ent fluorescence instruments, but these comparisons should be approached with caution because of the relative!y large and 
difficult-to-quantłfy uncertainties involved. 

PROCEDURĘ VALIDAT10N 

Validation of an analytioal procedurę using fluorescence demonstrates that the result is valid within a specified, acceptable 
uncertainty budget. Instrument qualification, which also may involve instrument calibration, ustially is part of the process, and 
analysts also must consider sample-related errors (see Sample-based Factors). These can ansę from ooncentration, anisotropy, 
photostability, and shape of the sam ple, in combi nation with effects of the instrument^ optical geometry. Ali suspected errors 
should be quantified and combined to give a total estimated error that must be less than the method-specific, acceptable lim¬ 
it. 


CLOSSARY 

Absorptivity (a): A measure of the absorption of radiation from an ineident beam as it traverses a sample, which is equa! 
to the ąuotient of: 

A/bc 

A - absorbance 

b - path length (cm) 

c = concentration (mg/mL) 

Also referred to as spedftc absorption coefficientby the International Union of Rurę and Applied Chemistry. 

Absorption coefficient (a): A measure of absorption of radiation from an ineident beam as it traverses a sample accord- 
ing to Bougueds Law: 

Ul o = 

/ = transmitted intensity 
/ 0 = ineident intensity 
e - base of natural logarithm 
a = absorptivity 

path length of the beam through the sample 
Notę that transmittanee J = /// 0 and absorbance A = -log L 

Beer-Lambert law (or Beers law or Beer-Lambert-Bouguer law): In the absence of any other physical or Chemical fac¬ 
tors, Ą is proportional to path length, b t through which the radiation passes and to the concentration, c, of the substance in 
solution in accordance with: 


A k = z h cb 

= molar absorptivity 
c = solute concentration (M/L) 
b - path length (cm) 

CaJibrated detector (CD): A light detector whose responsMty as a functlon of wave!ength has been determined along 
with corresponding uncertainties. 
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Calibrated light source (CS): A light source whose radiance as a function of wavefength has been determined along with 
corresponding uncertainties. 

Calibrated diffuse reflector (CR): A Lambertian reflector whose reflectance as a function of wavelength has been deter¬ 
mined along with corresponding uncertainties. 

Certified reference materia! (CRM): A materia! with properties of interest, the values and corresponding uncertainties of 
which have been certified by a standardizing group or organization. A "reference materiał, accompanied by documentation 
issued by an authoritative body and providing one or morę specified property values with assodated uncertainties and tracea- 
bilities, using valid procedures" [International Vocabulary of Metrology (VIM) 5.14]. 

Diffuse scatterer: A materiał that scatters light In multiple directions. This includes diffuse reflectors, which often are Lam¬ 
bertian, and scattering Solutions, which are not Lambertian. 

Fluorescence amsotropy (r): A measure of the degree of polarization of fluorescence: 

0/(4 +2/J 

4 - observed fluorescence intensity when the fluorometePs emission polarizer is oriented parallel to the direction of the 
polarized excitation 

f L - observed fluorescence intensity when the fluorometePs emission polarizer is oriented perpendicular to the direction of 
the pofarized excitation 

Fluorescence band: A region of a fluorescence spectrum where the intensity passes through a maximum, usually corre¬ 
sponding to a diserete electron transltion. 

Fluorescence lifetimed A parameter descrlbing the time decay of the fluorescence intensity of a sample component, If a 
sam ple decays by flrst-order ktnetics, this is the time required for rts fluorescence Intensity and corresponding excited-state 
population to decrease to 1/e of its initial value. 

Fluorescence quantum efficiency: The ratio of the number of fluorescence photons ieaving an emitter vs. the number of 
photons absorbed. 

Fluorescence guantum yield (O): The probability that a molecule or species will fluoresce once it has absorbed a photon. 
This quantity is an innate property of the species and typlcally is calculated for a sampfe as the ratio of the number of mole- 
cules that fluoresce vs. the number of molecules that absorb. Fluorescence guantum yteld values rangę from O (i.e., no mole- 
cules fluoresce) to 1 (theoretlcal maximum in which all molecules that had absorbed radlation fluoresce). 

Flux (or radiant flux): The ratę of propagation of radiant energy, typicaliy axpressed In watts. SpectraI flux is the flux per 
unit spectra! bandwidth, typlcally expressed In watts per nanometer. 

Grating eąuation: It describes the relationship between the angle of diffractlon and the wavelength of radlation that is 
incident on a grating: 

mX - d(sin a + sin fi ) 

m ~ diffractlon order 
d - groove spacing on the grating 

a - angle of the incident wavefront reiative to the grating normal 
fi - angle of the diffracted wavefront reiative to the grating normal 

In ner filier effects: A decrease in the measured quantum efficiency of a sample caused by extensive absorption of the 
excitation beam or reabsorption of the emission by the sample itself. This causes the measured quantum efficiency to depend 
on the absorbance, concentration, and excitation and emission path lengths of the sample. 

Intensity: A measure of the amount of electromagnetic energy present This generał definltion is synonymous with or di* 
rectly proportional to the signal output of a photodetector or the flux of a sample or light source. A morę specific definitton 
often used in radiometry is: the radiant flux per unit solid angle from a point source, which typlcally is expressed as watts per 
steradian (W/sr). [Notę —Steradian corresponds to the SI unit of solid angle.] 

Lambertian reflector: A surface that reflects light according to Lamberfs law, i.e., the light Es unpolarized and has a radi- 
ance that is isotropic or independent of viewing angle. 

Umit of detection (LOD): An estimate of the lowest concentration of an analyte that can be measured with a given pro¬ 
cedurę, often taken to be the analyte concentration with a measured signal-to-noise ratio of 3, 

Noise level: The peak-to-peak noise of a blank. 

Photobleaching: A loss of emission or absorption intensity by a sample caused by exposure to light. This loss can be re- 
yersible or irreversible, and the fatter ty pica Iły is referred to as photodegradation or photodecomposition . 

Quantum counter: A photoluminescent emitter with a guantum efficiency that is independent of excitation wavelength 
over a defined spectral rangę. When a guantum counter is combined with a detector to give a response proportional to the 
number of incident photons, the pair is calied a ąuantum counter detector 

Quasi-absolute fluorescence intensity scalę: A fluorescence intensity scalę that has been normalized to the intensity of a 
fiuorescent reference sample or artifact under a fixed set of Instrumental and experimentai conditions. This artifact shouid de- 
monstrably yield a fluorescence intensity that is reproducibie with time and between instruments under a fixed set of condi¬ 
tions. 


T Boens N P Qin W, Basaric N, et a!.., Fluorescence lifetime standards for tfmeand frequency domain fluorescence spectroscopy. Arta! C/iem, 2007;79{5}:2137-2149. 
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Raman scattering: The inelastic scattering of radiation (the wavelengths of the seattered and tnddent radiation are not 
equal) by a sample that oocurs because of changes in the polarizability of the re!evant bonds of a sam ple during a molecufar 
vibration. UnJrke fluorescence, the radiation being seattered is not reąuired to be in resonance with eiectronic transitions in the 
sample. 

Rayleśgh scattering: The elastic scattering of radiation by a sample; t.e., the seattered radiation has the same energy 
(same wavelength) as the fncident radiation. 

Responsivity (spectral): The ratio of the photocurrent output and the radiant power colfected by a light-detection sys¬ 
tem. Spectral responsmty is the responsiyity per unit spectral bandwidth. 

Sensitivity: A measure of an Instruments ability to detect an analyte under a particular set of eonditions. 

Spectral bandwidth (or spectral bandpass or resolution): A measure of the capability of a spectrometer to separate ra¬ 
diation or resolve spectral peaks of slmilar wavelengths. Usually observed as the triangular dispersion of an emission linę, this 
parameter is taken to be the fuli width at half the peak maximum (FWHM) t 

Spectral slit width: The mechanical width of the exit slit of a spectrometer divided by the linear dispersion in the exit slit 
piane. In practice, observed as the triangular dispersion of an emission linę, this width mcludes all the transmitted wayelengths 
for a given slit setting. 

Transition dipole moment: An oscillating dipole moment induced in a molecular species by an electromagnetic wave 
that is resonant with an energy transition of the species, e g., an eiectronic transition. Its direction defines the transition polarl- 
zation, and its sguare determines the intensity of the transition. 


(1854) MID-INFRARED SPECTROSCOPY—THEORY AND PRACTICE 


PRINCIPLES OF MID-INFRARED SPECTROSCOPY 

Mid-infrared (mid-IR) spectroscopy Śnvolves measurement of the absorption of electromagnetic radiation over the wavenum- 
ber rangę of 4000-^f00 cm- 1 (which corresponds to the wavelength rangę of 2.5-25 pm) caused by the promotion of mole¬ 
cules from the ground State of their vibrational modes to an excited yibrational State. The most commoniy used parameter to 
denote the energy of the transitions is the wavenumber, i.e„ the number of waves per centimeter. The wavelength, X (pm), 
and wavenumber, v (errr 1 ), of radiation are related by the expression: 

i? = 10 a IA (1) 

The mid-IR spectrum extends from 4000 cm- 1 (2.5 jim) to 400 cm- 1 (25 pm). Molecules can move in a certain number of 
yibrational modes. The energy of modę, i, is given by: 

( 2 ) 

h — Planclds constant 
c = yelocity of Ifght 

- fundamental yibrational frequency of modę / (cm- 1 ) 
v ( - vibrational guantum number of this modę 
x ( = so-called anharmonicity constant 

The strongest bands in the mid-IR spectrum are caused by fundamental transitions from the ground State of a given modę 
(v f = 0) to its first excited yibrational State (v f - T), although weaker overtone and combination bands also are observed in the 
spectrum. Oyertone bands are caused by the promotion of molecules from their ground State to their second and htgher yi¬ 
brational States (v t - 2, 3, etc.). Overtones are obsen/ed on y for those modes for which x, is non-zero. Combination bands are 
caused by the simuftaneous promotion of molecules to two excited yibrational States. 

N/ibrational modes involve the motion of all atoms of the molecule. Many modes tnvolve only large-amplitude yibrations of 
the atoms in loealized regions of the molecule, and the remaining atoms are largely unaffected. When molecules contain a 
certain functional group, the transitions often occur in narrow spectral ranges. In this case, the wavenumbers at which these 
transitions occur are known as group freąuencies, When a yibrational modę involves atomie motions of morę than just a few 
atoms, the freguencies occur over wider spectral ranges and are not characteristic of a particular functional group. Instead, 
tbey are morę characteristic of the molecules as a whole. 5uch bands are known as fingerprint bands . All strong bands that 
absorb at wayenumbers above 1500 cnr 1 are group freguencies. Strong bands that absorb below 1500 cm- 1 can either be 
group freguencies or fingerprint bands. Thus, not all strong bands in the IR spectrum of a given molecule can be attributed to 
the presence of a particular functional group. 

The motion of atoms during a particular yibrational modę, i, is characterized by the normal coordinate, Q-. The intensity of 
fundamental bands is goyemed by the square of the change in dipole moment, p, during the yibrational cyde (3p/£Q-) z . Thus 
yibrational transitions of modes involving polar groups, such as C-O, C=0, O-H, N-H, and C-F, typlcally give rise to strong 
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bands in the spectrum, Where (d\xfdQ^ is smali, transitions are weak. When the symmetry of a molecute Jeads to the condition 
that (d\xfdQ^) = 0 for a certa in modę, the band corresponding to this modę does not appear in the IR spectrum, Overtone and 
combination bands are always weaker than the fundamenta! modes from which they are derived. 

For functional groups that have the form XY 2 (such as -CH 2 , -NH Z , -N0 2 , and -S0 2 ) and XY 3 (such as -CH 3 and first- 

order toupling can occur so that the modę is split into a symmetrical modę (where both the Y atoms move to and from the X 
atom with the same phase) and an antisymmetrical modę (where one Y atom moves 180° out of phase with the other). The 
amount by which the two bands are spiit depends on the Y-X-Y angle. The morę doseiy this angle approaches 180°, the 
greater the splitting. Thus, for example, for the symmetnc and antisymmetnc stretching modes of ketenes and isocyanates 
where the angle is approximately 1 80°, the splitting can approach 1000 cm- 1 , whereas for CH 2 and CH 3 groups where the 
angle is approximately 108°, the splitting is on the order of 100 cm- 1 , 

Second-order coupling, sometimes known as Fermi resonance, occurs when an overtone or combination band happens to 
occur at the same (or near coincident) wavenumber as a fundamenta! modę of the molecuie that invo!ves motlon of the same 
atoms. In this case, the overtone or combination borrows intensity from the fundamental band, and the two bands spfit apart 
by as much as 40 crrrh The cioser the bands that interact in this manner, the greater the splitting and the closer the intensity 
for the resulting bands. 


SAMPLINC PROCEDURES 

Mid-IR spectra can be measured by transmission, external reflection, interna! reflection [often called attenuated total reflec- 
tion (ATR)], diffuse reflection, and photoacoustlc spectroscopy. Each of the major approaches Is presented befow. 

Transmission Measurements 

The alkaEi halide disk and mulling procedures are the tracitional mid-iR transmission sample presentation methods for matę- 
rials that are in the form of a finely divided powder, as is the case for many drug substances and excipients. During preparatfon 
of a sample suitable for IR spectroscopy, the powdered materiał is uniformly dispersed throughout either the aikali halide or 
mulling agent, which acts as a support matrix for the analyte. Other procedures by which transmission spectra can be ac- 
guired include the use of Solutions and compression cells, Neat compounds can be examined in a compression celi, as a seif- 
supporting film (for pofymers), as a capi flary film be twe en the IR-transparent celi Windows (for figuids and semisofids), and as a 
gas. 

The ratio of the single-beam spectrum of the sampie and an appropriate background spectrum at a given wavenumber, v, is 
known as the transmittance, T-(y)> A transmittance spectrum is the direct output of most prism or grating spectrophotometers. 
For spectra measured on a Fourier transformdR (FT4R) spectrophotometer, the two single-beam spectra are measured at differ- 
ent times and are ratioed subseguently, An appropriate background spectrum should be measured. For aikali halide disks and 
minerał oif mulls where the diameter of the sample is usually greater than that of the focused beam, the background is meas¬ 
ured with nothing in the sample compartment. If the sample diameter is smalfer than that of the beam, the empty sample 
holder should be in place when the background spectrum is being measured. Similarly, the background for measurements 
madę with an IR microscope should be measured with the same aperture that is used to measure the sample spectrum. For the 
measurement of ATR spectra, the background spectrum should be the clean internal reflection element. 

Because transmission spectra of nonscattering samples obey the Beer-Lambert Law (usually abbreviated as Beeds Law), the 
transmittance commonly is converted to absorbance, A (v), i.e., Iog 10 1 fT (v). Beeds Law States that the absorbance of compo- 
nent i at wavenumber, Ą (f), is the product of the absorpth/ity of / at that wavenumber, a . (v), the path length of the sample, 

5, and the concentration of i c t The measured absorbance of a mrxture at each wavenumber is the sum of the absorbances of 
each component of the mixture, Certain powdered a łkali halEdes, such as potassium bromide, potassium chloride, and caesium 
iodide, coalesce under high pressure and can be formed into selhsupporting disks that are transparent to mid-iR radiation. 

Potassium Bromide (KBr) Disks 

The aikali halide most commonly used is powdered, dry, highly pure potassium bromide, which is transparent to mid-IR ra¬ 
diation to approximatefy 400 cnrrh From this point, aikali halide disks will be referred to as KBr disks even though they can be 
madę with other aikali halides such as potassium chloride and caesium iodide. IR spectroscopic-grade potassium bromide with 
a particie size of 100-200 mesh (about 100 jim in diameter) can be purchased commercially, Nonspectroscopic-grade materia) 
may contain impurities with absorption bands in the mid-IR region. One of the morę common impurities is potassium ni tratę, 
which has a sharp absorption band at approximately 1 378 cm- 1 . Powdered potassium bromide bas a tendency to adsorb mol- 
ecules from the air over a long period of time, so it must be stored properly. if the potassium bromide is not dry, its spectrum 
exhibits a broad absorption band caused by adsorbed water at approximately 3400 cm- 1 , afong with a weaker band near 1640 
cm- 1 . 

Commercia! presses and dies in a rangę of diameters are avatlable for the preparation of aikali halide and simifar disks. The 
most common diameter of KBr disks is 13 mm, but mlni-disks with a diameter as smali as 0.5 mm can be prepared using com- 
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merdally available presses. Follow the manufacturerts recommended procedures for operating the disk-making accessory and 
the press. 

Typically, the weight ratio of sam ple to alkali halide is on the order of 1 part of the sam ple to 100-400 parts of potassium 
bromide. An optimal procedurę for preparing a 13-mm diameter disk is to pregrind the sample to a fine particie size in an 
agate mortar. A vibrating agate or steel bali mili also can be used. Then 1-2 mg of the ground sample is weighed and transfer- 
red to a dean mortar (or vial). A weighed amount of dry ground potassium bromide powder (300 mg) is then added and 
mixed gently with the analyte to form a homogeneous mixture* The optimum way of achieving homogeneity is to add about 
10 mg of ground potassium bromide to the sample in a mortar and then to gently mtx with the pestle. This is followed by 
successively adding doubled quantities of potassium bromide (Le., approximately 20, 40, 80, and 160 mg) with mixing after 
each addftion. The applied pestle action should induce good mixing with minima! grinding because further reduction of the 
potassium bromide particie size will lead to increased water absorption. (If the mixing is done in a vial, then the mixing time is 
shortened.) The mixture of potassium bromide and analyte is then transferred completely to a clean 1 3-mm die, which is filled 
and assembled according to the manufacturerts instructions. When the die is connected to a rotary vacuum pump, evacuate 
for about 2 min, The die (still under vacuum) is ptaeed in a hydraulic press, and a pressure sufficient to form a disk that shows 
uniform transparency is applied. Dtscard any disk that visually shows lack of uniform transparency or exhibits poor transmit* 
tance at about 2000 cm- 1 . Faulty, unsatisfactory, or poor-quality disks may be a conseguence of inadequate or exce$sive grind- 
ing, moisture/humidity, or impuriEtes in the dispersion medium. 

Mulls 

To prepare a muli, homogeneously drstribute the finely dtvided powder sample in a thin layer of a viscous liquid that is semi- 
transparent to mid-IR radiation and has a refractive index dosely matched to that of the sample, The prepared muli is sand- 
wiched between a pair of mid-IR-transparent Windows, and a transmission spectrum of the muli preparation is recorded. The 
muli, which should have the consistency of a pastę, is formed in such a manner as to minimize radiation scattering effects 
(radiation scatter from particles is worse when there is greater mismatch between the refractive index of the dispersant and 
surrounding medium). The sandwich can be damped together in a muli celi. Commercial muli cells are available for both mac- 
ro- and micro-preparations, 

The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon minerał oil (lrquid paraffin, Nujol). Thls 
materia! has strong absorption bands of 3000-2800 cm- 1 and of 1500-1340 crrr T , and a weaker band at 720 cm- 1 that may 
obscure the absorption bands of the sample in these regions. In this case, a muli may reguire preparation in a chemkaily dif- 
ferent oil. This can be achieved by the use of a perhalogenated oil mulling agent such as chlorofluoro substituted polymers. 
Combining the spectra of the sample prepared in the two mulling oifs and Ignoring the regions where one of them has strong 
absorption bands enables observation of the fuli mid-IR absorption spectrum with mintmal interference. 

For the preparation of a minerał oil muli, the particie size of the sample must be reduced to below that of the shortest wave- 
length of the interrogating radiation (2.5 pm) in order to minimize light-scattering effects that decrease spectra I contrast and 
cause band distortions, The spectrum from a coarse powder or one that is poorly ground will show a high degree of scatter 
that is manifested as a sloping baseline that decreases toward shorler wavelengths (htgher wavenumbers). Also, a coarser pow¬ 
der will increase the Christfansen effect, which is ca used by reflection from the interface between materials of different ref rac- 
tive index. The refractive index of materials with strong absorption bands varies in a way that is simiiar to the first derivatśve of 
the profile of the absorption band—a phenomenon that is referred to as onomafous dispersion. The Christiansen effect is mani- 
fested as a transmission increase on the shorbwavelength (high-wavenumber) slde of an absorption band with a concomitant 
decrease on the longer wavelength side. Furthermore, a coarse, poorly dispersed powder can lead to a severely distorted mid- 
IR spectrum in which the relative intensity of the weaker bands is enhanced and the intensity of the morę intense bands in the 
spectrum appears weaker and distorted. These effects are a consequence of radiation that has reached the detector but has 
not been transmitted through a representative sample of the analyte. Simiiar effects can be seen in the spectra of poorly pre¬ 
pared KBr disks. 

During the preparation of mulls and KBr disks, some work is done on the analyte, either in the form of grinding, mixmg, or 
pressing, and consequentiy there is the potential to induce solid-state form transformations. Although laboratory mechanical 
mills can produce powders with a smali particie size, band grinding using a mortar and pestle usually achieves better control 
and less aggressive protessing for organie pharmaceuttca! materials, Practltioners generally accept that of the two procedures, 
the muli procedurę is the less aggressive and is less prone to induce solid-state form changes such as changes in the crystallim- 
ty (polymorphism) or changes in the hydration or solvation State (pseudopoiymorphism). The KBr disk procedurę does, how- 
ever, have advantages over the muli presentation method because potassium bromide exhibit$ no absorption bands above 
400 cm- 1 (neglecting any adsorbed water or impurities) and is better adapted to micro-sample preparations. When the sample 
is a salt, as is freguently the case for active pharmaceuticai ingredients (APls), ion exchange can occur between the analyte and 
alkali halide, and the sample is better prepared as a muli 

Compression Cells 

The use of a compression celi has become a popular sampling procedurę for recording a mid-IR transmission spectrum of a 
smali or limited-guantity solid sample such as a single particie of an API or exciptent, a contaminant such as a short length of 
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fiber, or a smali fragment from a paekaging materiał. This h partrcularly the ease for rnvestigations using an IR microscope sys¬ 
tem. Type lla diamonds are quite transparent over much of the mid-lR region, although they exhiblt fairly strong absorption 
between approximately 2000 and 2400 cm- 1 , Because of the high strength of diamond, it is commonly used as the window 
materia! of compression cells. The sample is placed between the diamond Windows of the celi, the cefl is then tightened, and 
the sample thickness is reduced to an optimom for a transmission measurement. The compressed sample can be examined 
while it is contained within the compression celi 

Seif-Supported Polymer Films 

The mid-IR transmission spectrum of many polymers used as paekaging materials can be recorded from samples prepared as 
thin self-supportfng films. Fiims of appropriate thickness can be prepared by, for example, hot compression moulding a sample 
or microtoming a thin section from a sample. Soft and low-melting solids that do not crystallize when cooled can be prepared 
either as a thin layer sandwiched between two mid-IR-traniparent Windows by gently warming the sample or from the melŁ 
Thin films from some materials can be cast from solution onto an IR-transparent window. 

Capillary Films 

Nonvoiati!e ltquids can be examined neat in the form of a thin layer sandwiched between two matching Windows that are 
transparent to IR radiation. The liquid layer must be free of bubbles and must compietely cover the diameter of the IR beam 
focused onto the sample. 

Liquids and Solutions In Transmission Cells 

For the examination of liquid and solution samples, transmission celi assemblies that comprise a pair of Windows constructed 
of mid-IR-transparent materials such as potassium bromide spacers, filling ports, and a holder are available commerrially in 
both macro- and micro-sample configurations. They can besealed, semi-permanent, or flow-through. A wide rangę of stand¬ 
ard thickness spacers and window materials is avai]able. For laboratory applications, spacers are typically formed from iead, 
poly(tetrafluoroethylene), or poly(ethyfene terephthalate) and can be supplied, depending on spacer materials, In standard 
thickness path lengths from approximately 6 pm to 1 mm or targer 

The optimum path length reąuired for examming a particular liqurd or solution usually must be deterrmned empirically and 
depends on its absorption characteristics and whether the application is qualitative or quantitative. fn some instances for quali- 
tative work, transmission cells can be replaced with disposabfe porous media such as polyethylene or poly(tetrafiuoroethylene) 
mounted on a suitabie backing. 


Gases 

Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a wide rangę of materials to suit 
the appiicatron, from laboratory to process scalę, in the laboratory, the traditional gas cel! has been a 10-cm long cylinder 
madę from borosilicate glass or stainless Steel with an aperture of about 40 mm at each end. Each open end is covered with an 
end cap that contatns one of a pair of mid-IR-transparent Windows constructed from, for examp!e, potassium bromide, zinc 
selenide, or calcium fiuoride. The celi body is fitted with appropriate mięt and outlet ports. Different gases may present differ- 
ent sealing reguirements that should be taken into account. For the detection of gases at the ppm level, long-path length cells 
constructed from borosilicate glass or metal are used. These cells can be of fixed path length of up to about 2 m or of variable 
path lengths of 10-200 m. Gas cells can be jacketed and operated at temperatures of 250° or greater, and their pressure rat- 
ings can rangę from vacuum to morę than 50 atmospheres. Smali dtfferences in temperaturę and pressure have significant 
effects on the spectrum, and care must be taken to ensure that the calibration and analysis are performed under slmtlar condi- 
tions such that the calibration remains valid. 

Attenuated Total Reflection Spectroscopy 

Attenuated total reflection (ATR) spectroscopy, aiternatwely known as internal reflection spectroscopy or evanescent wave 
spectroscopy, has become a widely used procedurę. This is largely a consequence of a new generation of simple-to-use single- 
reflection accessories. 

ATR spectroscopy relies on the optrcal property that radiation passing through a medium of high refractive index J n 2 [the 
optically dense medium, also known as the internal reflection element (IRE)], at an angle of inddence greater than the critical 
angle will be totally internally reflected at a boundaFy in contact with a materiał of lower refractive index, the sampie, n r {the 
optically rare medium). The critical angle, % is given by n } fn 2 . The electric field of the radiation penetrates a short distance 
into the optically rare medium. The intensity of this electric f eld, which is known as the evanescent wove t is confined within the 
vrcinity of the surface of the denser medium. Its intensity decreases exponentiaily with distance, normal to the surface, into the 
optically rare medium, It can, therefore, be envisaged as penetratrng the surface layer of the rarer medium, The depth of pene- 
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tration, d pf is a convenient comparative term for different experimental arrangements, it is the distance from fhe surface of the 
IRE at which the amplitudę of electric field amplitudę falls to 37% (1/e) of its value at the surface: 


ft ” j b n K J / 

2xn*\f tsin" 9-;r,;) 

A 0 = wavelength of the radiation in vacuum 

0= angle at which the beam strikes the interna] surface of the IRE 

nu = n 2 /n t 

Notę that, to achieve total interna! reflection, #must be greater than 0 o so that n 2 is usually greater than 2,3. Same of the 
morę commonly used IRE materials are the followlng: zinc selenide (n 2 ~ 2.4), Type Ha diamond (n 2 - 2.4), Silicon (n 2 ~ 3.4), 
and germanium { n 2 ~ 4.0). Furthermore, d p decreases with increasing angle of incidence and increases with Increasing wave- 
fength (decreasing wavenumber). As a consequence of the increase in d p with increasing waydength, the band intenslties 
within an AIR spectrum appear—by comparison with a conventionaf transmission spectrum—to be relatively increasingly en- 
hanced with decreasing wavenumber. 

Furthermore, the refractlve lndex of all molecules is not constant and varies across absorption bands (anomalous disperston). 
For strong absorption bands, n ? can vary between approximately 1 and 2. This effect causes a shift in the measured wavenum- 
ber of a band with respect to transmission spectra, Particulariy when equipment is operating at high angies of incidence or 
with an IRE with a Iow refractive index such as zinc selenide or diamond, strong bands may also be accompanied by the ap- 
pearance of an underlying first-derivative-like shape (see above for a discussion of the Christiansen effect in KBr disks). 

Many different geometrical shapes and sizes are used for IREs. A trapezoidal IRE is commonly incorporated into so-called 
horizontaJ ATR (H-ATR) units. Hemispherical IREs are the core of some micro-sampling AIR accessories. Rod or rod-like multiple 
interna! reflection IREs are often used for on-line monitoring of MquTd processes. 

Multiple internal reflection (MIR) eiements allow the internally reflected radiation in the IRE to interact several or many times 
with the surface layer of the sampfe with which it is in contact, thereby increasing the intensity (effective path length) of the 
recorded sample spectrum. StiJI, the spectrum recorded is characteristic only of the depth probed by a single reflection. The 
number of interna] reflections depends on the length and thickness of the IRE. MIR eiements may be several centimeters in 
length. A typical conflguration for a verticaily mounted 45° angle of incidence IRE may alfow 25 interna! reflections. Today the 
most commonly used MIR systems in the pharmaceutical laboratory are those in which the !RE is mounted horizontaily. These 
are often referred to as H-ATR accessories. MJR systems based on cylindrical rods with cone-shaped ends or similar geometries 
are often incorporated as liquld-sampling devices in flow-through solution cells or are used for on-line process monitoring. The 
trapezoidal-shaped MIR eiements incorporated into H-ATR accessories enabłe orfacilitate study of a wide rangę of sample 
forms, induding liquids, Solutions, dispersions, creams, pastes, waxes, semi-solids and soft powders, continuous fiat surface sol- 
ids, Solutions, films cast from solution, and many morę. Micro- and macro-H-ATR accessories are commerdally ayailabie with 
1, 3, 9, or morę sample-interaction reflections. 

Single-reflection, simple prism, and novel design IREs are also used In commercial H-ATR units. They provide an effectlve and 
convenient means of analyzing and studying sam pies in a diverse rangę of physical forms. In particular, smali contact area, 
single-reflection, fixed angle of incidence H-ATR accessories have become popular no-preparation sampllng devlces within the 
pharmaceutical industry because they provtde a ready means to record, in a simple, quick manner, a mid-lR spectrum from a 
iimited quantfty of almost any condensed-phase materiał Hemispherical IREs act as focusing lenses so that the area sampled is 
generally smaller than that sampled with pnsmatic IREs, Euen though the IRE may be opaque to visible light, many accessories 
listed above allow some form of viewing capability so that the sample under test can be inspected. 

Single-reflection micro-ATR units have the advantage of virtually no requirement for a solid sample to have a uniformly fiat 
surface. The test sample is placed in contact with the IRE sampling area and, if it is a solid, a clamp is used to tompress and 
secure the sample against the IRE. Hemispherical ATR eiements of zinc selenide, germanium, and Silicon also form the sensing 
eiements for ATR objectives that tan be fltted to mld-IR FT-IR microscopes. Several of the accessories are capable of operation 
at controlled elevated temperatures that perm i t, for instance, studies relating to thermally induced, solid-state form transfor- 
mations. 

The hardness, scratch resistance, Chemical inertness, and mld-IR transparenty over a wide wavenumber rangę make the 
Type Ha diamond a unique materia! for ATR measurements. Even though it does have a broad absorption feature between 
approximately 2400 and 2000 on-', for most pharmaceutical applications, this is not prohibitive because this is the region in 
which only characteristic stretchlng bands ottur for trrple and cumulated double bonds. Because of cost, the use of Type lla 
diamond as an IRE materia! is usually restricted to micro-ATR accessories or when the IRE is used as the sensing element in an 
ATR immersion probe for process monitoring. Diamond has a refractlve index that is closely matched to that of zinc selenide, 
so composlte IREs can be constructed. Lower-cost focusing or support optics madę from zinc selenide can be optically inter- 
faced with a Type lla diamond ATR sensing element, thereby minlmlzlng the overall cost of the IRE while stifl benefiting from 
the properties of the diamond. On the basls of this technology, 3- and 9-reflection MIR configurafions have been designed for 
both laboratory systems and process probes. 
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Extemai Reflection Spectroscopy 

Several types of external reflection IR spectra can be measured. Among them are Fresnel reflection, transflection, reflection- 
absorption spectroscopy, and pbotoacoustic spectroscopy, but with the exception of diffuse reflection they are not widely 
used in pharmaceutical applieations. 

Diffuse Reflection 

Spectra recorded from powders or falrly fine granular samples are known as diffuse reflection (DR) spectra. Most of the spec* 
trum originates from radiation that has penetrated through the surface of the sample and has been transmitted through multF 
ple particles, A relatfvely smali fraction of the DR spectrum originates from radiation that has been reflected from the front 
surface of the samples and therefore has the shape of a Fresnel reflection spectrum. Because the shapes of bands in mkMR 
Fresnel reflection spectra are asymmetrical, the fraction of Fresnel reflection that contributes to a DR spectrum should be re* 
duced to be as smali as possible. This may be achieved in a number of ways, the most important and commonly used of which 
is to dilute the sample by mixing it with 90%-99% of a nonabsorbmg diluent such as finely powdered potassium bromide or 
potassium chlonde. The sample dilution has the added benefit of reducing absorption band intensities to an appropriate leveL 

DR spectra largely result from photons that have been transmitted through tens to hundreds of particles and, therefore, 
have an appearance similar to that of transmission spectra* However, DR spectra do not obey Beer's Law, Instead, the DR spec¬ 
trum measured at infinite depth, (i.e*, band intensities do not change if the thickness of sample is increased), is converted 
by the Kubelka^Munk function: 

f ( R *) =i—iL (4) 

The function f(RJ is equal to the ratio of the absorption coefficient to the scattering coefficient of the sample. DR is usually 
calculated by taking the ratio of the single-beam spectrum of the diluted sample to the smgle-beam spectrum of the neat di¬ 
luent. Ideafly, the sample is ground to the point that the average particie diameter is <5 pm. The sample-diluent mixture is 
thick enough that any increase in its thickness does not lead to a change in the spectrum. Samples measured in this way are 
sald to be measured at infinite depth, and the reflectance is given the symbol, R r ~ For mid-IR DR spectrometry, the infinite 
depth criterion is usually obeyed when the thickness is at least 100 pm, but to be eonservative the depth of most samplmg 
cups for mid-IR DR spectrometry is at least 1 mm. 

A common way of preparing samples for DR spectrometry js to overfill the cup and to !evel the sample with a spatufa or 
razor blade, However, this way of preparing the sample car lead to a difference between the scattering coefficient near the 
surface and in the bulk of the sample. Because the intensity of DR spectra depends on the scattering coefficient, a better sam¬ 
ple preparation procedurę is to slightly overfill the cup and to tap the base of the cup on a bench until the top surface is levef 
with the rim of the cup. 

Several types of accessories are used for the measurement of DR spectra. On-axis, or bright-field, DR accessories are similar 
to very efficient specular reflection accessories. They are the most effident devices for the measurement of DR spectra but gen¬ 
eralny give the least rejection of Fresnel reflection. Off-axis, or darkTield, DR accessories are less efficient than on-axis devices 
but reject specular reflection morę efftdently, Compound parabolic concentrators also have been adapted for DR measure- 
ments and appear to be intermediate in efficiency and Fresnel reflection between on-axis and off-axis accessories. Finally, inte- 
grating spheres have been used for DR spectrometry. These devices are the most accurate photometrically but are the least 
efficient. 

MICROSPECTROSCOPY AND IMAGING 

Transmission Microscopy 

In any microscope, the area of a sample under study is defined by one or morę remote masking apertures mounted at fo- 
cused image planes conjugate to the sample focus piane. If the sample is mounted on a computer-controlled x-y stage, then 
successive neighbonng or spedfied regions can be measured sequenttally. These single-point spectra can be used to generate 
absorbance-intensity contour maps or false-color images that highlight differences or inhomogeneities across the area map- 
ped. Such maps can also be generated by moving the sample manuał ly, but this procedurę can be very time consuming. The 
linear dimension of the smafiest sample that can be studied by mid-IR FT-IR microscopy is approximately equal to the wave- 
length, i.e., approximately 10 pm. In practice, one can usually record a single-point spectrum of acceptable signal-to-noise 
ratio (SNR) and spectra I resolution within a reasonable time-scale from a masked sample area of 10-pm diameter in about 1 
min. For mapping over a rełatively large sample area, where hundreds or even thousands of spectra are needed, a much morę 
time-efficient process is to use an FT-IR microscope eguipped with an array detector. Variable-tempera turę studies with ther- 
momicroscopy observations and variable-temperature studies undertaken on an FT-IR microscope can be particularly useful for 
studying solid-state form and thermally induced transitions in situ. 
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As with macroscopic sampling, mScro-samples presented for transmission FT-IR microscopy measurements slioufd be fiat. For 
a fuli mid-IR fingerprint spectrum, they shoufd be of an approprlate thickness which, in the case of many APls, may regutre a 
sample of approximately 10-pm thickness or less, Compression cells are particularly useful for thinning a sample. A thinned 
sample can be examined under compression or (less preferably) with the top window of the celi removed and the thinned 
sample examlned while supported on the bottom window. A good practical means of providing an appropriate sample from 
which to record a singfe-beam background spectrum is to mount a smali particie of potassium bromide alongside the sample 
and thin both by compression under the same conditions. The single-beam spectra of the sample and reference matenals then 
can be measured under the same conditions simply by movEng the compression celi using the x-y stage of the microscope. 

Many continuous solids such as polymers used in packing or fibers found as contaminants can be prepared to an appropri¬ 
ate thickness and examined in a compression celi by FT-IR microscopy, Rolling with a tool specificaliy designed for this purpose 
can also sometimes decrease the thickness of softsamples. Laminated samples can be sectioned using a microtome and can be 
examined either free-standing or supported on an IR-trampa rent window. Analysts commonly use a microtome to get a cross- 
section from a mufti-layer poły mer laminate film so that its layer structure can be analyzed by FT-IR microscopy. 

Reflection Microscopy 

Ali major types of reflection spectroscopy discussed above can be impfemented on microscopes. Most microscopes have op- 
tical configurations that enable them to be switched from transmission to reflection measurements if the operator switches a 
simple fllp mirror, The angle of incidence for these measurements is usualfy between 30° and 45° so that both Fresnel reflec¬ 
tion and transflection measurements can be carried out easily. In contrast, special microscope objectwes are required for ATR 
or reflection-absorption spectrophotometry. 

For ATR microspectroscopy, the sample under investigation is supported on the microscope stage, and the ATR objective is 
lowered until the IRE is in opticai contact with the uppermost surface of the sample. Reproducible contact pressure can be 
achieved by the use of a pressure gauge. A disadvantage of using a germanium IRE is that, unfike zinc selen ide, it does not 
transmit yśsible fight, which precludes in situ visual inspection of the sample. ATR mapping using a computer-controlied map- 
ping stage in a manner anaiogous to that of transmission mapping is afso possible, but this is usually restricted to soft maten¬ 
als. 

Hyperspectral Imaging 

The term hyperspectral imaging came into use to deseribe the process whereby a focal piane array (FPA) detector is used to 
record simultaneously an array of spectra from a statlonary sample. Each prxel of the array records a spectrum of a different 
region of the sample. This approach is a much morę time-efficient process than single-point mapping if many spectra are 
measured from a large sample area. Typical array sfzes for mid-IR applications are 256 x25ó, 128x 1 28, and 64 x 64. The Indi- 
vidual mercury cadmium telluride (MCT) detector elements (pixels) of most FPAs are 6.25 pm x 6.25 jim. The detectors that 
are incorporated in the FPA are photovoltaic (PV) detectors, unlike the single-element photoconducdve (PC) MCT detectors 
that are used for many FT-IR measurements (see below). Whereas PC MCT detectors opera te at least to 750 cm- 1 , PV detectors 
that are Snstalled in FPAs typically have a Iow wavenumber cut-off in the region of approximately 900 cm- 1 . Advances in digital 
electronics and FPA design enable 64 x 64 MCT FPAs to be used with an FT-IR spectrophotometer operating in the morę eon- 
ventional continuous-scan modę. The Ihree-dimensional array of data sets, two spatial and one spectraI, recorded in such an 
Imaging measurement has become known as a hypereube or data cube, 

An alternative way of hyperspectral imaging that is now commereially availabie is a hybrid approach in which a linear array 
of smali PC MCT detectors is used in combination with a computer-controlied mapping stage. Adjacent regions are rapidly 
repositioned under the array detector until the fuli spatial region of interesi has been covered. The fuli field image is built up as 
a mosaic of the individual area images recorded. In one system, which incorporates a 1 6-detector linear array, the lower wave- 
number cut-off is approximately 700 cm- 1 . 

SNSTRUMENTATION 

The majority of mid-IR spectra are measured with an FT-IR spectrophotometer. These Instruments generally incorporate an 
incandescent Silicon Carbide (Clobar®-type) source. The radiation emitted by the source is coilimated and passed into a contin¬ 
uous scanning two-beam interferometer. The ratę of change of opticai path difference in the interferometer (usually known as 
the opticai velodty) is typically on the order of 0.2-5.0 cm s~\ The actual value depends on the detector and the analog-to- 
digital converter (ADC), The beam emerging from the interferometer is then focused at the center of the sample compartment 
of the spectrophotometer by an off-axis paraboloidal mirror. After being transmitted through, or reflected from, the sample, 
the beam is focused on to the detector. This stgnal is cal lec an interferogram. The interferogram is a record of the variation of 
the AC component of the energy incident on the detector as a function of the opticai path difference (retardation) of the inter¬ 
ferometer. The Fourier Lransform of the interferogram is the single-beam spectrum, 

The measurement usually involves passing a laser beam through the center of the interferometer, with the resuiting sinusoi¬ 
da I interferogram measured by a detector of visible radiation at the same time the IR interferogram is measured by the IR de- 
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tector. The usual laser used for this purpose is a hellum-neon (HeNe) laser with a waveJength of 632.8 nm (15,802 cnr 1 ), This 
laser interferogram allows the exact position of the moving optical element in the interferometer to be determined. In FT-IR 
spectrophotometers equipped with an ex terna lly triggerable ADC, the IR signal is digitized at each wavelength of the laser m* 
terferogram, typicaJly at the zero crossings, if the IR interferogram is sampled once per waveiength of a HeNe laser, the spec¬ 
tral rangę is restricted to 0-7901 cm- 1 , i,e v one-half the wavenumber of the laser In some contemporary FT4R spectropho¬ 
tometers, a sigma-delta ADC is used. These ADCs sample the interferogram at constant time intervals rather than at constant 
Intervals of optical path difference, but they have a greater dynamie rangę than do extemally triggered ADCs. In the latter 
case, the instrument'5 software caleulates what the value of the interferogram would have been at the laser zero crossings. 

In obtaining the spectrum of a sample, the singJe-beam spectrum of the sample and an approprlate reference are measured, 
and fhe ratio of these two slngle-beam spectra is calculated, If the spectrum is obtained In the transmission modę, the ratio rs 
known as the transmittance spectrum, T(v). For many measurements, the negative logarlthm of T(v) is calculated to give the 
absorbance, A(tf). If the sample Is interrogated in the reflect on modę, the ratio is the reflectance spectrum, /?(v). For ATR, 
transfleetion and reflection-absorption measurements, R{v), are usually converted to absorbance in the same way as for trans¬ 
mission spectroscopy. Conversion to A(v) is essential for quantitative measurements. For Fresnel reflection measurements, fi(r) 
is often subjected to a Kramers-Kromg transformation toyield the absorption index spectra, k(v\ and the refractive index 
spectra, n(f). For mid-IR diffuse reflection measurements, R(v) Is usually converted by the Kubelka-Munk function (see Equation 
4). 

The standard detector used in FT-IR spectrophotometers is a room-temperalure pyroelectric bolometer, most commonly 
deuterated triglycine suifate (DTGS) or deuterated L-alanine-doped triglycine sulfate. These detectors respond to IR radiation of 
all wavelengths, and their Iow wavenumber cut-off is determined by the window behind which they are mounted. The win- 
dow is typically selected to match the materiał on which the beamsplitter is depostted and is usually potassium bromide, so 
that the rangę is restricted to 400 cm*\ 

When the sensitMty of pyroelectric bolometers is inadequate, e.g,, for measurements madę through a microscope or with a 
gas chromatography interface, the morę sensitive MCT detector is used. MCT detectors are generalJy operated in the photo- 
conductive modę and are usually cooled to 77 K with liquid nitrogen (LN^). Thermoełectricaliy cooled MCT detectors are avail- 
able, but their Iow wavenumber cut-off is usually well above 1000 cm- 1 , and they are not as sensitive as LN r cooled MCT de¬ 
tectors. Liquid nitrogen-cooled indium antimonide (InSb) detectors can also be used, These detectors are morę sensitive than 
MCT but have a cut-off at 1800 errr 1 . 

Two problem* with MCT detectors should be notęd. First, betause they are morę $ensitive than DTGS detectors, they should 
be used only when the sample or sampling accessory attenuates the beam by at least a factor of 10. Otherwise, the ADC will 
be overloaded and the photometric aceuracy of the spectrophotometer will be seriously affected. II the instrument is eguipped 
only with an MCT detector (a rare circumstance), a neutral-density filter can be mounted in the spectrophotometer beam to 
reduce the energy of the beam at the detector to an approprlate leveL Second, even when the ADC is not saturated, the re- 
sponse of MCT detectors is often nonlinear at high signal levels near the centerburst of the interferogram, The effect of this 
nonlineanty is to cause the basełine of the calculated single-Deam spectrum to be displaced from zero. This effect can be seen 
readily when one plots the stngle-beam spectrum between 0 and 4000 cm-’. If the average energy in the single-beam spec¬ 
trum between, for instance, 400 and 300 cnrr 1 is above or beiow zero, the detector is responding in a nonlinear manner in the 
region of the centerburst, and the photometric accuracy of the measitrement is degraded concomitanlly. Some vendors sup- 
ply software to correct for this effect, but in generał the signal should be reduced by insertlng a neutraf-density filter, not an 
aperture stop, in the beam. 

FACTORS THAT IMPACT MEASUREMENT PERFORMANCE 

Spectral Resolution 

The main factor that affects the resolution of an FT-IR spectrophotometer is the maximum optical path difference of the in¬ 
terferogram. The nominał resolution, Av # is the reciprocal of the maximum optical path difference. 

The dfvergence angle of the beam passing through the interferometer may also degrade the resolution. The effective colli- 
mation of the beam that passes through the interferometer is determined by the limiting aperture of the optical system. In 
instrument* designed for high resolution (Ar>0.5 cm- 1 }, an adjustable aperture that serves the same purpose as the entrance 
aperture of a monoehromator is installed at a focus between the source and the interferometer. As the desired resolution Is 
inereased {i.e., Av rs madę numerieafly smaller), the diameterof this aperture, which is known as the jacquinot stop or |-stop, rs 
decreased, making the divergence angle of the beam In the interferometer smafler; however, this procedurę may inerease the 
noise in the spectrum, In lower resolution Instruments (typicaJly those with a maximum resolution of 1 or 2 cm- 1 ), the detector 
$erves the purpose of the }acqulnot stop. 

\f the true full-width at half-height of the bands or lines in the spectrum is less than Av, side lobes are seen on each narrow 
spectral feature. These side lobes can be eliminated by apodization, Le. # multiplying the interferogram by a function that is 
equal to 1 at the centerburst and decays monotonically with optical path difference, Besides reducing the amplitudę of the 
side lobes, apodization also has the effect of degrading the resolution (broadenmg the bands). When an interferogram is not 
weighted, it is often (incorrectly) said to be apodized with a boxcar apodization function, although a better term would be a 
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boxcar truncation function. The selectron of apodization function should be madę on the basis of the purpose of the experi* 
ment, but it is usually limited to a few choices. 

The Norton-Beer weak, medium, and strong apodization functions give the optimum combination of slde-lobe amplitudę 
for a loss In resolution of 20%, 40% y and 60%, respectively. The Norton-Beer medium apodizatlon function is generally ap* 
propriate for many measurements of condensed-phase sampies. The Happ-Genzei apodizatlon function is aiso a nearly optl* 
mai function that degrades the resolution by about 50% (i.e., it is midway between the Norton-Beer medium and strong 
functions), A commoniy avaiiable function rs the triangular apodization function. This function has the effect of causing signifi- 
cant deviations from Beer r s Law and is not recommended, 

Wavenumber Accuracy 

The main factors that affect wavenumber accuracy are the alignment of the laser and IR beams rn the interferometer and the 
divergence of the beam passing through the interferometer as observed with the IR detector One might think that because 
the wavenumber of the laser beam is known very accurately, the wavenumber scalę of a spectrum measured on an FT-IR spec* 
trophotometer should be known to equal accuracy. However, the laser beam is highly collimated, whereas the beam from the 
IR source is not (a collimated beam can be obtained only from a point source). Because both the source and detector have a 
fi nile size, eguat accuracy (of the wavenumber of the laser beam and the wavenumber scalę of the spectrum measured) is nev- 
er the case. As the diameter of the Jacquinot stop is decreased, a smali wavenumber shift (always less than 0.25 Af) will be 
observed> When the diameter of a sample is less than the diameter of the beam focus in the sample compartment or the sam- 
pling aecessory, the effect is also to vignette the beam (i.e., to stop the beam down), and a smali waveiength shift will be 
observed. 

Photometric Accuracy 

The main factor that affects the photometric accuracy of FMR spectrophotometers is the lineahty of the detector response. 
As noted above, the response of pyroelectric bolometers usually varies lineady with the energy on fhe detector, but this is not 
the case for MCT detectors. With MCT detectors, the best way of detecting photometric error is measurement of the nonphys- 
ical energy in the single-beam spectrum beiow the detector cut*off> 

Sensitivity 

The sensitivity of the instrument can be determined by measuring two single-beam spectra under exactly the same condh 
tlons and calcu la ting their ratio to produce what is commoniy known as a 100% linę. The noise level in different spectral re- 
gions can be estimated either as the peak-to-peak noise, .e„ the difference between the maxrmum and minimum values of 
the percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise, i.e., the standard deviation of 
the spectrum in that region. The RMS noise !evel ts the preferred mętne because this caleulation involves all the data in the 
selected region rather than just the two most deviant points. An exampfe of suitable measurement conditions to test the sensl- 
t«vlty of an FT-IR spectrophotometer eguipped with a DTG5 detector are 16 co-added seans, a resolution of 2 cmT and Nor¬ 
ton-Beer medium apodization. The most commoniy used spectral region is 2200-2000 cm 1 because (a) this is where the per¬ 
formance of most mid-IR spectrophotometers ts highest, and (b) no common atmospheric interferent such as water or carbon 
dioxide absorbs strongly in this region. However, other regions should be tested close to the ends of the spectrum, such as 
650-450 cm- 1 and 4000-3800 cm- 1 . The SNR of the spectrophotometer operating with certarn parameters in a given spectral 
region is estimated as 10G/(RMS noise levei in percent transmission). 

Beer's Law Linearity 

For quantttative measurements, the spectrum is measured at a resolution that is at least twice as narrow as the narrowest 
band in the spectrum. The use of either the Norton-Beer medium or Happ-Genzel apodization function is recommended. For 
optimal photometric accuracy, the maximum absorbance of the analytioal bands is no greater than 1.0 absorbance unit. High- 
er absorbance values can be toferated with certain combinations of resolution and apodization functions. The effect of band 
width and peak absorbance on Beeds Law linearity for strong bands depends on the resolution and apodization function, and 
should be validated on a case-by*case basis. 
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(1857) ULTRAVIOLET-VISIBLE SPECTROSCOPY—THEORY AND 

PRACTICE 


THEORY 

Ultraviolet-visible (UV-Vis) spectroscopy is an electronic transition spectroscopic technique in which the interaction between 
incident radiation and dectrons results in the promotion of one or morę of the outer or the bonding electrons from a ground 
State into a higher-energy state. This quantum effect results in a specific absorption of radiation, the freąuency and wavelength 
of which are governed by the equation: 

E=hv**(hcłX)xVP 

where; 

£ = energy 

h - Planck's constant (6.63 x 10 M /s) 

v= frequency (Hz), related to the energy ohange A£, indueed when electromagnetk radiation is absorbed (AE- hv per 
photon) 

c = velodty of light (2.998 x 10 a ms ł ) 

X = wavdength (nm) 

Even the simplest molecules have a farge number of discrete energy fevels and dosefy spaced levels adjacent to them caused 
by atomk vibratton within the molecule. Overlap of these vibrational bands onto the electronic spectrum causes the measured 
spectra to appear as a broad, bell-shaped peak, As a generał rule, most molecules absorb somewhere in the UV-Vis region. The 
greater the extent to which the p dectrons are ddocalized, the longer the wavefength of the first absorption band, Le. # the 
band of lowest energy and longest wave!ength. 

Derivative Spectroscopy 

The advantages of derivative spectroscopy as an analyticaf tool have been known sińce the 1950s. Before the availabifity of 
the personal Computer, generating derivatlve spectra electronically was comple* and difficult, and for this reason the tethni- 
que was rarely used* The introduction of microcomputers in the late 197Gs simplified the generation of digital spectra and the 
associated mathematicai mampulations reguired to produce first- and higher-order derivatives, This significantty inereased the 
use of the derivative technigue. 

Derivative spectroscopy uses first or higher derivatives of absorbance (A) with respect to wavelength for qualitative analysis 
and for quantitation where: 

A - f(X) Zero order 
8A/8X = f l (k) First-order denvative 
8 2 A/8X 2 ~ f"(X) Second-order derivative 
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Figurę 1 * A Gaussian absorption band and its firsf to fourth derivatives, 

A first-order derivative is the ratę of change of absorbance with respect to wavelength ( Figurę 1). A first-order dęrivative 
starts and frnishes at zero* It also passes through zero at the same wavelength as of the absorbance band. On eitherstde of 
this point are positive and negative bands with a maximum and minimum at the same waveiengths as the infiectton points in 
the absorbance band, This bipoJar funcfion is characteristic of all odd-order derivatives, 

First-order der3vatives are used prindpally for background absorption minimization or elimination for measurements on tur- 
bid, scattering Solutions and suspensions and for analysis of tracę components in compiex absorbing matrices* 

The most characteristic feature of a second-order derivative is a negative band with minimum at the same wavelength as the 
maximum on the zero-order band* A second-order derivative aEso shows two additional positive satellite bands on either side 
of the main band. A fourth-order derivative shows a positive band. A strong negative or positive band with a minimum or 
maximum at the same wavelength as of the absorbance band is characteristic of the even-order derivatives. 

Higher-order (second and higher) derivatives can be used to: 

e enhance resoiution of overlapping peaks for the separation of superimposed spectra—particularfy usefut in multicompo- 
nent analysis 

* assist quantitative determination of tracę components 

* aid characterization of individual pure compounds, particularfy for archivfng purposes and for complementing the Infor¬ 
mation obtained from other techniques such as snfrared, nuclear magnetic resonance, and mass spectroscopy 

■ assist in purity testing of products 

Notę that the minimum number of bands observed is equa3 to the derivative order plus one. 

SNSTRUftflENTATION 

All modern UV-Vis measurements involve detecting and measunng the intensity ratio of the radiation at a certain wave- 
length in Ehe presence or absence of the absorbing sample. Figurę 2 is a schematic of a double-beam spectrophotometer. Dis- 
persion of light to achieve the desired resoiution can ooeur before or after introduction of Lhe sample, but all commercial UV- 
Vis instruments share the foliowi ng features to perform these functions: 

* continuum source 

* monochromator or polychromator 

* samplmg area 

* detector 
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^—— | Reference | - 1 Deiecior | — ■—[ 

1 F?ślio | — fo^l) 

--— [ Sarnpfe| - 1 Detectcr j —■— 1 

Figurę 2. Typical double-beam spec trop ho tom eter, 

Care must be taken to ensure that the sampie is not degraded by the inddent light beam and that any heating effects are 
minimized. This is particularly important when diode-array instrument* are used because the sampte is irradiated at all wave- 
lengths. 

Continuum Source 


(g)- 


Monochromator 


Iwo major types of continuum source are currentiy in use: continuous and pulsed, Continuous sources include tungsten hal¬ 
ogen for visible, deuterium are for UV, and xenon arc for both, The source for pulsed radiation is the xenon flash lamp. Many 
UV-Vis instrument systems use a combination of deuterium and tungsten halogen to effectively cover the UV and visible re- 
gions, respectively. By necessity, source selection is achieved either by the use of a mirror or by physjcal movement of the 
lamps. This change usually is performed in the region of 320-350 nm y and thus qualification of the system must be performed 
using both source and mirror positions. Systems based on xenon lamps have the benefit of a single source and a higher energy 
output, but they are morę expensłve, 

Monochromator 

The wavelength scalę can be encoded by either a scanning monochromator or a grating polychromator (see Figurę 3) t as is 
the case for spectrophotometers eguipped with finear or two-dimensional array detectors. A discussion of the specific benefits 
and drawbacks of each of the dispersive designs is beyond the scope of this generał chapter. Any properly guaiified instrument 
should be suitable for qualitatrve measurements, Care must be taken when selecting an instrument for quantitafive measure- 
ments because dispersion, response linearity, and stray light may not be uniform across the fuli spectra! rangę. 



Figurę 3, Grating monochromator. 


Sampling Area 

Numerous sampling arrangements are avaifable in addition to the celi holders that are designed to accommodate various 
path-length configu rations based on conventional rectangular cells. These include flow cells, fiber-optic-based immersion 
probes, mtcro-well piąte configurations, and automated sarrple changers, among others, Considerations such as sampling vol- 
urną speed of measurement, and reprodudbtlity of sampie presentation should be evaluated to optimize the sampling device 
for spedfic applications* 


Detector 

Photoelectric detectors, which are the most common form of LJV-Vis detectors, generate an electric current that is directly 
proportional to the intensity of the radiant energy inddent upon them, They may take the form of photosensitive semiconduc- 
tor devites, either discrete detectors, iinear or two-dimensional arrays, or photonuiltipliers. Photosensitive semiconductor devi- 
ces include soJid-state photodiodes, charge-toupled device arrays (CCDs), and phototransistors. The most common semicon¬ 
ductor materiał is Silicon, which is sensitive to wavelengths of 400-800 nm, but some Silicon devices have extended sensitivity 
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from as short a wavelength as 190 nm to as long a wavelength as 1100 nm. The dynamie response of these detectors typicaliy 
is four orders of magnitude, Most array detectors are madę of Silicon and hence have a stmilar wavefength response. Other 
semiconduetor materia Is can provide wavelength response to several m terometers. 

In contrast, photomultipliers are vaeuum detectors that have a photocathode in which photon energy releases electrons that 
are directed by the field applied to eleclron-sensitive plates. By a cascade effect, these dynodes amplify the electrons reieased 
initialiy by the absorption of the incident radiation. Photomultipliers have typicai wavelength responses of 160-900 nm, ab 
though some photocathode materials can provide response to htgher wavelengths. The dynamie response of these detectors 
typicaliy is srx orders of magnitude or higher. 

Alternative UV-Vi$ Detector Configurations 

DIODE-ARRAY INSTRUMENTS 

In a diodę array, the optical configuration is reversed frem that in a conventional spectrophotometer, and the light beam 
passes through the sample before being dispersed by the polychromator. This gives the benefit of fast, fuli spectra! data with 
no moving parts that can wear out. The perception is therefore that diodę arrays are morę relEable than other detectors. This is 
true, but the reverse-opttcs design requires that botli the sample and optics before the dispersing element (usually a grating) 
are subjected to the fulbspectrum radiation also encountered by these components in a conventional spectrophotometer. In a 
conventional spectrophotometer, the sample and optics are outside the monochromator, and optical beam deflection and/or 
scattering simply reduces the intensity of the light that enters the monochromator In an array-based spectrophotometer, de- 
fiection occurs within the monochromator, causing scatter within the confined environment and an associated increase in 
stray light that leads to a reduction in optimum photometric rangę. 

HPLC DETECTORS 

The design of a UVA/is spectrophotometer is always the result of a number of considered compromlses. For example, optical 
performance (absolute wavelength resolutton) is governed by the focal length of the monochromator, which in turn dfetates 
the physical size of the instrument. In the case of HPLC detectors the need to provide a high-stabillty, Iow signal-to-noise ratio 
output at high transmittance levels through a small-aperture flow celi reguires that by design these systems may not have the 
dynamie rangę or wavefength accuracy of their conventionaI spectroscopic counterparts. 

FIBER-OPTIC-BASED MODULAR SYSTEMS 

In reoent years there has been a rapid increase in the availability and use of systems built around the ability of fiber optics to 
channel and multiplex optical systems, Although these systems have the advantages of ffexibility and ease of use and they al- 
low measurements to be performed on mitro-plates, customized systems, etc., analysts must consider the foliowi ng disadvan- 
tages: 

• Some analysts assume that these array-based fiber-optic systems are immune to room light interference at the sample in- 
terface, which may or may not be true. This assumption is easily tested by using a black photographic fifm-changing bag 
or a simple black cloth. Use of a masking technique should not change the measured value if the assumption is true. 

• Custom-built systems do not have additional shuttering, stray light filtering, and other capabilities that arefound in com- 
merciafly designed spectrophotometers, and thus their performance characteristics, Le„ the optimum photometric rangę, 
may be significantly reduced. 

• Light levels transmitted directly down fibers from high-intensity sources such as Xenon flash lamps may cause photode- 
gradation. In simple self-buflt Systems, the source may be coupled by fiber directly to the sample interface, and the only 
control is the source on/off switeh. 


CALI BR ATI ON 

UV-Vis instrument calibration invofves two components: primary waveJength (x-axis) and intensity (y-axis), and often is per¬ 
formed when the instrument is initialized. Most dispersive UV-Vis Instruments use atomie emission lines from either the source 
ora secondary lamp for primary wavelength (x-axis) calibration, in addition to Ehe zero-order position in the monochromator. 
Depending on the vendor'5 configuration of the instrumert, these calibration procedures may be available to the user. Calibra¬ 
tion of the photometric scalę (y-axis) is critical for sueeessful guantitation and method transfer between instruments. Although 
the fundamental measurement relies on a simple ratio measurement, modern instruments may use several gain settings or am- 
plification factors to ensure a linear detector response, particularly at Iow intensity levels and high power settings. These gain 
settings often are initialiy set by the manufacturer, but the settings may be recalibrated as the optics age or as other changes 
take place. 

Detailed functronal validation based on certrfied reference materials is recommended to demon stratę the suitability of labo- 
ratory instruments, even for instruments that possess an interna! calibration capability. The use of external reference materials 
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does not obviate the need for interna! quality contro! procedures. Rather, it provides independent documentation of the fitness 
of the instrument to perform the specific analysis. 

ANALYTICAL CONSIDERATIONS 

Instrumental Factors 

SPECTRAL BANOWI DTH 

Because most spectrophoto metric procedures reguire gcod spectra! resolution, the spectra! bandwidth is of great impor- 
tance. Analysts should use the narrowest slit width that will provide an adequate signaUto-noŚse ratio because optimum resolu- 
tion is achieved when the signako-noise ratio is maximized. If access to a variable-bandwidth instrument Is available, then the 
optimum setting can be defined as the largest bandwidth at which no significant reduction in peak intensity is observed. fn 
practrcal terms for molecules of pharmaceutica! interest in sotution, a spectra! bandwidth of 2 nm is considered adequate. 

5TRAY LICH! 

Stray radiation, commonly referred to as stray Itght, can be defined as radiant energy at wavelengths other than those mdi- 
cated by the monochromator setting and all radiant energy that reaches the detector without having passed through the sam* 
ple or reference Solutions (see Figurę 4), It may be caused by any scattered radiation from imperfections in the dispersing medi¬ 
um, which commonly is a grating. The use of a hoiographk grating substantially reduces the levetsof this source of stray radi¬ 
ation. Higher-quality ruled gratings yieid a Iow levei of scattered radiation. In higher-performance Instruments, stray radiation 
can be reduced by the use of double monochromators or couble-pass monochromators. Stray radiation, or apparent stray ra* 
diation, also may be caused by light leaks in the system, incorrect wavelength calibration, incorrect opticaf alignment, reduced 
source output, or reduced detector response. 



0 1 2 3 4 5 

Measured absorbance (A) 

Figurę 4. Effect of stray light on measured absorbance. 

OPTIMUM WORKINC PHOTOMETRIC RANCE 

Determrnation of the optimum photometric rangę h fundamenta! to establishing the capability of a given instrument before 
and during method va!idation. The importance of this procedurę can be shown by the fact that in 1945 Vandenbelt et al. {!) 
attempted to establish the optimum absorbance rangę on the then-new Beckman DU spectrophotometen They suggested a 
simple approach in which the molar absorptivities of various compounds are measured at different concentrations. This ap- 
proach is shown theoretlcally in Figurę 5, where the center plateau is used to define the photometric rangę. 


General Chapters 
































General Chapters 


2234 {1857) U11 r avio I et- Vi sib I e Spectroscopy / General Information 


USP40 



Figurę 5. Theoretical photometric response curve. 


In practice, data are morę variable. Figurę 6 shows three typical curves. 



Figurę 6. Molar absorptivity vs, absorbante for 3 compcunds: (a) agueous potassium nitrate measured at 301 nm, (b) potas¬ 
sium chromate in 50 mM potassium hydroxide at 373 nm, and (c) potassium chromate in 50 mM potassium hydroxide at 273 

nm. Redrawn wkh permission from (2), 

A morę rigorous method for estimating an instrument^ region of maximum predsion is git/en by Youmans and Brown (3)* 
The error in the measurement of the concentration of a sdution of transmissson T can be expressed as: 

1 T 

Ac-- Jog— 31 '- 

™ *mln 

where Ac is the change in concentration, e is the molar absorptivity of the compound, b is the path length, and T m and T mifJ are 
the mean and minimum values, respeotively, from a series of n measurements on the same sample* 

The statistical error ts (see Figurę 7)\ 

_, og I^ 

c -logT n „ T nm 
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TransmEttance (%) 
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Absorbance 

Figurę 7. Youmans and Brown plot. Redrawn with permission from (2). 

The noise levels^ and hence the precision of measurement, depend primarily on detector noise type, as shown In Figurę 8. 



Standard deviatiovi of a Source of variability Reiative error function 

measurement a T 

Thermal detector* amplifier 

ctji m ic l and dark current noise. 

[Independent of T] 

a T m tJt* + T Shot noise from the detector 

Celi positionmg, no n- 

a T = k^T paraUelism errors and incident 

beam intensity fiuctuaiions 


Oj- _ 0.4343 
C Iog 10 7 T 


o, 0.4343 Ł 

--- 7*1 


c e _ 0 4 343 , 
c "log n T 3 


Figurę 8. Measurement precision as a function of noise type< Calcu lated and redrawn with permission from (4), 
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Both approaches clearly show that in addition to the expected mcreasmg error at higher absorbance levels caused by stray 
light and other factors, there is a similar, if not larger possibility for increasing error at Iow absorbance levels caused by instru- 
mental yariances in the form of noise from the detector, source, etc. Thfs variance often is overlooked in the desire for econo- 
my of scalę, when analysts use smaller samples and shorter path lengths and therefore ]ower measured absorbance va!ue$, 

Sampte-Based Factors 

The most important sample-based factors that negadvely affect quantitative UV-Vis spectrophotometry are ffuorescence and 
light scattenng. If the sample matrix includes Fiuorescent compounds, the measured signal usually will contain a contribution 
from fluorescence. The wavelength rangę and intensity of the fluorescence depend on the Chemical composition of the fluo- 
rescent materiał. Suspended particles scatter light by the Tyndall effect, caustng a decrease in the measured intensity that in- 
creases as the wavelength decreases, Unless there is no alternative, absorbance should not be determined on turbid samples, 
Procedures for removing turbidity include filtering, centrrfuging, or flocculating the sample and are performed before any ad- 
ditional procedures that generate a ehromophore, provided that they do not affect the concentration of the analyte or the 
chromophore in the test solution. Any measurements performed on a turbid solution are highly instrument specific and can be 
used onty for comparatiye purposes fn the same system, A further complication can arise at higher analyte concentrations with 
respect to the coordination chemistry and system matrrn, łonie associaiion, comp!ex formation, and similar factors can cause 
deviation from the expected linear response, 

Sampling Factors 

CELLS 

Quantitative absorbance measurements usually are mace on Solutions of the substance in liquid-holding cells, The most 
common celi path length is 10 mm, atthough path lengths from 0.01 to 100 mm are commercially avai!able (see Figurę P), For 
samples with Iow absorbance, Emproved sensitivity generally can be obtained by inereasing the celi path length. For example, 
the theoretical absorbance of a solution in a 50-mm celi is greater by a factor of five compared to the same solution in a 10- 
mm celi. Errors in absorption readings arising from celis almost always are caused by dirty Windows that can absorb a sEgnifi- 
cant proportion of the inoident light beam. Less frequent causes of error are an incorrect choice of celi materiał for the wave- 
length required, e.g,, use of glass celis less than 320 nm, nonrepeatability of celi positioning, differences in celi window thkk- 
ness, nonparallel optrcal Windows, or impurities in celi window materjals, A ID-mm celi manufactured with a ±0.05-mm toler- 
ance will add a 0.005 A contribution to the overall uncertainty, when measuring absorbance yalues at the 1 -A level. Ten-mm 
celis with a ± 0.01 -mm tolerance are commercially available, As a generał guide, the celi chosen should have a transmittance 
value of > 75% when filled with the appropriate solyent and measured at the wave!ength of interest. 



Figurę 9, Commonly used celt types: 10-mm regular, low-yolume, and flow celis (from left to righf), 

Analysts can mitigate the variability introduced by celis by adhering to the following set of best practices. CarefuJIy clean 
celis before use, and storę them in a manner that avoids contamination when they are not in use. Celis in frequent and repea- 
ted use, e.g„ flow celis, can be stored wet in high-purity water or 1% (v/v) nitric acid, Do not use cracked or scratched celis. 
Wipe celis carefully with a soft, clean, lint-free doth before they are placed in the spectrophotometer, Do not use lens-tlearting 
paper or any other form of paper cleaning tissue because these will either scratch or allow contamination of the optical face, 

It is preferable to use a single celi for afl measurements af both the reference and samples, When seyeral sample celis must 
be tested against one reference celi, they all should be closely matched in their characteristics, Whenever possible, measure 
standards and samples at the same time and under the same conditions to mtnimtze the potential for bias. The reference celi 
should contain the same solyent as the sample celi and should be checked against the sample celi at all wavelengths at which 
measurements are reguired, Analysts can apply corrections for differences between celis to absorbance readings obtaEned from 
the Solutions under examination. The maximum allowable correction is ±0.01 absorbance unit. Best practices include using 














USP 40 


General Information / (1857) Ultravrolet-Visible Spectroscopy 2257 


the same celi in the reference beam with the same face incident to the light beam, and flushing the sample celi three times 
with the sample solution before the finał filling before measurement The use of flow cells effectively addresses many of these 
cell-handling and cell-filling issues, The contents in both the sample celi and the reference celi must be free from gas bubbles 
and particles. If flow cells are used, analysts may be required to degas the solution(s) before measurement in order to avoid the 
formatfon of air bubbles in the celL 

A seguence of aetiv?ties is used to monitor the quality of the measurement process and to ensure that the contents are repre- 
sentative of the sample under measurement Drift of the spectrophotometric baseline can be detected by measuring the blank 
at the start and end of the sample seguence, Adeguate flushing of the cel! can be confirmed by alternatmg between measure¬ 
ment of the standard (high concentration) and the blank (zero concentration) at the start of the measurement seguence, The 
latter check is particularly important forautomated systems that can generate reproducrble but inaccurate results because of 
inadeguate flushing. 

CARE OF CELLS 

Contaminated cells are the greatest single source of error in spectrophotometry. Cells should never be handled by the opti- 
caf polished faces, and analysts should rinse off residua! or spilled solution. if cells are properly cared for, rigorous cleaning 
methods rarely will be needed, especially if the cells are cleaned Immediately after use. AJthough add Solutions will simpfy con- 
ta mina te surfaces, al kalinę Solutions can etch a II types of polished glass surfaces, and the degree of attack depends on the pH 
and contact time. When cleaning cells, analysts should ensure that the optical faces are not scratched or chipped. Commerdał 
cleansing Solutions are available and can be used, provided that they are diluted before use in accordance with the manufac- 
turers’ recommendations. After they are cleaned with such agents, the cetls should be carefully and thoroughly rinsed with 
high-purity water. If this fails to clean the cells, then soaking them in cold, concentrated nitric or hydrochJorie acid is accepta- 
ble. Flow cells are best cleaned in situ, provided that the soivent does not interact with the connecting tubing. If fhe cells are 
stored for an extended period, then they should be dried guickly after cleaning by blowing dry with a compressed gas stream 
in a clean, dust-free environment. 

ALIGNMENT AND FILLING OF CELLS 

Anaiysts should align the cells so that the same optical face is always incident to the light beam. Most cells have type rdenti- 
fkation engraved on one face: this can be used to ensure consistent orientation. If there are no markings, a smali mark can be 
madę on one face outside the area of the light beam. The use of cells with no type markings is not recommended, but if they 
are used analysts should eonfirm their suitability for the intended application, If cells are provided with the instrument, individ- 
ual celi hofders should always be used in the same beam as identified, e,g„ by use of appropnate markings. 

CELL CORRECTIONS 

!f multiple cells are used, differences in the optical transparency of individual cells can introduce a systematic bias unless the 
latter is accounted for by a celi correction. Do not use corrections in excess of 0,01 absorbance unit. To determine if celi cor- 
rections are necessary, analysts can fili all cells with the appropriate solvent and measure the differences in absorbance at the 
reguired analytical wavelengths. These measurements are repeated after cleaning to ensure that differences in absorbance are 
related to the cells and are not the result of contamination. Analysts should fili and check the cells repeatedly until the results 
are consistent, and they should investigate any appredable change in celi correction because it indicates contamination, da im¬ 
age to the cells, or incorrect adjustment of the instrument 

APPENDIX 

Other Sources of Information 

(1) Vandenbeit, J.M., Forsyth,). and Carrett, A. (1945) Anal. Chem , (Industrial and Englneering Chemistry r , Analytical Edition), 
17(4), 1945,235 

(2) Standards and Best Practice in Absorption Spectrometry, Ed. C. Burgess & T. Frost, Blackwell Science, (1 999), ISBN 
0-632-05313-5. 

(3) Youmans, H,L and Brown, W.D. (1976) Anai. Chem., 48,1152. 

(4) Skoog, West & Haller (7th Ed) 1996, Table 24-4. 
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(1911) RHEOMETRY 


• Newtonian Viscosity 

If an external stress is exerted on a fluid, the latter will ; low to a degree that is determined by internal friction forces derived 
from interna! molecular interactions and by the magritude of the external stress applied. The measure of resistance to 
flow is defined as the yiscosity of the fluid. The coefficient of viscosity, historicalJy termed the absolute viscosity, is de- 
fined by Newton^ law of yiscous flow; 

= U) 

a = shear stress, defined as the applied stress that causes successiye parallel iayers of a materia! body to move in 
their own planes relative to each other 

f - shear ratę, defined as the ratę of change of shear strain with fime 

It should be noted that although stress and strain are often used interchangeably, the terms are not used interchangeably In 
rheology: stress is synonymous with foree per unit area or a system of forces per unit area, and strain refers to deformatton 
(Le., a change in shape or size). A fluid is said to exhibit Newtonian flow if the viscosity is a constant that is independent 
of the shear ratę or applied shear stress. Because vlscosity depends on temperaturo, the temperaturę of the substance be- 
ing measured should be controlled to withm ±0.1 °. 

in generał, Newton 's law is obeyed by liquids of Iow molecular weight and by Solutions of Iow molecular weight solutes in 
Iow molecular weight solvents. Howeyer, liquids of high molecular weight, Solutions that contain high molecular weight 
solutes and colloidal dlspersions (e.g., suspensions and emulsions) typically do not obey Newton's law of viscous flow and 
are referred to as non-Newtonian fluids, 

In the International System of llnits (SI), the unit of viscosity is the pascal-second (Pa * s), which is equivaient to 
1 kg - nr 1 * s- 1 or 10 Poise tn the centimeter-gram-second (cgs) system. The yiscosities of most Newtonian fluids are meas¬ 
ured in mifltpascal-seconds (1 Pa - s - 1000 mPa * s; 1 mPa * s = 1 centipoise). Kinematic yiscosity, v t relates the yiscous 
foree to the mertial foree by relatmg the Newtonian viscosity of a fluid to its density, p, at the same temperaturę: 


P 

The units of kinematic viscosity in SI units are m 2 - s~ T or, morę commonly, mm 2 ■ s-h [Notę— 1 mm 2 * s^ 1 = 1 centistoke (cS 
or cSt). Stok es or centistokes are the units in the cgs system for kinematic Wscosity.] 

Measure men t of Newtonian Viscosity Using a Capillary Viscometer 

The viscosity of a Newtonian fluid is measured by the use of glass capillary viscometers, examples of which are shown in 
Figurę 1 (simple U-tube capillary yiscometer, aiso referred to as an Ostwald-type capillary viscometer) and Figurę 2 (con¬ 
stant or suspended-level yiscometer, aiso referred to as an Ubbelohde-type capillary viscometer). [Notę—W hen the term 
yiscosity is used herein, it refers to absolute or Newtonian viscosity,] The constant- or suspended-level viscometer is a 
morę robust design that is less influenced by temperaturę yariations. 
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Figurę 1. Simple U-tube (or Ostwald-type) capillary viscometer. |Note—V ariables are defined in the text.] 



E=h, 

F^h 2 


R 


Figurę 2. $uspended-level { 0 r Ubbeiohde-type) capillary viscometer. [Notę— Variabłes are defined in Viscosity^Caplliary 

Methods (91 T)J 

The following examp!e is based on Figurę 7, and the same principle is applicable to Figurę 2> With the apparatus in Figurę 1, 
the flow time, t, is measured for a given volume of fluid, V t as defined between iines 1 and 2 of Figurę l t to flow through a 
capillary tubę havmg a length equal to L and a radius equal to r. As long as the density of the fluidy p t is known, the 
yiscosity can be calculated using the Poiseuille equatton: 

nr Ą fAP 
' 8 LV 


( 3 ) 
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P — pressure 

The applied pressure differential, AP, fs defined as: 

AP - (h t - x g x p (4) 

hj = herght of the fluid in the tubę at linę 1 measured from the bottom position 

h 2 = helght of lhe fluid in Lhe tubę at linę 2 measured from the bottom position 

g - grayitationaf acceleratśon (standard yalue = 9,80665 m * s -2 ) 

Class capillary viscometers generałly are categorized as Iow shear stress Instruments because A P is relatively smalL The typi- 
cal ranges for shear stress, a, and shear ratę, y(at the wali), are 04-15 Pa and 100-20,000 5 - 1 , respectiyely. 

The absolute dimensions of a capillary tubę usually are too difficult to measure conyeniently. As a result, an empiricaf cali- 
bration is employed for each yiscometer tubę. Coilecting all the constants in Eguations 3 and 4 Into a single viscometer 
constant, k, yields the approximate eguation for klnematic yiscosity: 

v=kxt (5) 

To determrne k, analysts measure the flow time for a ltquid of Icnown viscosity at a given temperaturę, This result is used to 
caleułate the viscomefer constant for that particular temperaturo. 

In work requiring a high degree of accuracy, analysts can use the foliowing equation: 

v=k*t-(Eft 2 ) (6) 

E =5 kinetic energy factor, in mm 2 * s 

The yiscometer constant, k, and kinetic factor, E, are determined from flow times measured for a set of stable, clean, New¬ 
ton ian ftuids of known kinematic viscosity (yiscosity standard reference materia Is). 

Once the viscometer constant(s) bave been determined for a given temperaturę by the use of appropbate yiscosity stand- 
ards, the values can be used until the yiscometer is subjeeted to thermal or mechanical stress that alters the dimensions of 
the capiflary. 

Generaliy, caiibration, operation, and cleaning of v!scometers should be performed accordtng to instrument manufacturer r s 
recommendations, Capillary yiscometers must be scrupulously dean and should display no residual adsorbed or particu- 
late organie or inorganic contamination, Surface contaminants may alter the dimensions of Lhe capillary and the Interfa- 
dal tension, 

The procedures detailed in Viscosity—Capillary Methods (9 11) are intended for use with fluids that exhlbit Newtonian be- 
havior when subjeeted to shear stress. These procedures are not suitable for the dwacterization of non-Newtonian fluids 
because they may give erroneous and yariable results if used with such fluids. 

Capitlaiy yiscometers described in (911) typically measure rheologlcal properties at only one shear ratę during one pass of 
the sample through the capillary, Because of the nonlinearity of the shear rate-shear stress relationship for non-Newtoni¬ 
an fluids, this measurement is inadeguate unless provtsions are madę for flow measurements at multiple rates of shear. 
Even morę problematic for non-Newtonian fluids are the decrease in shear ratę from the capillary wali to the center of the 
capillary and the yariation in shear stress with time as the liguid leve! In the capillary yiscometer decreases. Thus, capiitary 
yiscometers are Inherently unsuitable for use In charactenzing non-Newtonian fluids. 

Because of the smali AP attained with glass capillary yiscometers, thelr use In measurements of high-vlscQSity fluids is im- 
practical. Capi[lary-extrusion yiscometers that use an external pressurized gas reseryolr or other source of constant pres¬ 
sure are the only practical capillary instrumental alternatrve In these instances. In addition, capillary-extrusion yiscometers 
may allow the operator to vary the shear ratę or stress, thus enabllng the characterlzation of non-Newtonian fluids, Chap- 
ter (911) does not address such deyices. 

Measurement of Newtonian Viscosity Usirtg a Rotational Viscometer 

The prinripie of the method is to measure the force (torque) acting on a rotor when it rotates at a constant angular veloci- 
ty (rotational speed) in a liquid, Rotational yiscometers are used for measuring the viscosity of Newtonian fluids or the 
apparent yiscosity of non-Newtonian fluids. Detailed methods and procedures for rotational Instruments are prov!ded in 
Viscosity — Rotational Methods (912). Measurement of Newtonian yiscosity can be performed on rotational yiscometers/ 
rheometers following the methods and procedures proposed in yiscosity — Rotational Methods (912), The calcuiated yiscos¬ 
ity of Newtonian fluids should be the same (within experimental error), regardless of the ratę of shear (or rotational 
speed), 

e Non-Newtonian Rheology 

Newton's law of yiscous deformation orflow, described in the section on Newtonian yiscosity, deser!bes the relationship 
between an appiied stress, o, and the resultant flow with a ratę of shear, or yebcity gradient, of % Disperse systems (i.e., 
suspensions or emulsions) or fluids that contain macromolecular components usually do not obey Newton’s law, These 
exceptions to Newtonian behavior are the subject of this section. The categorization of such exceptions into different flow 
behaviors such as shear-thinning (pseudoplastic), shearThickening (dilatant), Bingham, etc,, Is not rigid. Non-Newtonian 
fluids may exhibit different rheological behayior depending on shear ratę, shear stress, and temperaturę. Tlme-dependent 
rheological behayior, such as rheopexy or thixotropy, is not considered in this chapter. 
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The rheologicaf behavior of a non-Newtonian fluid is evident when shear stress is pfotted as a functton of shear ratę, The 
shear stress-sbear ratę relatlonship for Newton tan composittons is finear and passes through the origin, whereas the shear 
stress-shear ratę relationship for non-Newton tan fluids ts non finear and may not pass through the origrn, or it is linear but 
does not pass through the origin (Bingham body). Rheograms, or flow curves, of some typicaJ non-Newtonian fluids are 
contrasted with those of Newton ian fluids in Figurę 3. 



Figurę 3. Rheograms of Newtonian and typicaJ time-independent non-Newtonian fluids. 

AN the rheograms in Figurę 3 can be descnbed by the Herschel-Bulkley eguation: 

a = K • f + a 0 (7) 

a - shear stress, in Pa 

K - consistency coeffrcient 

f = shear ratę, in s^ 1 

n - the flow behavior index 

a 0 - yieid stress, in Pa 

For Newtonian fluids and Bingham plastics, K is designated as the viscos!ty (g) and plastlc viscosity (g p i) f respectiwely. Be- 
cause the viscosity of Newtonian fluids and the plastic yiscosity of Bingham plastics are independent of the shear stress or 
shear ratę, the flow behayior index, n f Is equa! to 1 for Newtonian fluids and Bingham pfastics. For shear-thinning fluids, 

0 < n< 1, and for shear-thickening fluids, 1 < n < od. Shear thinning can be observed In certain complex Solutions such as 
agueous hydrocolloid Solutions. Diiatanf behavior is generally exhibited by concentrated suspensions of nonaggregating 
monodisperse solid particles such as mixtures of corn starch and water, At very high viscosities or very fow shear stresses, 
Bingham plastics exhlbit a yieid stress, a Qf a shear stress belo w which no apparent deformation occurs (Figurę 3). Other 
non-Newtonian fluids do not appear to exhiblt a yieid stress, because flow occurs even at very Iow shear stresses. Thus, 
for non-Bingham bodies, in the absence of a Q the Herschel-Bulkley equadon reduces to the power law, Le., the Ostwald- 
de Waele equation: 

tx ~K-y n (8) 

Many pharmaceutical macromolecular materials exhibit non-Newtonian behavior in solution, Afthough the yiscosity of 
Newtonian fluids is a constant, l.e., g- o/yso that // is independent of shear ratę or shear stress, there is no singular value 
of viscosity for non-Newtonian fluids because the yiscosity of non-Newtonian fluids yaries with shear ratę or shear stress. 
Accordingly, applying the Newtonian concept of yiscosity to non-Newtonian fluids is Inappropriate. The yiscosity value 
observed for a non-Newtonian fluid is an apparent yiscosity, g appf and is a function of the conditions of measurement As 
the shear ratę or shear stress changes, the apparent yiscosity is likely to change as welk Figurę 4 depicts the dependence of 
g app on the shear ratę for an agueous solution of a typicaJ hydrocolloid. 
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Shear Ratę (s 1 ) 

Figurę 4. Log-log plot of the dependente of i/ w on the shear ratę for an aqueous solution of a typical hydrocolloid. 

Figurę 4 depicts apparent vi$cosities, ranging from nigh values at very Iow rates of shear to Iow values at very high 
rates of shear. The turye 1 * asymptotes—corresponding to the zero-shear vrscosity (%) and the infinite-shear viscosity 
(/?*}—together with the linear log-log region at intermediate rates of shear, are eharacteristic of the shear-thinning behav- 
ior of these materials, 

During the course of manufacturing, in-proeess materiais that exhibit non-Newtonian behavior may be subjected to wide 
ranges of shear rates and shear stresses. Fluid dynamie conditions during drug product storage and administration and 
release of the aetive constituent(s) could broaden those ranges even further. For materiais that exhibit non-Newtonfan be* 
havior in a solution or dispersion, the rheologieal profile (rheogram or flow curve), as described in Figurę 3, gives a better 
functional characterization than a single viscosity measurement of the apparent viscosity at a single shear ratę. 

Determination of the rheologieal profiles of non-Newtonian Solutions or dispersions reguires the use of a rheometer or a 
vtscometer that is eapable of measuring rheologieal behavior over the rangę of shear rates and/or shear stresses encom- 
passing the conditions that the excipient or product is tikely to encounter. The exaet mathematieal characterization of de- 
forma tion and flow of a test substance regurres the precise delineation of sam ple dimensions, the forces exerted, and the 
resulting deformatron or flow. Instruments that enable a thorough, geometrically aeeurate analysis of deformation and 
flow are termed absolute rheometers, Such absolute rheometers are preferred for measurements of non-Newtonian fluids 
so that results can be compared from instrument to instrument for corresponding ranges of shear stresses and shear rates, 
When flow or deformation is not well defined or is indeterminate, the resulting measurements are likely to correspond, at 
best, to approxrmations of the true rheologieal behavior of the sample* Rheometers that can provide useful information 
about materiał behavior, but do not enable the true rheologieal character of the materiał to be determined, are known as 
refatke rheometers* Such instruments are subject to geometry-dependent Irmitations. Results obtained with refative rhe¬ 
ometers generally are not comparable to those obtained with absolute rheometers or other differently configured relative 
rheometers* Relative rheometers often are called viscometers* Flowever, the term viscometer should be reserved for a sub- 
set of rheometers that measure only steady shear flow and the corresponding Newtonian viscosity* 

Temperaturę control during the course of measurement is critica! to the rheologieal evaluation of non-Newtonran fluids. An 
Arrhenius-type equation has often been invoked to characterize Newtonian and non-Newtonian ffow properties as a func- 
tion of temperaturę: 


1 

IJrrt 

A 


n 



*1mf 


O) 


= Newtonian or non-Newtonian viscosity at some absolute temperaturę T 
= Newtonian or non-Newtonian yrscosity at some reference temperatura 
= constant 

- energy for viscous flow 
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R = universal gas constant 

Energies for viscous flow and the constant A are determined from experimental data, Energy dissipatron by viscous flow is a 
function of meastmng system geometry, temperaturę controI, shear ratę, and shear stress, but increased variability is ob- 
served in particular at high shear rates and for fluids that exhibit high apparent viscosity. Sample temperatures of non- 
Newtonlan fluids should be controlled to ±0.1®, as is the case for Newtonian viscosity measurements. 

Measurement of Viscosity Using a Rotational Rheometer 

Rotational rheometers represent a morę useful alternative to most capillary viscometers for measuring the rheological char- 
acteristics of non-Newtonian fluids as long as variations in shear ratę, sample temperaturę, and edge or end effects can be 
minimized. The most common absoiute rotational rheometer designs include concentnc (coaxiaf) cylinder, cone-and- 
plate, and paralfel-plate instruments. Ali of these are avajlabfe in models that can provide absoiute rheological data—that 
is, data that do not require substantial corrections for end or edge effects, viscous heating, or variatlons in shear ratę or 
shear stress in the sample being evaluated, Rotating spindle rheometers—often described as viscometers—are reiative rhe¬ 
ometers that typically are used to assess apparent viscosity. 

An additional factor with all rheometers/viscometers that must be taken into consideration, particularly with multiphase 
materials, is the potential formation of a thin, less-viscous layer of fluid at the wali of the instrument, When wali effects, or 
wali slip, occur, instrument measurements may be misleading because of the aetual rheological behavior of the sample, 
Identification of wali effects is instrument specific. One useful method entails the companson of results with a roughened 
vs. a smooth rotor. Instrument manufacturers generalfy provtde recommendations for Identification of and correction for 
wal) slip, 

Generalfy, calibration, operation, and deaning of rheometers should be performed according to the instrument manufac- 
turer's recommendations. 

General chapter Viscosity—Rotational Methods (912) descrrbes the procedures for the most common types of rheometers: 
spindle rheometers (viscometers) and concentnc (toax?af) cylinder, cone-and-plate, and parałlelplate (parał lei disk) instru- 
ments. 

Calculation of shear ratę, shear stress, and viscosity using a concentric (coaxia!) cylinder rheometer: 

For non-Newtonian Kquids, it is essential to specrfy the shear stress, a t or the shear ratę, % at which the viscostty is meas- 
ured, Under narrow gap conditions (conditions sadsfied in absoiute rheometers), the shear ratę f \n s \ and the shear 
stress a, in Pa (N * nr 2 or kg • nrr 1 * s~ 2 ), are calculated using the following eąuations: 



R 0 ~ radius of the outer cylinder (m) 

ft, ~ radfus of the inner cylinder (m) 

(o = angular velocity (radian/s) 

M = torque aeting on the cylinder surface (N - m) 

h - height of immersion of the inner cylinder in the liquid medium (m) 

Generally, the angular viscosity can be calculated using the eguation: 


oj- 


( 2 7t 

v 60 


n 


O 2 ) 


n - rotational speed, in revolutions per min (rpm) 

For laminar flow, the viscosity // (or apparent vrscosity in Pa * s, is given by the following eguation: 
[Notę— 1 Pa * s - T 000 mPa • s,] 


r /° r/ 7Ap P 


1 ( 1 
4jrh y R 2 


1 V M M 
R*)m m 


(13) 


k = constant of the apparatus (radians/rrP) 

Calculation of shear ratę, shear stress, and yiscoslty using a cone-and-plate rheometer: 
The shear ratę yin s\ and the shear stress a, in Pa, are calculated by the following equafions: 


m 



\aj 


(O ( 14 ) 


General Chapters 












General Chapters 


2244 {1971) Rheometry / General Information 


USP40 


<J = 


1 


—/tR 3 

3 
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(15) 


a - angle between the fiat piąte and the cone (radians) 

R - radius of the cone (m) 
co s= angular velocity (radian/s) 

M - torque acting on the cylinder surface (N - m) 

For laminar ftow, the viscosity q (or apparent viscosity t] App ) f in Pa - s, is given by the following equation: 

( 3 a ^ / * *' 

k - constant of the apparatus (radians/m 3 ) 

Measurement of Rheological Properties Using a Nonrotational Rheometer 

Alternative nonrotational rheometer procedures for measunng rheological properties of non-Newtonian fluids indude slit 
rheometers, smali- and large-amplitude oscillatory shear-based rheometers, and capillary-breakup elongational rheome¬ 
ters, Eguipment manufacturers generally provide detailed procedures, and these Instruments and methods may be appro- 
prfate for use after users compfete characterization and yalidation studies for both the equipment and the materia! under 
test. These types of rheometers are not described in Viscosity—Rototional Methods (912), as these are not rotational rhe¬ 
ometers. 
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INTRODUCTION 

This chapter provides tests for the estimation of the number of viab!e aerobic microorganisms present in nutritlonal supple- 
ments of all kinds, from raw materiais Lo the finished forms. AlternatMe methods may be substituted for the tests, provfded 
that they have been properly validated as giving equivalent or better results, tn preparing for and in applying the tests, observe 
aseptic precautions in handling the specimens. The term "growth" is used in a speciaJ sense herein, i.e., to designate the pres- 
ence and presumed proliferation of viable microorganisms. 

PREPARATORY TESTING 

The valEdity of the results of the tests set forth in this chapter resfs largely upon the adeguacy of a demonstration that the 
test spedmens to which they are appfied do not, of themselves, rnhlbit the muitiplication, under the test conditions, of micro- 
organisms that may be present. Therefore, preparatory to conducting the tests on a regufar basis and as circumstances requlre 
subsequently, inoculate diluted specimens of the materiał to be tested with separate viable cultures of the challenge mtcroor- 
ganisms. 

For the Soybean-Casein Digest Agar Medium used for TotoI Aerobic Microbial Count , inoculate dupEicate plates with 25-250 
cfu of Stophylococcus aureus (ATCC 1 No. 6538), Escherichio coli (ATCC No. 8739), and Bacillus subtilis (ATCC No. 66 33) to dem- 
onstrate a greater than 70% bioburden recovery in comparison to a contro! medium. For the Sabouraud Dextrose Agar Medium 
used for Total Combined Moids and Yeasts Count , inoculate dupEicate plates with 25-250 cfu of Candida albicans (ATCC No. 
10231) and Aspergillus braśiliensis (ATCC No. 16404) to demonstrate a greater than 70% bioburden recovery in comparison to 
a controt medium. For Enterobacteriaf Count (BUe-Toierant C ram-Negative Bacteria), appropriate dilutions of Escherichio coli 
(ATCC No. 8739) and Salmonella typhimurium (ATCC No. 1 3311) are used. Faiiure of the organism(s) to gro w in the relevant 
medium im/alidates that portion of the examination and necessitates a modification of the procedurę by (1) an increase in the 
volume of diluent, the quantlty of test materiał rematnmg the same, or by (2) the incorporation of a sufficient guantity of suita- 
bie inactivating agent(s) in the diluents, or by (3) an appropriate combination of modifications to (1) and (2) so as to permit 
growth of the inoculum. 

The folEowing are examples of Engredients and thelr concentrations that may be added to the culture medium to neutralize 
inhibitory substances present in the sample: soy lecithin, 0.5%; and potysorbate 20, 4.0%. Alternatively, repeat the test as de- 
scribed in the preceding paragraph, using Fluid Casein Digest-Soy tedthin-Polysorbate 20 Medium to demonstrate neutraiization 
of preservatives or other antimicrobial agents in the test materiał. Where inhibitory substances are contained in the product 
and the fatter is soluble, a suitable, valrdated adaptation of a procedurę set forth under Procedurę using the Membranę Filtration 
Method may be used. 

If, in spite of the incorporation of suitable inactivating agents and a substanfial increase in the volume of diluent, it is stifl not 
possible to retover the viab!e cultures described above, and where the artide is not suitabEe for the employment of membranę 
filtration, it can be assumed that the faiiure to isolate the moculated organism is attributable to the bactericidai or bacteriostat- 
ic activity of such magnitude that treatments are not able to remove the activity. This information serves to indicate that the 
artide is not likely to atlow proliferation or contamination with the given spedes of microorganism. Monitoring should be con- 
tinued in order to determine the inhibitory rangę and bactericidai activity of the artide. 


T AvaHable from ATCC, 10301 University Boulevard, Manassas, VA 20110-2209. Equivalent microorganisms, provtded that they are from a national collection re- 
posltory, can be used in lieu of ATCC strairrs. However, the viable microorganisms used in the test must not be morę than five passages removed from the odginał 
ATCC or national coJlection culture. 
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BUFFER SOLUTION AND MEDIA 

Culture media may be prepared as follows, or dehydrated culture media may be used provided that, when reconstituted as 
directed by the manufacturer or distributor, they have similar ingredients and/or yield media comparable to those obtained 
from the fomnutas given herein, 

In preparing media by the formulas set forth herein, dissolve the soluble solicfs in the water, using heat if necessary to effect 
complete solution, and add Solutions of hydrochloric aeid or sodium hydroxide in guantities sufficient to yiefd the desired pH 
in the medium when it is ready for use. Determine the pH at 25 ±2 Q , 

Where agar is called for in a formula, use agar that has a moisture content of NMT 15%. Where water is called for in a for¬ 
mula, use Purified Water , 


pH 7.2 Phosphate Buffer 

Prepare a stoek solution by disso!ving 34 g of monobasic potassium phosphate in about 500 mL of water contained in a 
1000-mL volumetric fiask. Adjust to a pH of 7.2 ±0.1 by the addition of sodium hydroxide T5 (about 175 mL), add water to 
yolume, and mix. Dispense and sterilize. Storę under refrigeration, For use, dilute the stock solution with water in the ratio of 
1-800, dispense as desired, and sterilize. 


Media 

Prepare media for the tests as described below. Afternatively, dehydrated formulations may be used provided that, when 
reconstituted as directed by the manufacturer or distributor, they meet the reguirements of Crowth Promotion Testing. Unless 
otherwise indicated elsewhere in this chapter, media are sterilized in autoclaves using a validated process. The exposure time 
within the autoclave at 121° will depend on the volume of media to be sterilized. Thus, for example, a 500-mL volume would 
need to be autociaved using a temperaturę and time relationship that will ensure that the medium has attained at least an F 0 
of 12-15 in the sterilization process. However, the appropriate time and temperaturę duration for sterilizing prepared media at 
any given volume should be confirmed by a thermai penetration study using a thermocouple or thermoprobe placed within 
the ligurd medium. 


FLUID CASEIN DIGEST-SOY LECITHIN—POŁYSORBATE 20 MEDIUM 


Pancreatic Di gest of Casein 

20 g 

5oy Lecithin 

5 9 

Polysorbate 20 

40 mL 

Water 

960 ml 


D3sso!ve Pancreatic Digest of Casein and Soy tecithin in 960 mL of water, heating in a water bath at 48°-50 D for about 30 min 
to effect solution. Add 40 mL of Poiysorbate 20. Mix, dispense as desired, and sterifize. 


S O Y B EAM—C A SEIN Dl GEST-AGAR MEDIUM 


Pancreatic Digest of Casein 

15.0 g 

Papaic Digest of Soybean Meal 

5.0 g 

Sodium Chloride 

5.0 g 

Agar 

15.0 q 

Water 

1000 mL 


pH after sterilization: 73 ± 0.2. 


FLUID SOYBEAN-CA5EIN DIGEST MEDIUM 


Pancreatic Digest of Casein 

17.0 g 

Papaic Digest of Soybean Meal 

3,0 g 

Sodium Chloride 

5.0 g 

Di ba sic Potassium Phosphate 

2.5 g 

Dexlrose 

2.5 g 

Purffied Water 

1000 mL 
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Dissolve the sollds tn the water, heating slightly to effect a solution. Cool the solution to room temperaturą and adjust the 
pH with 1 N sodium hydroxrde so that after sterMization it will have a pH of 7.3 ± 0.2. Fifter, if necessary, and dśspense into 
suitable containers. Sterilize at a temperaturę and time retationship that will ensure that the medium has attained at least an F 0 
of 12-15 in the sterilization protess, or by a validated filtration process. 

SABOURAUD DEKTROSE—AGAR MEDIUM 


Dextrose 

40.0 g 

Mixture of Peptic Digest of Animal Tisstie and Pancreatic Digest of Casein (1:1) 

10.0 g 

Agar 

1 5.0 g 

Waler 

1000 ml 


and boil to effect solution. 
pH after sterilization: 5.6 ± 0.2. 


VIOLET-RED BILE AGAR WITH GLUCOSE AND LACTOSE 


Yeast Extract 

3.0 g 

Pancreatic Digest of Gelatin 

7.0 g 

Bile Salts 

1.5 g 

Lactose 

10.0 g 

Sodium Chloride 

5.0 g 

□Clucose Monohydrate 

10,0 g 

Agar 

15.0 g 

Neutral Red 

30 m ef 

Crysial V1olet 

2 mej 

Waler 

1000 mL 


Adjust the pH so that it is 7.4 ± 0.2 after heating. Heat to boil Ing, but do not heat in an autoclave. Pour onto plates. 


MOS5EL-ENTEROBACTERIACEAE ENRICHMENT BROTH 


Pancreatic Digest of Gefatin 

10,0 g 

D-Clucose Monohydrate 

5.0 g 

Dehydrated Ox Bile 

20,0 g 

Mono ba sic Potassium Phosphate 

2.0 g 

Dibasic Potassium Phosphate 

8.0 g 

BriNlant Creen 

15 mg 

Water 

1000 mL 


Suspend the sollds in water, and heat to boiling for 1 -2 min. Transfer 120-mL portions to 25G~mt volumetric flasks or 9-mL 
portions to test tubes, alt being capped with cotton plugs or loose-fitting caps. Heat on a steam bath for 30 min. Adjust the pH 
so that *t is 7.2 ±0.2 after heating. 


GROWTH PROM OT! ON TESTtNC 

Each lot of dehydrated medium bearing the manufacture^s identtfying number or each lot of medium prepared from basie 
ingredients must be tested for its growth-promoting qualities. Cultures of Staphylococcus aureus (ATCC No, 6538), Escherlchio 
coli (ATCC No, 8739), Bacillus subtilis (ATCC No, 6633), Candida albicans (ATCC No. 10231), and Aspergillus brasiliensis (ATCC 
No. 16404) are used. A ICH dilution of a 24-hour broth culture of the microorganism to the first dilution (in pH 7.2 Phosphate 
Bufferor Fluid Soybeon-Casein Digest Medium) may be used as the inoeula. Serralfy streak plates of the media with the appropri- 
ate inoeula to obtain isolated cofonies to demonstrate the grawth-promotion ąualiUes of the Soybeon-Case/n Digest Agor and 
Sobouraud Dextrose Agor media. I noc u la te the Fluid Soybeon-Casein Digest Medium and Mossel-Enterobocteriaceae Enrichment 
Broth with 10-100 cfu of the appropriate challenge organisms to demonstrate their growth-promotion qualities. 

SAMPLING 

Provide 1 0-mL or 1 0-g specimens for the tests called for in the indivldual monograph. 
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PROCEDURĘ 

Prepare the spedmen to be tested by a treatment that is appropriate to its physical characteristics and that does not alter 
the number and kind of rmcroorganisms originalfy present, tn order to obtain a solution or suspension of aEI or part of it in a 
form suitable for the test procedure(s) to be carried out 

For a solid that dissolves to an appreciable extent but not completely, reduce the substance to a moderately fine powder, 
suspend it in the vehicle specified, and proceed as directed under Total Aerobic Microbial Count 

For a fluid specimen that consists of a true solution, or a suspension in water or a hydroakoholie vehide containing less than 
30% of alcohol, and for a solid that di$solves readily and practically completely in 90 mL of pH 7.2 Phosphate Buffer or the 
media specified, proceed as directed under TotoI Aerobic Microbial Count 

For water-immiscible products, prepare a suspension with the aid of a minimal ąuantity of a suitable, sterile emufsrfying 
agent (such as one of the poiysorbates), using a mechameal blender and warming to a temperaturę not exceeding 45°, if nec¬ 
essary, and proceed with the suspension as directed under Total Aerobic Microbial Count 

Total Aerobic Microbial Count 

For specimens that are freely soluble, use the Membranę Filtration Method or Platę Method, For specimens that are sufficiently 
soluble or translucent to permit use of the Platę Method, use that method; otherwise, use the Multiple-Tubę Method. With either 
method, first dissolve or suspend 10.0 g of the spedmen if it is a solid, or 10 ml, accurately measured, if the spedmen is a 
liquid, rn pH 7.2 Phosphate Buffer ; Fluid Soybean-Cosein Dlgest Medium, or Fluid Casein Digest-Soy Lecithin-Polysorbale 20 Medi¬ 
um to make 100 mL. For viscous specimens that cannot be pipeted at this initial 1 ;10 dilution, dilute the spedmen until a 
suspension is obtained, i.e., 1 :50 or 1:100, etc., that can be pipeted. Perform the test for absence of inhibitory (antimicrobial) 
properties as described under Preparatory Testing before the determination of Total Aerobic Microbial Count Add the specimen 
to the medium MMT 1 h after preparing the appropriate oilutions for inoculation. 

MEMBRANĘ FILTRATION METHOD 

Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30-300 colonies. Pipet 1 ml of the finał dilution 
into 5-10 mL of pH 72 Phosphate Buffer, Fluid Soybean-Cosein Digest Medium, or Fluid Casein Digest-Soy Lecithin-Polysorbate 
20 Medium. Wash each membranę with an appropriate amount of one of the above diluents. Transfer each membranę to a 
Petri dish containing Soybean-Cosein Digest-Agar Medium, previously solidified at room temperaturę. Incubate the plates at a 
temperaturę 30^-35 5 for 48-72 h. Following ineubation, examine the plates for growth, count the number of colonies, and 
express the average for the two plates in terms of the number of microorganisms per g or per mL of specimen. If no microbial 
colonies are recovered from the dishes representing the initial 1:10 dilution of the specimen, express the resuits as "less than 
10 microorganisms per g or per mL of specimen". 


PLATĘ METHOD 

Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30-300 colonies. Pipet 1 mL of the finał dilution 
onto each of two sterile Petri dishes, Promptly add to each dish 15-20 mL of Soybean-Cosein Digest-Agar Medium, previously 
melted and cooled to about 45°. Cover the Petri dishes, m x the sample with agar by gently tilting or rotating the dishes, and 
allow the contents to solidify at room temperaturę. Invert the Petri dishes and incubate for 48=72 h. Following ineubation, 
examine the plates for growth, count the number of colonies, and express the average for the two plates in terms of the num¬ 
ber of microorganisms per g or per mL of spedmen. If no microbial colonies are recovered from the dishes representing the 
initial 1:10 dilution of the specimen, express the resuits as "less than 10 microorganisms per g or per mL of spedmen" , 

MULTIPLE-TUBE METHOD 

into each of 14 test tubes of similar size, place 9.0 mL of sterile Fluid Soybean-Cosein Digest Medium . Arrange 12 of the tubes 
in four sets of three tubes each. Put aside one set of three tubes to serve as the Controls, Into each of three tubes of one set 
("100") and into a fourth tubę (A) pipet 1 mL of the solution or suspension of the specimen, and mix. Pipet 1 mL from tubę A 
into the one remainrng tubę (B), not included in a set, and mix. These two tubes contain 100 mg or 100 pt and 10 mg or 10 
pL of the specimen, respectively. Into each of the second set ("10") of three tubes pipet 1 mL from tubę A, and into each tubę 
of the third set ("1") pipet 1 mL from tubę B. Discard the unused contents of tubes A and B. Close welf, and incubate all of the 
tubes. Following ineubation, examine the tubes for growth: the three control tubes remain elear, and the observations in the 
tubes containing the spedmen, when interpreted by reference to Tobie i t indicate the most probable number of microorgan¬ 
isms per g or per mL. 
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Table 1. Most Frobable Count by Mu l tlple-Tube Method 


Observed Combinatlons of Numbers of Tubes Showing 
Growth in Each Set 

Most Probable Number of Mkroorgamsms 
per g or per mL 

Number of mg or ^iL of spedmefi per tubę 

100 

10 

1 

3 

3 

3 

Morę Ehan 1100 

3 

3 

2 

1100 

3 

3 

1 

500 

3 

3 

0 

200 

3 

2 

3 

290 

3 

2 

2 

210 

3 

2 

1 

150 

3 

2 

0 

90 

3 

1 

3 

160 

3 

1 

2 

120 

3 

1 

1 

70 

3 

1 

0 

40 

3 

0 

3 

95 

3 

0 

2 

60 

3 

0 

1 

40 

3 

0 

0 

23 

2 

2 

0 

21 

2 

1 

1 

20 

2 

1 

0 

15 

2 

0 

1 

14 

2 

0 

0 

9 

} 

2 

0 

11 

1 

1 

0 

7 

i 

0 

0 

4 

0 

1 

0 

3 

0 

0 

0 

<3 


Total Combined Mołds and Yeasts Count 


PROCEDURĘ 

Proceed as dlreeted for Membranę Fiftration Method or Platę Method under Total Aerobic Microbial Count, except to use the 
same amount of Sabouraud Dextrose-Agar Medium instead of Soybean-Casein Digest-Agar Medium and to incubate the plates 
for 5-7 days at 20°-25°. 

RETEST 

For the purpose of confirming a doubtful result by any of the procedures outJined In the foregoing tests following their ap~ 
plication to a 10-g specimen, a retest on an additional 10-g spedmen from the origrnal sample and a 10-g specimen from the 
new sample of the nutritional supplement may be conducted. Proceed as directed under Procedura . 

E n tero bacteria I Count (BileTolerant Cram-Negative Bacteria) 

Dissolve or suspend the sample In a suffident volume of pH 7 r 2 Phosphate Buffer or Fluid Soybean-Casein Digest Medium and 
dii ute with Fluid Soybean-Casein Digest Medium to 100 mL Pre-ineubate for 2-5 h at 20 a -25° in soybean-casein digest broth 
diluent; Inoculate suitable quantities of Mossei-Enterobactenaceae Fnrichment Broth to contain 0.1, 0,01, or 0.001 g or mL of 
the producl Incubate at 30°-35° for 24-48 h. Subculture onto a piąte of Violet-Red Bile Agar with Glucose and Lactose , and 
incubate at 30 n -35 e for 18-24 h. Crowth of well deveioped, generally red or reddish, eolomes of Gram-negattve bacteria re- 
veal the presence of enterobacteria. Determine the most probable number of microorgamsms per g or per mL by reference to 
Table 2. 
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Table 2. fVJost Probable Enterobacterial Caunt 


Observed Presence of Enterobacferia 

Most Probable Number of Enterobacteria 
per g or per mL 

Number of g or mL of spedmen per tubę 

0.1 

0.01 

0.001 

+ 

+ 

4 

Morę than IG* 

4 

4 

- 

Fewer than 10 a but morę than 10 2 

+ 

- 

- 

Fewer than 10 z but morę than 10 1 

- 

- 

- 

Fewer than 10* 


(2022) MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED 
MICROORCANISMS—NUTRITIONAL AND DIETARY SUPPLEMENTS 

INTRODUCTION 

Good manufacturing practices require that objectionable organisms be absent from nonsterile nutritional and dietary prod- 
ucts. A microorganism can be considered objectionable if it represents a potential heaith hazard to the user who is using the 
product as directed, or If it is capabie of growing in the product* Objectionable mjcroorgamsms are defined as contaminants 
that, depending on the microbial spedes, number of organisms, dosage form, intended use, and patient population, would 
adversely affect product safety. Addftionally, microorganisms may be deemed objectionable if they adversely affect product 
stability or if they may damage the integrity of the Container dosure system, 

This chapter describes the testing of nutritional and dietary articles for specified microorganisms, which are specified In the 
tndividual monographs or whose absence is recommended by the guidance under Microbiologica! Attributes of Nonsterile Nutri- 
tional and Dietary Supplements {2023)- When objectionable microorganisms are not specified in the individual monograph, it Is 
the manufacturers r responsibility to determine which microorganisms in their products are objectionable. It is not intended 
that all nonsterile nutritional and dietary articles be tested for the absence of all of the microorganisms mentioned In this chap¬ 
ter, nor is the testing of relevant microorganisms restricted to those presented in this chapter. 

Alternative microbiologica!, physEcochemical, and biotechnoiogical methods, induding automated methods, may besubsti- 
tuted for these tests, provided they have been validated as being equivalent in their suitability for determining compliance, 

BUFFER AND MEDIA 
General Considerations 

See Buffer Solution and Media under Microbiai Enumeration Tests—Nutritional and Dietary Supplements (2021). The appropri- 
ateness of each medium for the intended purpose Is to be assessed. Control sets of Fluid Soybean-Casein Digest Medium for 
P repa rotory Testing are also used to assess the appropriateness of these media in the growth promotion of the specified micro¬ 
organisms, For other media, streak agar pfates to obtain isolated colonies of appropriate microorganisms, and inoculate the 
fluid media with the appropriate microorganisms at a finał concentration of less than 100 cfu per mL Observe the growth to 
establish the appropriateness of the media. 


Buffer 

Buffer Stock Solution and pH 7,2 Phosphate Buffer—Proceed as dlrected under Microbiai Enumeration Tests—Nutritional 
and Dietary Supplements (2027), 


Media 

FLUID SOYBEAN-CASEIN DIGEST MEDIUM 


P rep are as directed under Microbial Enumeration Tests—Nutritional and Dietary Supplements (2021), 
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MANNfTOL-5 ALT—AGAR MEDIUM 


Pancreatic Digest of Casein 

5.0 g 

Peptic Digest of Animal Tissue 

s.og 

Beef Extract 

io g 

D-Mannitol 

10 0 g 

5odtLtm Chloride 

75.0 g 

Agar 

15,0 g 

PhenolRed 

0,025 g 

Water 

1000 ml 


Mix, then heat with frequent agrtation, and boli for 1 minutę to effect solution, 
pH after stenlization: 7A ± 0.2, 


FLUID TETRATHIONATE MEDIUM 


Pancreatic Digest of Casein 

2.5 g 

Peptic Digest of Animal Fat 

2,5 g 

Bile Salts 

1.0 g 

Calcium Carbonate 

10.0 g 

Sodium Thiosulfate 

30,0 g 

Water 

1000 ml 


Heat to boiling. Do not autodave; use the same day. Immedlately before use, add a solution prepared by dissolving 5 g of 
potassium iodide and 6g of iodine in 20 mL of water* Then add 10 mL of a solution of brilliant green (1 in 1000), and mix. Do 
not heat after adding the brilliant green solution* 


BRILLIANT GREEN—AGAR MEDIUM 


Yeast Extract 

3.0 g 

Peptic Digest of Animal Tissue 

5,0 g 

Pancreatic Digest of Casein 

5,0 g 

Lactose 

10.0 g 

Sodium Chloride 

5.0 g 

Sucrose 

10.0 g 

Phenol Red 

80.0 g 

Agar 

20.0 g 

Brilliant Green 

12.5 mg 

Water 

1000 mL 


Boil for 1 minutę. Sterilize just priorto use, melt, pour into Petrr dishes, and allow to cool* 
pH after stenlization: 6.9 ± 0.2 


X YLGSE—LY51 NE—DESOX YC HOLATE—AGAR MEDIUM 


Xylose 

3.5 g 

L-Łysinę 

5.0 g 

Lactose 

7.5 g 

Sucrose 

7.5 g 

Sodium Chloride 

5.0 g 

Yeast Extract 

3.0 g 

Phenol Red 

80 mg 

Agar 

13.5g 

Sodium Desoxycholate (as Bile Salts) 

2.5 g 

Sodium Thiosulfate 

6.8 g 

Ferric Ammonium Ci tratę 

800 mg 

Water 

1000 mL 
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Heat, with swirling, just to the boiling point, Do not overheat or sterilrze. Transfer at once to a water bath maintained at 
about 50°, and pour into Petri plates as soon as the Medium has cooled. 

Finał pH: 7.4 ± 0.2. 


HEKTOEN ENTERIC AGAR MEDIUM 


Protease Peptone 

12,0 g 

Yeast Extract 

30 g 

Lactose 

12,0 g 

Sucrose 

2.0 g 

Salicin 

9.0 g 

Bile Salts No. 3 

9,0 g 

Sodium Chloride 

5.0 g 

Sodium Thiosulfate 

5.0 g 

Fenie Ammonium Oitrate 

1.5 g 

Ac id Fuchsin 

0.1 g 

Brom othy mol Btue 

65 mg 

Agar 

14.0 g 

Water 

1000 mL 


Mix, and allow to stand for 10 minutes. Heat gently, and alfow to boli for a few seconds to dissolve the agar. Do not steri- 
lize. Cooi to 60°, and pour into Petri dishes. 

Fina! pH: 7.5 ± 0.2. 


TRIPLE SUGAR—IRON—AGAR MEDIUM 


Pancreatic Digest of Casein 

10.0 g 

Pancreatic Digest of Animał Tissue 

10.0 g 

Lactose 

10.0 g 

Sue rosę 

10.0 g 

Dextrose 

1.0 g 

Ferrous Ammonium Sulfate 

200 mg 

Sodium Chloride 

5,0 g 

Sodium Thiosulfate 

200 mg 

Agar 

13.0 g 

Phenof Red 

25 mej 

Water 

1000 ml 


pH after sterilization: 7.3 ± 0.2. 


MACCONKEY AGAR MEDIUM 


Pancreatic Digest of Ge!aŁin 

17.0 g 

Pancreatic Digest of Casein 

l.sg 

Peptic Digest of Animal Tissue 

1.5 g 

Lactose 

10,0 g 

Bile Saits MNture 

1.5 g 

Sodium Salts Mixture 

5,0 g 

Agar 

13.5 g 

Neutral Red 

30 mg 

Crystal Violet 

1.0 mg 

Water 

1000 mL 


Boji for 1 minutę to effett solution, 
pH after sterilization: 7,1 ± 0.2. 
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LEVINE EOSIN-METHYLENE BLUE-AGAR MEDIUM 


Pancreatic Digest of Gelatin 

10,0 g 

Dibasic Potassium Phosphate 

2.0 g 

Agar 

15.0 g 

Lactose 

10.0 g 

Eosin Y 

400 mg 

Methylene Blue 

65 mg 

Water 

1 000 mL 


Dissoive pancreatic digest of gelatin, dibasic potassium phosphate, and agar in water, with warming, and atlow to coof. Just 
prior to use, liąuefy the geIJed agar solution, and add the remaining ingredients, as Solutions, in the following amounts: for 
each 100 rnL of the liguefied agar solution, add 5 ml of lactose solution (1 in 5), 2 mL of the eosin Y solution (1 in 50), and 2 
mL of methylene blue solution (1 in 300). Mix. The finished Medium may not be elear, 
pH after sterilfzation: 7.1 ±0,2. 


BAIRD-PARKER AGAR MEDIUM 


Pancreatic Digest of Casein 

10.0 ^ 

Beef Extract 

5,0 g 

Yeast Extract 

l.Og 

Lithium Chloride 

5.0 g 

Agar 

20,0 g 

Giydne 

12.0g 

Sodium Pyruvate 

10,0 g 

Water 

950 mL 


Heat with frequent agitation, and boi! for 1 minutę. Sterilize, cool to between 45° and 50°, and add 10 ml of stenie potassi- 
um tellurite solution (1 in 100) and 50 mL of egg yolk emufsion prepared as follows. Disinfect the surface of whole-shell eggs, 
aseptieally crack the eggs, transfer intact yolks to a stenie graduated cylinder, add stenie salinę TS to obtain a 3 to 7 ratio of 
egg yofk to salinę, add to a sterile blender cup, and mix at high speed for 5 seconds. Mix all ingredients weil but gently, and 
po Lir into plates. 
pH after stenllzation: 6.8 ±0.2. 


VOG EL— JOHNSON AGAR MEDIUM 


Pancreatic Digest of Casein 

10.0 g 

Yeast Extract 

5.0 g 

Mannitol 

10.0 g 

Dibasic Potassium Phosphate 

5.0 g 

Lithium Chloride 

5.0 g 

Gjydne 

10,0 g 

Agar 

16.0 g 

PhenoiRed 

25.0 mg 

Water 

1 000 mL 


Boil for 1 minutę. Sterilke, cool to between 45° and 50°, and add 20 mL of sterile potassium tellurite solution (1 in 100). 
pH after stenlkation: 7,2 + 0.2. 


FLUID 5ELENITE-CY5TINE MEDIUM 


Pancreatic Digest of Casein 

5.0 g 

Lactose 

4.0 g 

Sodium Phosphate 

10.0 g 

Sodium Acid Selenite 

4.0 g 

L-Cystine 

10.0 g 

Water 

1000 mL 
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Mix, and heat to effeet solution. Then beat fn flowing stream for 15 minutes, Do not steriiEze. 
Finał pH: 7.0 ± 0.2. 


REINFORCED MEDIUM FOR CL05TRIDIA 


Beef Extract 

10.0 g 

Peptone 

10.0 g 

Yeast Extract 

3.0 g 

Sofuble Starch 

1,0 g 

Glucose Monohydratu 

5.0 g 

Cysteinę Flydrochloride 

0,5 g 

Sodium Chloride 

5,0 g 

Sodium Acetate 

3.0 g 

Agar 

0.5 g 

Water 

1000 mL 


Di$soJve agar in water by heating to boiiing, while stirring continuously. Adjust the pH if necessary, and sterilize. 
pH after sterilization: 6.8 ± 0.2. 


COLUMBIA AGAR 


Pancreatic Digest of Casein 

10.0 q 

Meat Feptic Digest 

5.0 g 

Heart Pancreatic Digest 

3,0 g 

Yeast Extract 

5.0 g 

Comstarch 

T0g 

Sodium Chloride 

5,0 g 

Agar 

15,0 g 

Water 

1000 mL 


Dissofve agar in water by heating to boiiing and with conttnuous stirring, If necessary, adjust the pH. Sterilize, and allow to 
cool to 45° to 50°, Add, when neeessary, gentamicin sulfate, equivalent to about 20 mg of gentamicin base, and pour tnto 
Petri dishes. 

Pre-reduction of the medium rs recommended, 
pH after sterilization: 7,3 ± 0,2, 


RAPPAPORT VA5SILIADI5 SALMONELLA ENRICHMENT BROTH 


Soya Peptone 

4.5 9 

Magnesium Chloride Hexa hydra te 

29.0 g 

Sodium Chloride 

s Og 

Dlpotassium Ph ospha te 

0,4 g 

Potassium Dthydrogen Phosphate 

0,6 g 

Malachlte Green 

0.036 g 

Purified Water 

1000 mL 


Dissoivą warming sfightly. Sterilize in an autoclave using a validated cyde, at a temperaturę not exceeding 115°. 
The pH is 5.2 ± 0.2 at 25 D after heating and autodaving. 


PREPARATORY TEST0NG 

Proceed as directed for Preparatory Testing under Microbial Enumeration Tests — Nutritiona! and Dietary Supplements (2021), 
For ennchment broth, selective media, and differential media use an inoculating loop to transfer the inocuJum of eaeh test 
organism to the plated or liquid media being tested. If a plated medium is befng tested, streak the surface of plafe with fhe 
foop in four directions to obtain a pattern of isolated colonies. Incubate the media, and examine the piated or ]iquid media for 
the eharacteristic growth of the ihocula (See Tables 1, 2, 3, and 4). 
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SAMPLING 

Proceed as directed for Sampiing under Microbial Enumeration Tests—Nutritionai and Dietary Supplements (2021), 

TEST PROCEDURES 

Test Preparat ton—Prepare as directed for Sampiing. Transfer to a suttabfe Container with 100 mL of Fluid Soybean-Cosein 
Digest Medium (FSCD), Mix by shaking gently, [Notę—O n :he basis of results for Prepa rotory Testing , modify the Test Prepara- 
tion as appropriate,] 

Test for Absence of Stophylococcus oureus 

Incubate at 30* to 35° for 18 to 24 hours. Streak a loopfui from FSCD onto the surface of one or morę of thefollowing me¬ 
dia: Vogel-Johnson Agar Medium (Vj Agar), Mannitof-Salt-Agar Medium (MS-Agar), and Baird-Parker Agar Medium (BP Agor). Cov- 
er the Petri plates, invert them, and incubate at 30° to 35° for 24 to 48 hours. 

Examine the plates of V{ Agar, MS*Agar , and/or BP Agar, and interpret the results with reference to Tobie 1: if no piąte con- 
tains coionies having the characteristics described, the test specimen meets the regulrement for the absence of Stophylococcus 
oureus. If charaeteristrc coionies are present, perform raagulase test as foliows. Transfer representative coionies to separate 
tubes containing 0.5 mLof rabbit plasma, horse plasma, or any other mammaiian plasma. incubate fn a water bath at 37°. 
Examme for coagulation after 3 hours of incubation and at suitable intervals up to 24 hours* Comparing with postfwe and neg- 
ative Controls, the absence of a coagulase reaction indicates the absence of Staphybcoccus aureus In the tested artide. 


Tabte 1. Characteristics of 5fęrpfryfococct/i oureus on Spedfied Agar Media 


Agar Medium 

Cofonia) Morphology 

Gram Stain 

Voget-lohn$on 

Black surrounded by yellow zonę 

(+), coc ci 

Mannltol-Salt 

Yellow colonres with yellow zonę 

(+), cocci 

Baird-Parker 

Black, shiny surrounded by 2-5-mm elear zones 

(+), eoed 


Test for Absence of Salmonella Species 


Incubate at 30° to 35° for 18 to 24 hours. From F5CD, pipet a T-mL aliquot into 10 ml of Rappaport Vossiliadis Salmonella 
Enrichment Brath, mix, and incubate at 30* to 35° for 18 to 24 hours. Streak a loopfui from both incubated media onto individ~ 
uai surf a ces of one or morę of following media: BriWant Green Agar Medium (BG-Agar), Xyiose-iysine-Desoxychoiate-Agor Medi¬ 
um (KLDC-Agar% and Hektoen Enteric Agar Medium (HE Agar% Cover, invert the plates, and incubate at 30* to 35° for 24 to 48 
hours. Examine the inoculated plates of BG-Agar, KLDG-Agar, and/or HE Agar, and interpret the results with reference to Tobie 
2: if no coionies having the characteristics described are observed, the test specimen meets the requirement for the absence of 
Salmonelia species. If coionies with characteristics descnbed in Table 2 are present, the suspect coionies are transferred to a 
slant of Triple Sugar-fron-Agar Medium (TSl) using an inoculating wire, by first streaking the surface of the slant, and then stal> 
bing the wire weli beneath the surface, Incubate at 30° to 35° for 24 to 48 hours. If the tubes do not have red alkaline slants 
and yellow acid butts, with or without concomitant blackening of the butts from hydrogen sulfide production, the test spęd- 
men meets the requirement for the absence of Salmonella species. 


Table 3. Characteristics of Salmonella Species on Specifietf Agar Media 


Agar Medium 

Golonią! Morphology 

Gram Stain 

BrilHant Green 

Smali, transparent and colorless; or opaque, pink or white 
(often surrounded by pink to red zonę) 

(-), rods 

Xyiose-Lysine-Desoxychoiote 

Red, with or without black center* 

(-), rods 

Hektoen Enteric 

BI ue-green, with or without black center* 

(-), rods 


Test for Absence of Escherichia coli 


Incubate at 30° to 35° for 24 to 48 hours. From FSCD , pipet a 1 -ml aliquot into a Container containing 10 mL of MacContey 
Broth, mix, and incubate at 42° to 44° for 24 to 48 hours. Streak a loopfui from both incubated media onto individual surfaces 
of MacConkey Agar Medium (MC Agar), and incubate at 30* to 35° for 18 to 24 hours. Examine the inoculated MC Agar piąte, 
and interpret the results with reference to Table 3: rf no coionies having the characteristics descnbed are observed, the test 
specimen meets the requirement for the absence of Escherichia coli Suspect coionies showrng the characteristics described in 
Table 3 are transferred indlvtdually, usmg an inoculating loop, to the surface of a piąte with Levine Eosin-Methylene Blue-Agar 
Medium (LEMB-Agar). If a large number of suspect coionies are to be transferred, divide the surface of each piąte into quad- 
rants, each guadrant being inoculated with a different colony. Cover the plates, invert, and incubate at 30° to 35* for 24 to 48 
hours. If nonę of the coionies exhibit a characteristic metallie sheen under reflected light, and if nonę exhibit a blue-black ap- 
pearance under transmitted light, the test specimen meets the reguirement for the absence of Escherichia coli 
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Table 3* Characteristics of Eschęrichia coli on MacConkey Agor Medium 


Colonial Morphalogy 

Gram Stain 

Brick red, may have surrounding zonę of predpitated bile 

(-), rods 


Test for Absence of Ciostridium Species 

Test Preparation—Prepare as dfrecled for Sampling. [Notę—O n the basls of results for Preparatory Testing, modify the Test 
Preparation as appropna te*] 

Procedurę—Take two equal portions of the Test Preparation , heat one to 80° for 10 minutes, and cool rapidly. Transfer 10 
mL of each portion to sep a ratę oontainers, each containing 100 mL of Reinforced Medium for Clostridia, and incubate under 
anaerobic conditions at 35° to 37* for 48 hours* After incubation, subculture each specimen on Columbio Agor Medium to 
which gentamicin has been added, and incubate under anaerobic conditions at 35° to 37° for 48 hours* Examine the plates, 
and interpret with reference to Tobie 4: if no growth of microorganisms is detected, the test specimen meets the requirement 
for the absence of Clostridium species. 


labie 4. Characteristics of Clostridium Species on Specified Media 


Medium 

Gram Stain 

Catalase 

Reinforced Medium for Chsłńdia 

(+), rods 

Negative 

Columbia Agar 

(+), rods 


If growth occurs, subculture each distmet colony on Columbio Agar Medium, and separately incubate in aerabic and in anae- 
robie conditions at 35° to 37° for 48 hours. The occurrence of only anaerobic growth of gram-positive badlli, giving a negative 
catafase reaction, indicates the presence of Clostridium sporogenes, To perform the catałase test, transfer discrete colonres to 
glass siides, and appfy a drop of dilute hydrogen peroxide solution: the reaction is negatzve if no gas bubbles evolve. If the test 
specimen exhibte nonę of these characteristics, it meets the reguirement for the absence of Clostridium species. 

Retest 

For the purpose of confirming a doubtful result by any of the procedures outlined in the foregoing tests fdlowing their ap- 
plication to a lOg specimen, a retest on a 25 g specimen of the nutritional or dietary supplement may be conducted* Proceed 
as directed under Procedurę , but make allowances for the arger specimen size. 


(2023) MICROBIOLOGICAL ATTRIBUTES OF NONSTERILE 
NUTRITIONAL AND DIETARY SUPPLEMENTS 


INTRODUCTION 

The raw matenals, pharmaceutical ingredients, and aotiye ingredients used in the manufacture of nutritional and dietary artr- 
des may rangę from chemically synthesized vitamins to plant extracts and animal byproducts, and these ingredients are typi- 
cally not stenie. Considerable experience has accrued with these highly refined plant- and animal-derived pharmaceutical in¬ 
gredients, such as microcrystaJline cellulose, modified starch, lactose, and magnesium stearate, and their microbiological at- 
tributes are weil established. Sotanicals may be microbiotogically contaminated at any point during cultiyation, harvesting, 
Processing, packing, and distribution. Major sources of microbial contamination are assodated with human or animal feces 
used as plant manure; contaminated irrigation water and/or process water; and poor worker hygiene and sanitation practices 
during haryesting, sorting, processing, packaging, and transportation. Furthermore, it is essential that microbiological contam¬ 
ination be mlnimized during the manufacture of nonsterile dietary supplements. To achieye Lhis, Good Manufacturing Practi¬ 
ces are employed and adeguate microbiological specifications are established. 

Microbiological process control, control of the bioburden of raw materials, and eon troi of the manufacturing process to min- 
imize cross-contamination are necessaiy to guarantee acceptable microbial quality in the finał dosage forms. Because nonaqu- 
eous or dry dosage forms do not support microbial growtn because of Iow water activity, the microbial quality of such articles 
is a function of the microorganisms introduced through ingredients or during processing. In addition to considering the Inten- 
ded use of the product, the frequency of microbial testing for the fmished nonsterile dietary supplement woyId be a function 
of the historicaf microbial testing database of that product, knowiedge of the manufacturing processes, the susceptibility of the 
formulation to microbial proiiferation, and the demonstrated effectiveness of programs controlling the raw materials. 
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FORMULATION AND PROCESS DESIGN 

From a microbiological perspective, the development of the formulation ot nutritional or dietary supplements includes an 
evaluation of raw materlals and their suppliers and the contribution madę to the products by each ingredient and the manu- 
facturing processes* Characterization of these elements allows the adequacy of the manufacturing process to be demonstrated. 
For examplą if a product is formufated with an ingredient of botanical or animai origtn known to possess a high, variable, or 
unpredictabie ievel of micmbiological contamination, it is necessary to ensure that the microbiological monitoring identifies 
ingredients that have an inappropriate bioburden level and that a premanufacturing process such as drying, extrattion, heat 
treatment, irradiation, or gaseous sterilizadon treatment will inactivate or remove any objectionable contaminant possibly 
present. 

However, the selected treatment technique should not have any adverse effects. The treatment of raw materia Is by irradia- 
tion and ethylene oxide may cause unwanted changes affecting the safety and efficacy of the raw materiał. For instance, when 
treated by ethylene oxide, crude extracts contarnrng alkaloids have shown reduced contents of alkaioids. Dry heat treatment 
has been used for inactivation as well, but reąuires further evaluation because it may adversely affect stabrlity and degradation 
of the raw materiał. With regard to the design of the manufacturing process, appropriate consideration shouJd be given to the 
microbioiogical effect of wet granulation manufacturing processes. Wetting of a dry powder can result in Increased Ievels of 
microorganisms if the granulation is stored prior to drying. However, it is recognized that the pressure and temperaturę associ- 
ated with compression of tablets will decrease microbial counts* Antimicrobial activity is also achieved, especially with agueous 
preparations, by the addition of Chemicals that have known antimicrobial properties and that are compadbie with the formula* 
tion* 

However, antimicrobial preservation is not a substitute for Good Manufacturing Practices. A process has to be designed to 
minimize the microbiological population. Operating procedures, temperatures, and time )imits, including holding times, are 
established to protect the product from microbioiogical contamination and growth. Ali processes have to be vafidated for their 
intended purposes. Moreover, improcess manufacturing and testing Controls necessary for microbiological quality should be 
identified ancf implemented. 

FACILIT1ES, EQUEPMENT, WATER, AND SANITIZATION 

Fadlities 

The fadlities, including the building and the heating, ventiiation, and air-conditioning (HVAC) systems, should be designed 
to minimize microbiological contamination. The design of fadlities used for the manufacture of supplements and their operat¬ 
ing parameters should be documented, and the documentation should include, when appropriate, HVAC filter types, space 
pressure differentials, temperaturę, and relative humidity and air changes. Dry products processed in a dry environment do not 
possess a high potential for increased microbial levels. However, some control is warranted to minimize microbiological and 
Chemical contamination. Potentially problematic areas are those that utilize Purified Water for wet granulation, batching tiąuid 
products, and film-coating tablets, because water encourages microbial growth. 

Equipmerit 

Eguipment used for the processing of semisolid and dry supplements should be designed to promote san i tary conditrons, to 
be seif-drying, and to be easy to dean. Dryers, ovens, wet granulation equipment, bulk tanks, and eąuipmentfor preparation 
of coating Solutions are periodically evaluated to ensure that cleaning procedures are adeguate* 

Water 

As one of the major components in nutritional and dietary supplement manufacturing processes, water deserves a special 
consideration in the microbiological control of these articles. ft is a growth medium for a varfety of microorganisms that 
present a threat to product quality, safety, preservatton, and stability. Water may even act as a earrier of objectionable microor¬ 
ganisms. In view of this, water used in manufacturing is Purified Water. For the manufacture of raw materia Is, process water 
that meets specific microbiological objectives and U.5, Environmental Protection Agency National Drinking Water standards or 
equivalent European and japanese standards may be used. 

Cleaning and Sanitization 

Detailed and specific cleaning and sanitization procedures should be evaluated, devefoped, and vaiidated, with special atten- 
tion given to product contact surfaces. Personnef should possess sufficient knowfedge of these procedures. 


General Chapters 
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SUPPLEMENT CONIPONENTS 

Raw materials, excipients, and active substances as components of nutritionai and dietary supplements can be a primary 
source of microbiologicaf contamination. Spedfications should be developed and sampling plans and test procedures should 
be employed to guarantee the desired microbiological attributes of these materials* The naturę and extent of microbtologicat 
testing should be based upon a knowledge of the materiats origin, its manufacturing process, use, historical data, and experi- 
ence. For instanee, materials of animaf or botanical origin that are not highly refined might reguire special, morę freguent test¬ 
ing than synthetic products. 

Since members of the family Enterobacteriaceae are a major component of the norma) epiphytic and endophytic mieroflora 
(e.g., members of genera Ktebsiella, Enterobacter, and Erwinia) and have been associated with the seeds, pods, roots, leaves, 
and stems of plants of economic importance, coliform or Enterobacteriaceae counts will not be an approprrate generał micro¬ 
biological criterion for botanicals. However, when it is considered advantageous, coliform or Enterobacteriaceae counts may be 
included in the individual monographs. Typicaliy on new leaves, bacteria predominate in the microflora, whileyeast and fila- 
mentous fungi succeed bacteria and become dominant late in the growing seasom With dried botanicals, the bacterial popula- 
tion will tend to change from Gram-negative bacteria to Gram-positive spore formers and fungi Refinement of botanicals from 
chopped or powdered plant materiał to powdered extracts using alcoholic, alkaline, acid hydro-alcoholic, or aqueous extract* 
ing materials wilj reduce the likelihood of vegetative microorganisms within the botanical materiał The dassification of botani¬ 
cal materials is contained in Tobie 1. 


Table 1, Definitionś of a Rangę of Botanical Materials 


Botanical Preparation 

Definitton 

Chopped or Powdered Botanicals 

Hand-picked portions of the botanical (e.g., feaves, flowers, roots, tu bers, etc.) 
that are air dried, chopped, flaked, secrioned, ground, or pulverized to the eon- 
sistency of a powder. 

Botanical Extracts 

Extraets are solid* or semisolid preparattons of a botanical that are prepared by 
pereoiation, filtration, and eon cent rat ion by evaporation of the percofate. The 
extracting materiał may be alcoholic, alkaline, add hydra-alcoholic, or aqueous 
in naturę. Typicaliy, an extract is 4-10 limes as strang as the original botanical. 
The extracts may be semisollds or dry powders termed powdered extracts* 

Tnctures 

Tlnctures are Solutions of botanical substances in alcołiol obtained by extraction 
of the powdered, flaked, or sectioned botanical. 

infusions 

Infusions are Solutions of botanical pond pies obtained by soaking the powdered 
botanical in hot or cold water for a specified time and stratning, Typicaliy, infu¬ 
sions are 5% in strength. 

Decoctions 

Decoctions are Solutions of botanicals prepared by boiling the materia! in water 
for at least 15 min and straining. Typicaliy, decoctions are S% in strength. 

Fluidextracts 

A Nuidextract is an alcoholic liquid extract madę by percofation of a botanical so 
that 1 ml of the fiuidextract represents 1 g of the botanical. 

Botanicals to be treated with boiling water before use 

Dried botanicals to which boiling water Is added immediately prior to consump- 
tlon. 


MICROBIOLOGICAL TESTING 

Frequency of Sampling and Testing 

Microbiological attribute sampling and testing plans vary widely. In some cases, no sampling or testing is netessary; in other 
cases, periodic monitoring ts warranted; and yet for some articles, each batch requires sampling and testing, The design of the 
sampling and testing plans and the ktnd of attributes examined depend on the application and the type of the product, the 
potential for contamination from components and processing, the growth promotion or inhibition properties of the formula- 
don, and the target population for the supplement. For example, a powdered botanical may have highly variable microbiolog¬ 
ical attributes so that an incoming batch would be sampled and composite testing would not be advised, while a highly re¬ 
fined botanical extract may not require routine microbial testing. Similariy, products with a Iow water activity will not be sus- 
ceptible to microbial growth during their shelf life provided they are protected from elevated humidity by their containers* 

Microbial Enumeration Tests 

See the Introduction under Microbial Enumeration Tests—Nutritionai and Dietary Supplements <2021 }* These tests provide 
meaningful Information regarding the microbiological acceptability of excipients, active substances, and nonstehle supplement 
formulations. If the individual monograph does not specify microbial enumeration Jimits, the gutdance provided in this chapter 
is used. Acceptable generał Jimits of microbial !evels for raw materials, exdpients, and botanical products are shown in Tobie 2; 
and those for raw materials, excipients, active ingredients, and other nonsterilefinished articles that are nutritionai supple¬ 
ments, but do not contain botanicals, are shown in Table i* 
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Table 2> Recommended Microb ia l Umfts for Botanlcal Ingredients and Products 


Materiał 

Recommended Microbial Limit Reąuirements 
(cfu/g or mL) 

Dried or Powdered Botanicals 

Total aerobic microbial Count NMT TO 5 

Total combined yeasts and mofds count NMT 10 J 

Bife*toferant Grammegalive bacteria NMT 10 3 

Absence of Salmonella spp. and E coli in 10 g 

Powdered Botanical Extracts 

Total aerobic mtcrobral count NMT 1Q 4 

Totat combined yeasts and molds count NMT 10 3 

Absence of Salmonella spp. and £ coli in 10 g 

Tinctures 

Total aerobic micmbial count NMT 10 4 

Total combined yeasts and molds count NMT TO 3 

Fluldextracts 

Total aerobic micmbial count NMT 10 J 

Total combined yeasts and molds count NMT 10 3 

Infusions/Decoctions 

Total aerobic microbial count NMT 10 2 

Total combined yeasts and molds count NMT 10 

Nutritional Supplements with Botanicafs 

Total aerobic microbial count NMT 10 4 

Total combined yeasts and molds count NMT TO 3 

Absence of Salmonella spp. and E coli in 10 g 

Botanicafs to be treated with boiling water before use 

Total aerobic microbial count NMT 10 6 

Total combined yeasts and molds count NMT 10 4 

Bile-tolerant Grammegathre bacteria NMT 1 0 2 

Absence of £. coli and Salmonella spp. in 10 g 


Table 3, Recommcnded Microbial Limits for Dietary Supplement Ingredłenti and Products 


Materiał 

Recommended Microbial Limit Reąuirements 
(cfu/g or mL) 

Other raw materia Is and 
dietary supplement ingredients 

Total aerobic microbial count NMT IG 3 

Total combined yeasts and molds count NMT 1Q 2 

Absence of £ coli in 10 g 

Nutritional supplements with synthetic or highly refined ingredients 

Total aerobic microbial count NMT 1Q 3 

Total combined yeasts and molds count NMT 1G* 

Absence of £ coli in 10 g 


Absence of Objectionable Microorganisms 


See Introduction under Microbiological Procedures for Absence of Specified Microorganisms—Nutritionaf and Dietary Supplements 
{2022). Absence of one or morę spedes of objectionable microorganisms is required in some indivtdual monographs. 

Test for Aflatoxins 

Dietary and nutritional artides containing botanical products with a history of mycotoxin contamination are also typically 
tested for afłatoxins, espedally if the materiał is obtained from roots or rhizomes. See Artides of Botanical Origin (561} for the 
detaifs of a test for aflatoxins. Where necessary, thls test is included in the individual monograph. 

Solid Orał Dosage Forms 

Among afl dosage forms, solid orał dosage forms present the lowest microbiological risk because of their method of manu- 
facture, Iow water activity, and route of administratiom When justified, reduced microbiological testing may be appropriate. 

Other Concerns 

The presence of some microorganisms in artides can be an indfcator of protesses that are not under microbiological eon trok 
For example, Purified Water used al some stage of the manufacture of these products might contain a typical flora of Gram- 
negative microorganisms. As with pharmaceutical products, inadequate processing of water and poor maintenance of water 
systems may result rn the contamination of processed formulations by Gram-negative microorganisms. 


General Chapters 
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(2030) SUPPLEMENTAL INFORMATION FOR ARTICLES OF BOTANICAL 

ORIGIN 


This generał chapter provides Information about several aspects of botanical articles not covered in USP standards mono¬ 
graphs. Although the standards m the monographs address the guality issues associated with botanical plant materiais, ex- 
tracts, and preparations of Pharmacopeial articles, there is a need to deveIop approprlate Information to optimize the pre-har- 
vest conditions for approprlate growth and the post-harvest handling to achieve consistent quality with minimum variations in 
the composition of Chemical constituents. 

PROTOCOL CONTENTS 

Black Cohosh (Acfoeo rocemosa L) 

Ginger (Zingiber officinale Roscoe) 

Valerian (Vaienona offidnalis L.) 

Efm (Ulmus rubra Muhlenberg) 

GENERAL GUIDANCES 

It is recommended that, at a minimum, growers and others invoived m the handling and distribution of botanical products 
should becorne famifiar with and fol Iow the WHO Guidelines on Good Agricultural and Collection Practices (GACP) for Medici- 
nal Plants (found at http://whqlibdoc.who.int/publications/2003/9241540271 .pdf). 

Commercial trade in natura! products occurs in a global market Materiał of domestic origin must be produced in tompli- 
ance with alł federal laws of the United States, Materiał of foreign origin, imported into the U. 5., must be produced and trans- 
ported in compliance with the laws of the U.5., the country of origin, and relevant international treaties, These indude, but 
may not be limited to, the following: 

1. The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) is an Internationa! agree- 
ment between goyernments. Its aim is to ensure that international trade in specimens of wild animals and plants does not 
threaten their survivaL Information about CITES is available at http://www.cites.org, 

2. The Convention on Biological Diversi1y (CBD) establishes three main goals: the con$ervation of biological diversity, the 
sustainable use of its components, and the fair and eguitable sharing of the benefits from the use of genetic resources, 
Each country that has ratrfied and ts a party to the Convention Is responsible for implementation by means of na tlona J 
enabling legislation that can differ from country to country, 

3. The Endangered Species Act (ESA) was originalfy adopted in 1973, The ESA is a law that aims to protect species of flsh, 
wildllfe, and plants believed to be threatened with extinction. The ESA is administered primarily by the U.S. Fish and Wild- 
life Service. Fuli text of the act is availabie at: http://epw.senate.gov/esa73.pdf. 

Provided below is additiona! Information not covered in the compendial specifications: compendial history; sources; collec¬ 
tion and cultivation # includmg common adulterants; and drying, storing, and shipping. This information is provided to com- 
plement the standards for guality contro! in the monographs for botanical articles. 

Compendial History—The focus in this section is on historical compendial use that has strong validity, with only fonef refer- 
ence to anecdotal use. This is important information because traditional use is one of the elements taken into consideration to 
support the safety and the presumptions of benefits of botanical dietary supplements. 

Sources—Induded here is the point of origin of the botanical; it also encompasses cultivation (defined as agricultural grow- 
rng) and wildcraftlng (defined as coilected in the wild), along with a listing of the primary geographical (native) areas of pro- 
duction. 

Collection and Cultivation—This section discusses wildcrafting, the conservation of restricted and rare species, and the 
trend to cultivation as an ecofogical alternative; such optimal harvesting and collection practices serve to preserve the integrity 
of species and botanical products. It is divided into three subsections: 

1. Collection (con$ervation and ecology) 

2. Cultivation Practices 

3. Optimal Times for Harvest 

Post-Harvest Handling (Optimal Handling and Processing Practices, Drying, Storage, and Shipping)—Important fac- 
tors regarding storage of herbal products and how they should be maintained indude the following. 

1. Light: Protection from light is important for botanical articles. Ljght accelerates numerous Chemical processes that may 
lead to degradation or changes in the constituents of the articles. 

2. Temperaturę: Storage temperatures in this Phormaeopeia are defined in the Cenero/ Notkes. Excessive heat may affect the 
content of volattle constituents (essentiaf oils) and accelerate degradation prooesses. However, heat freatments are some- 
times useful in the malntenance of the artide's guality and can be used in drying, redudng microbial load, and inhibiting 
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certain enzymes. Heat application during these processes must be carefulfy controlled to achreve the desired baJance be- 
tween degradation and gualfty conseryation* 

3. Humidity: Moisture in the articles may allow certain enzymes such as gfycosidases to become active, hence degrading 
constituents, High humidity aiso increases the dangerof microbial proliferation. As a rule, it is advisable to storę botanical 
articles betów 60% relative humidity, Although controlled humidity and temperaturę warehouses are now regurred in 
many good manufacturing practices for natura! products, much of the world still tacks access to these facilitres. 

4. Degree of Comminution: The degree of comminution plays a role in determining the sta bil i ty of the botanical articles dur¬ 
ing storage. The mcreased surface area in fine powders allows oxidation and other degradation processes to occur morę 
extensively and rapidly than in the case of a whole artide. Plants containing tannins, bitter substances, and essentfal oils 
are particuiariy sensitive to the degree of comminution, In generał, dried crude botanicals should be stored in a minimally 
processed form. 

5. Container: Appropriate containers are defined in this Pharmacopeta in the General Notkes. 

Constituents—Where known, the substances mainly responsible for the activity of the product are fisted, along with other 
compounds contained in the plant. 

SUPPLEMENTAL INFORMATION AND GENERAL CU1DANCE PROTOCOLS 

Black Cohosh Actaea racemosa L [Cimicifuga racemosa (L.) Nutt] (Fam. Ranunculaceae) 

BOTANICAL IDENTIFICATION 

Actaea racemosa L, Herbaceous perennial from rhizome, 

Stern: Erect, sofitary, to 2,5 m tali, glabrous, 

Leaves: Basal and cauline, altem a te, 2-4-temately compound, petioles 15 to 60 cm long, bases clasping stem; leaflets 20 
to 70; terminal ieafiet of central division 3-lobed, 6 to 15 cm long, 6 to 16,5 cm wide, with 3 prominent vetns arising from 
base; subterminal leaflets with bfades ovate-lanceolate to obovate, 4 to 12 cm long and 3 to 8 cm wide; margins toothed to 
deeply incised; green above, paler below; glabrous or rarely pubescent along veins of undersurface. 

inflorescence: Terminal panide of 4 to 9 slender branches, each 7 to 60 cm long, pubescent; 1 bract subtending each 
pediceL 

Flowers: Perfect, radially symmetric; sepals 4, greenish-white, caducous; petals 0; staminodes (1-) 4 (-8), petaloid, 
cream-colored, 2 to 3 mm long, clawed, apex bifid; stamens 55 to 110; pistils 1 (-3), glabrous to pubescent, ovary superior, 
style short, stigma 0.5 mm wide. 

Fruit: Many-seeded follicle, 5 to 10 mm long, ovoid, laterally compressed with curved, stout beak (peristent style), pu¬ 
bescent; seeds hemispheric, brown, scales lacktng. 

Chromosome number: n = 8. 

There are currently two varieties of A racemosa recognized on the basis of differences in leaf morphology: var, racemosa and 
var. dissecta. The former variety has trrternate-pinnate leaves with serrate margins, while the latter has guadriternate-pinnate 
leaves Lhat are deeply incised with serrate lobes, Yariety dissecta is only known from very few herbarium specimens, all of 
which were collected well over 100 years ago, making this taxon of uncertain taxonomic significance, 

COMPENDIAL HI STORY 

Black cohosh appeared on the secondary list of substances in the first United States Pharmacopoeia (USP) of 1820, where it 
was Nsted as an anti-inflammatory and antispasmodic It soon rosę to the primary list in 1830, a position il held until the IGth 
decennial revision of 1920. Black cohosh appeared in the first edition of the United States Dispensatory (USD) in 1833 and re- 
mained through 1955 for a total of 122 years. Carrying forward the tradirional Native American use of black cohosh for wom- 
en 1 * ailments and Barton 1 * use for throat complaints, current therapeutfcs finds the plant used in a number of preparations for 
coughs and for gynecofogical disorders, In 2001, both the rhizome and the dry rhizome extract of black cohosh were pro- 
posed once again for indusion in the United States Pharmocopeia-Natianal Formulary (USP-NP). (See revised proposal on page 
1455 of PF 28(5) [Sept.~Oc£. 2002].) The monograph became official in the Second Supplement to USP 30-NF25. 

CONSTITUENTS 

Major constituents of black cohosh are triterpene glycosides prindpally as beta-xylopyranosides and alpha-arabinopyrano- 
sides. The aglycones are mostly derived from acteol and dmigenoL The nomendature of these compounds is quite confusing 
in the literaturę, with different na mes often given to the same compounds. A eydopropane ring is a common feature of these 
compounds, which are structurally related to cycloartenoL The isoflavone formononetin has been reported in some publica- 
tions; however, recent evidence indicates its absence in the roots and rhizomes of Actaea racemosa Other constituents include 
tannins, resin, fatty acids, starch, sugars, and aromatic acids includrng ferulic acid, isoferulic acid, eaffeic add, and salicylic acid. 


General Chapter'; 
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SOURCES AND DISTRIBUTION 

Sources—Black cohosh can be found in moist deciduous forests, ravine$, moist meadows, creek margins, and mountainous 
terratn. Black cohosh flowers from )une to September and is native to eastern North America from Ontario south to Georgia 
and west to Missouri. The en tire supply of black cohosh comes from the United States. The major producers of black cohosh 
are Kentucky and Tennessee, with additional supplies Corning from Georgia, Michigan, North Carolina, Ohio, South Carolina, 
Virginia, West Virginia, and Wisconstn. Although there are reports of black cohosh being grown in China and India for export, 
the true identity of the cultivated materiał has not been verified and may welt be an Asian species of Actaeo such as A • amidfu¬ 
ga (syn. Cimidfuga foetida). The vast majority of the commerdal black cohosh is wild harvested. Concern over the consen/ation 
of black cohosh due to increasing demand makes this species a good candidate for cultivation. 

Distribution—North America (Ontario; Georgia, Kentucky, Michigan, Missouri, North Carolina, Ohio, South Carolina, Ten¬ 
nessee, Virginia, West Virginia, and Wisconsin); China; and India. 

COLLECTION AND CUUWATIGN 

Coflection (Conservation and Ecology)—Traditionally, black cohosh has been harvested after plants become reproduc- 
tive, which occurs anywhere from 2 to 8 years of age in cultivated plants, depending on growing techniques (see Cultivotion 
Practices). A portion of the rhizome with a visible bud on it should be left in the ground to resprout the following year. There is 
no published Information on the relationship between the constituent profile of the rhizome and its age, growing conditions, 
or place of origin, although such studies are underway. The impact of harvest on wild populations of black cohosh is currently 
unknown, and sources differ in theiropinion about it. Whereas some maintain that current levels of harvest threaten the viabfl- 
ity of wild populations, others feel that sustainable harvesting is possible at current levels of demand. A study of sustainable 
harvest limits is currenriy underway. The regulatory status regarding the trade of black cohosh is under review by CITES. Re- 
fraining from harvesting plants until after they have set seed and leawng a portion of the rhizome in the ground to resprout 
are key components to sustainable harvesting. 

Cultivation Practices—Black cohosh is grown from rhizome cuttings or seeds and reąuires some shading, depending on 
altftude and other environmental conditions. 1f grown from rhizome cuttings, a plant takes 2 to 3 years to become reproduc- 
tive; grown from seed sown in the greenhouse and then pianted, takes 4 to 6 years; direct-seeded may take from 6 to 8 years. 
Preliminary work indicates that black cohosh can be propagated successfully using in vitro techniques. 

Optima! Times for Harvest—Rhizomes and roots should be harvested in autumn when the plant is domnant. At that time 
the underground portions of the plant have lower moisture content than in other seasons. Fali !wvesting also allows plants to 
produce maturę seeds before being uprooled. 


PQ5T-HARVE$T HANDLING 

Optima! Handling and Processing Practices—Rhizomes with roots may be processed fresh or dried. They should be thor- 
oughiy washed directly after harvest and then laid out to dry. Freshly harvested roots should be solid but not woody. 

Drying—Rhizomes with roots are cut and air-dried at 35° to 45°. They are Fuily dried when they are brittle and snap easily 
and when no moisture is evident in cross section, either visibly or to the touch. 

Sforage—Follow generał guidelines for storage by packing in airtight containers protected from Irght, heat, moisture, and 
insect infestation. 


ADULTERANTS AND GONTAMINANTS 

Other species of Actaea, especially yellow cohosh (A. podocarpa syn. Cimidfuga americono), have commonly been mixed with 
A. racemosa because of simifarity in aboveground appearance and common growing habitat between species. The two species 
can be distinguished by differences in their freshly han/ested underground parts; the fresh rhizome of A, podocarpa has a dis- 
tinct yellowish hue, whereas that of A, racemoso is black. The rhizomes of both species are far morę difficult to tell apart when 
dry because A. podocarpa darkens upon drying. The underground portions of baneberry (Actaea pachypoda and A . rubra) occur 
as occasional adulterants of black cohosh supplies. Frutting plants of baneberry may be distinguished from black cohosh by 
theirfleshy white or red poisonous berries, which contrast with the dry follicles of black cohosh. No Information was avai labie 
on how to distinguish the underground portions of black cohosh and baneberry from each other. According to one herb deal¬ 
er, the roots of baneberry are smatler than those of black cohosh, and therefore are not often harvested by wildcrafters. In the 
Pacific Northwest, Actoea data (syn. Cimidfuga data) is collected for medictnal use* 

Ginger Zingiber officinale Roscoe (Fam. Zingiberaceae) 

BOTANICAL IDENTIFICATION 

Zingiber offkinaie Roscoe. Herbaceous perennial from tuberous rhizome, aromatic because of the presence of votatile oils. 
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Stern: Erect, unbranched pseudostem formed by the tighl overlap of sheathing leaf bases; 0.9 to 1.5 m tali. 

Leaf: Simple, alternate and two-ranked, sessile or petioles short with bases sheathing the stem and a ligule where the leaf 
base meets the stem; blade linear to narrowly łanceolate, 15 to 25 cm long, 1.5 to 3 cm wide; margin entire; glabrous to 
pubescent 

Inftorescence: Terminal spike, 3*5 to 8 cm long, 1.5 to 2 cm wide, with conspicuous spirally arranged pnmary bracts; 
usually borne on spedalized leaf less stems. 

Flower: Perfeet, bifaterally symmetric; calyx tubular with 3 lobes; corolla tubę 2 to 2.5 cm long with lanceolate apical 
lobes, 1*5 to 2 cm long, 2 to 3.5 mm wide, greenish yellow; stamen 1, anther crearmcolored with dark purple, ełongated 
connective grasping upper part of style; staminodes 4, petaloid, 2 fused In to an erect, oyate-oblong lip that is duli purple with 
cream mottiing; ovary interior; style 1, slender, exerted beyond connective. 

Fmit: Loculiddal eapsuie; seeds shiny bfack with a white arii 

Chromosome number: n = 11. 

There are several different varretie$ and forms of ginger. The varying morphological characteristics of these are displayed in 
Tobie 7, 


Tabłe 1. MorptioJogkal and Key Characterlstks of Cinger from Different Areas of Production 


Source 

Form 

Aro ma 

Color (External) 

Afri ca 

Fiat surface*, mostly peeEed, starchy 
and ftbrous; 9 cm long, 1 *5 cm wrde 

Poor quality iś recog- 
nized by its camphor- 
aceous arom a 

Uncut surface dark graylsh- 
brown; cut surface brownish- 
black 

Australia 


Citrus-like 

Buff 

Bengal 

Fiat surfaces, scraped 


Gray-brown 

China 

Short stumpy lobes, unscraped, 
mostly sticed 

Strong, floral to citrus 

Pale brown 

Coehin 

Lateral surfaces lacking cork 

Strong, floral to citrus 

Cream color with numerous 
black resin dots 

Jamaica 

(unbfeached) 

Up to 12 cm long, 1 cm wide; 
surfaces completely peeled; 
starchy and ftbrous tbin carte* 

Delicate, citaisdike 

All surfaces yellow-brown 

Japan 

Up to 7 cm long, 12 mm wide; fiat 
surfaces usually completely peefed; 
starchy and fibrous thick cortex 

Bergamot-like 

Externaliy gray-white to light 
graylsh-brown, often with 
wbite powder from being 
coated with limę 

Malabar 
(Cochin and 

Calcutta) 

Cork layer completely removed, 
mostly treated with chalk 

Citrus-like 

Al most white 

Nigeria 

Smalier In size than other varieties, 
rather less deepty scraped 

Delicate 

Somewhat darker than other yarielies 


COMPENDIAL HI STORY 

Ginger was official in the United States Pharmacopoeia from the first editron of 1820 through the fourteenth revision of 1950, 
often appearing in multiple preparations. It also appeared in all editions of the United States Dhpensolory from 1833 through 
the finał edition of 1973, where it was described as "'a stimufant and carminative that has been used for treatment of dtspepsia 
and flatulent colic w . 


CONSTITUENTS 

The essential oils and the pungent principles make up some of the major components of the rhizome of ginger: 4.0% to 
10.0% of the rhizome consists of an oleoresin composed of nonvolatile, pungent principles (phenols such as gingerols and 
their related dehydration products, shogaols); nonpungent fats and their waxes. The essential oil (1% to 3%) contains sesquh 
terpenes and monoterpenes, mainly geranial and nerals* Generally, but not always, sesguiterpenes predominate (30% to 
70%), such as zingiberene, sesguiphellandrene, and beta-bisabolene, which decompose on dtying and storage. The nonvola- 
tile pungent principles tndude the phenylalkanones, the gingerols, and the phenylalkanonols, shogaols with varying chain 
lengths. 


SOURCES AND DISTRIBUTION 

Sources—Ginger is cultivated in most tropical and subtropical countries to greater or lesser degrees, The wodd production 
is estimated to be 100,000 tons. China and India are reported to be the primary areas of production* Approximately 5000 tons 
of ginger are Imported into the United States. An estimated 80% of this comes from China. In China, Sichuan and Guizhou 
provinces reportedly produce the largest guantkies and highest guality* It is also produced in Guangdong, Hubei, Shandong, 
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Shanxi, and Zhejian provinces. Most of the dried ginger from China avatlable In the United States Has had the cortex scraped 
or rubbed off before it is dried. This gives it a whitish appearance. The freshly dug root is soaked overnight in water, scraped 
with a knife to remove the outer cortex, and then sun-dried. It has been reported that high arsenie levels in the soil of Changn- 
ing County of Hunan Pravince, China, has negativeiy affected ginger ylefds. 

In India, ginger is grown on a large scalę in the warm, moist regions of Madras and Cochin, and to a lesser extent in Bengal 
and the Punjab. Varieties grown in Bengal are reportedly the highest quality materiał in India. Other areas of production in- 
clude Africa (Nigeria and Sierra Leone), Australia, the East Indies, Fiji, Hawaii, and Jamaica. The morphological characterJstics of 
ginger cultiyated in these different areas are outlined in Tubie h 
In older literaturę, Jamaican ginger is reported to be the highest quality and the most aromatic, though supplies are limfted. 

Drstribution—Most tropical and subtropical countries, such as Australia, China (Guangdong, Gulzhou, Hubei, Shandong, 
Shanxi, Sichuan, and Zhejian provinces), India (Bengal, Cochin, Malabar), the East Indies, Fiji, Jamaica, Japan, Nigeria, and Si¬ 
erra Leone. Hawaii in the United States. 


COLLECTION AND CULT!VATION 

Coflection (Conservation and Ecology)—AA/hen the stems wither and are whlte, the rhizomes are ready for coflection. 
Usually ginger Is harvested after 6 months of growth at the earliest, and sometimes not until as late as 20 months; or to obtain 
larger roots, it is harvested in January or February of the second year of growth. In tropical and subtropical areas, roots are 
harvested as early as 4 months of growth, because they tend to become fibrous and tough as they get older. As ginger ma- 
tures, it becomes morę fibrous and stronger in flavor Ginger harvest can be described in three stagesr 

1. Ginger that has been harvested earfy is known as green ginger and is traded as fresh ginger. It is succulent and tender, 
mellow, and mildly aromatic with a floral or lemony aroma and mild flavor. 

2. GEnger harvested a few months later is morę fibrous and drier and is collected for drying and may be sold as a full-fla- 
vored, pungent dried whole ginger. 

3. The last harvest is usually around 9 months and yields the strongest ginger, which is quite dry and also richest in pungent 
components. This ginger is dried and then ground into powden 

Cultivation Practices—Ginger is a perennial herb that grows well at subtropical temperatures where the rainfail is at least 
1.98 meters per year. The plant is stenie and is grown by vegetative means. Selected pieces of rhizome ("seed preces" or 
"setts"), each beanng a bud, are planted in holes or trenches. Ideally the soli should be weibdrained, nch clay loam. The grow- 
ing conditions resemble those of potato cultivation, Mutching or manurlng is necessary because the plant rapldly exhausts the 
soil of nutrients. 

Ginger is susceptible to waterlogging and root rot. Preventive methods include using only the deanest ginger for planting 
and washing it with fungicide before planting. A study growing ginger hydroponicafly yielded up to 125 tons per hectare in 6 
to 7 months compared to 35 tons per hectare when grown in soil. 

Optimal Times for Hanrest: typicaily in December or January. 

POST-HARVEST HANDLING 

Optimal Handfing and Processing Practrces—After harvesting, the rhizome is deaned and stripped of its stems and roots. 
Each area processes its ginger differently after harvest. This results in the different ąuality and commercial grades avaitable on 
the market. Green ginger consists of the rhizomes sent to market without drying. Unscraped or partiafly scraped varteties are 
traded as coated or black ginger. These roots have been scalded with boiiing water and dried gutckly. When dry, black ginger 
breaks with a horny, blaekish, somewhat diaphanous fracture, due to the pasty condition of the starch. White ginger is bieach- 
ed, usually by rubbing with chalk or limę, to lighten its color and to prevent insect infestatfon. Preserved ginger consists of 
soft, yellowish-brown pieces obtained by steeping the fresh ginger in hot syrup and carefully bottling. It is soft, brown-yellow 
and translucent. When baked, ginger loses its pungenty and acquires a bitter taste. 

Drying—In generał, after harvest, the fresh roots are washed, and the whole dark outer skin, consisting of cork and a łittle 
underlying parenchyma, is scraped away. Scraping speeds up the drying time of the crude drug. However, exces$ive scraping 
can result in lower concentrations of essential oil that is lost with the discarded epidermal tissue. After scraping, the rhizomes 
are then laid out on dean fioors and dried in the sun for 7 to 10 days. During this time they are oocasionaJly tumed and are 
piled up every night. If the fresh rhizomes are tao fleshy or moist, drying will take longer and the product will end up looking 
$hriveied. To obtain a whiter product, the ginger is moistened after 5 or 6 days and dried for another 2 days, at which time it 
is ready for export. Dried ginger is morę pungent and stronger in taste than fresh ginger. 

Storage—Storę in a tightly closed Container, protected from light and moisture, in a cool area. A study was done on ginger 
harvested after 8, 9.5, 11, or 12 months. Samples were stored at 10° to 15° and 45% to 55% relative humidity or 25° to 30° 
and 75% re1ative humidity for 0, 4, or 8 weeks. Oil and oleoresin yields irrereased with the age of the ginger. Room tempera¬ 
turę storage had adverse effects, but refrigerated storage for up to 4 weeks had no effect on quality. When stored for extended 
periods of time, ground ginger loses its pungency. 
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ADULTERANTS 

Because gmger is so characteristic, unrntentional adulterants are rare* However, in East Asia sometimes the much larger Ze- 
doary cassumer and Zedoory zerumbet t along with Alpinia aitughas, are used and found in European commerce. They are easy 
to distmguish because of their characteristic aromas, Occasionalfy, Chinese sugar-candied "ginger" is prepared from Alpinia 
galangal. 

In older literaturę, other herbs have reportedly been used as adulterants, These indude various species of Curcuma, Capsh 
cum, and Grains of Paradise (Amomum melegueta) added to exhausted materiał in order to enbance color and pungency. 

Ginger powder is sometimes adulterated with plant starches such as those from wheat middlings, potatoes, corn, barley, 
rice, legumes, acorns, flaxseed meal, mannihot, oil cakes from linseed, rapeseed, mustard, almond meal, palm kernel or olives, 
hazelnut shells, and minerał additives. These may be easily identified microscopically. The extent of this type of adulteration in 
trade is unknown. 

Exhausted materiał should be considered an adulterant. 

Valerian Valeriana offidnalis L (Fam. Valerianaceae) 

BOTANICAL IDENTIFICATION 

Valenana offidnalis L Herbacious perenniai, rhizomatous. 

Stern: Solitafy, hollow, 15 to 150 cm, 

Leaf: Basa! and caulfne, opposite, oddly once pinnately lobed, lobes 11 to 21 lanceolate, entlre or dentate, basal leaves 
petiolate, cauline leaves subsessile to clasping. 

fnflorescence: Compound cymę, terminal or axillary, many pale pink to white, strongly scented flowers. 

Flower: Calyx 5-lobed, lobes inconspicuous in fbwer, becoming elongate and pappus-like in fruit, corolla funnel-form, 
slightly saccate at the base, 5-fobed, tubę A mm, lobes 1 mm, stamens 3, fila men ts attached to corolla tubę alternate to corol¬ 
la lobes, ovary tnferior, triloculate, uniovulate, only 1 locule fertile, stigma tripartite. 

Fruit: Achene crowned by persistent calyx, lanceolate-oblong, 4.5 to 5 mm, hairy or glabrous* Populations of V. officinaiis 
rangę in ploidy level from diploid to tetraploid or octaploid, British V: officinaiis is usualfy octaploid, and central European sup- 
plies are tetraploid, 

There are three subspecies of V . officinaiis : ssp. offidnalis , ssp. coflina (Wal Ir.) Nyman, and ssp* sambucifolia (Mikan fil) Ce lak 
Ali three of these subspecies, as weil as the other European species of valerian, V, repens Most, have been considered accepta- 
ble source materia! for medidnal preparations, 

Macroscoptc Identification—Various chemotypes will have slightly different characteristics. When dried, the whole rht- 
zame is up to 50 mm long and up to 30 mm in diameter, obconical to cylindricai, with an elongated or compressecl base* It 
has a yellowish-brown to dark brown exterior with a circular stem and leaf scars. The rhizome contains numerous thtck, light 
to dark brown rootlets that are located around a thin ligneous cord. The root is longitudinally wrinkled, approximately 100 
mm long and 1 to 3 mm in diameter, almost cylindrical, and almost the same color as the rhizome. tn fongitudinal section, the 
pith exhśbits a central cavity transversed by sepia. The stolons are 20 to 50 mm long, pale yellowish grey with prominent no- 
des separated by longitudinally striated internodes. It is commonly sliced in half for ease of cleaning. The rootlets, which eon- 
tain the majority of the essential oil, are brrttle and break in short, borny fractures and are whrtish or yellowish internally. Aro- 
ma: when dried properly, V , offidnaiis L, s.l. has only a very faint characteristic, va!eric acid-like aroma that becomes stronger 
as it ages. Improperly dried orold materiał possesses a strong and characteristic odor due to the enzymatic hydrofysis of esters 
of the valepotriates {isovaferic acid and hydroxyvaleric acid), Taste: mildly sweet and tamphoraceous with a slightly bitter and 
spicy aftertaste, 

COMPENDIAL HI STOR Y 

Valerian was official in the United States Phormocopoeia from the first edition of 1820 through the eleventh revison of 1930, 
often appearing in multiple preparations, At its peak from 1850 through 1880 it appeared slx to seven times in different prepa- 
rations* Valerian is among the top 30 most listed botanicals in the history of the U5P. The root of valerian has been used as a 
sedative and spasmolytic in Europę sińce the 16th cen tury. 

CONSTITUENT5 

Major constituents of valerian have been identified as sesquiterpenes of voiatiie oils and iridoids (epoxy-triesters) known as 
valepotriates. The total content of volatile oil varies widely within a single species and between different species. European 
Valeńana offidnalis L usually contains 0.1% to 2,8% volatile oil. The oil consists of mixtures of monoterpene and sesąuiterpene 
derivatives. The amountof valepotriates present also varies wtdely between species and genera and even within a species, gen¬ 
erał ly ranging from 0.5% to 1.2%. Yalepotriates are partfcularly unstable; they decompose easily under the effect of moisture, 
temperatures above 40°, or acidlty (pH <3). 


General Chapters 




General Chapters 


2266 (2030) Supplemental Information / Dietory Supplements 


USP 40 


Valerian afso contatns smali amounts of aliphatic acids, alkaloid*, amino acids, phenolic acids, flavonoids, free fatty acids, 
sugars, and salts. Valerian consdtuents that bave possible sedative effects inelude acetoxyvale renie aeid, 1-acevaltrate, baldri- 
nal, didroval tratę, hydroxyvaferenic acid, kessane derivatives, valeranone, valerenal, vaferenic acid, and valtratę. 

SOURCES AND DI5TRIBUTION 

Sources—Valerian rs found in damp or dry meadows, scrub, or woods in most of Europę, although rare in the south, and it 
iscultivated and naturalized in North America* Yalerian is cultivated in Belgiom, Britain, Eastern Europę, France, Germany, Ja- 
pan, the Netherlands, North America, and Russia. The majority of standardized extract products and crude cut and sifted ma¬ 
teriał on the domestic market are prepared from European supplies* A large number of liquid extracts are prepared from do- 
mestically cultivated materia!. Many species other than V, offidnolis are reported to be traded as medidnal valerian. These in* 
clude V, edulis Nutt ex Torr. St A, Cray, V. corneana Briq, k, V. stubendorfi Kreyer ex Kom., V. amurertsh P. Smirn. ex Kom., V, 
hardwickii Wall*, V, exałtata Mikan, and V. waftkhi DC. syn* V, jotamansi Jonesa The most frequently used North American spe- 
des rndude V. sitchenm Bong and V. edulis Nutt.* - V. edulis Nutt ex Torr. & Cray ssp. pmcera. Other species reported to be 
used iocally inelude V. orizonico Gray, V. capiłata Pall ex Link,, V. dioda L, and V. scouleri Rydb. Detailed Chemical analyses of 
most American species are fatking. A limited number of assays of materia! cu(tivated in the Pacific Northwest show vaiying 
levels of essential oil ranging from 0.4% to 1.3%. Valerenlc acid and valepotriates have been found to be present in fresh and 
dry samples of V, sitchensis Bong. V. sitchensis Bong exhibits a strong pungency when fresh. High quality materiał is reported to 
contain from 1.0% to 1 .5% essential oil, >30% extractable matter, and >0.5% valerenic acid. 

Drstnbution—Europę {Befgium, Britarn, Eastern Europę, France, Germany, the Netherlands), Japan, North America, and 
Russia. 

COLLECTION AND CULTIVATION 

Coflection (Conservation and Ecology)—The majority of valerian in trade comes from culttvated materiał. Harvest times 
will vary geographically. The compositton of the essential oil varles greatfy among different populations of the same subspecies 
and even between the same population of plants from year to year* Essential oil content also varies with genotypes, harvest 
times, growing conditions, age of root, drying techniques, and method of analysis. It has been reported that valerian harves- 
ted in higher elevations, grown in dryer regions, or cuitivated in phosphate-rich soil yields relatively high levels of essential oil. 

Older literaturę reports that valerfan should be harvestecl in the fali, between August and September, preferably in the sec- 
ond year of growth. Analyses of materia! cu!tivated in the Netherlands report that the majority of consUtuents, including the 
essential oil and valerenic acid, were highest in roots han/ested in the first year of growth, with essential oil being highest in 
September and November (1*2% to 2.1%), The next highest level of essential oil was reported for materiał harvested in March 
(0*9% to 1.6%). Valerenic acid and its derivatives were found to be highest rn February and March (0.7% to 0.9%), followed 
by materia] harvested in September (0.5% to 0.7%) and then in January (0*3% to 0,4%), From a commerdal standpoint, it is 
morę cost effective to harvest the roots m the same year the plants are sown than in the second year, 

Cultivation Practices—Sowing seeds has been reported to be preferred over planting of seedtings. Best results were ach- 
ieved by fiat field pfanting at row spacings of 50 cm and a seed ratę of 3 kg per hectare. Cutting off the flowering tops before 
the plant has set seed causes the rhizome to develop morę fully, 

Optimal Times for Harvest—Wagner reports that han/est should take place in the morning during relative!y cool weather, 
a generał recommendation for roots rich in essential oils. 

POST-HARVEST HANDLING 

Optimal Handling and Processing Practices—The essential oil is located in the hypodermts of the rhizome in large thin- 
walled cells* Therefore, care must be taken not to damage these cells during handling. Excess washing of the roots can result 
in a significant reduction of extractive matter* Because of the sensitivity of vo!atile oils to heat, it is necessary to minimize the 
amounrt of time generated in the grinding or powdering process by doing smali lots at a time, with freguent rnterruptions in 
run times, or by using a cryogenic grinder. 

Drying—For maximum preservation of the essential oils, valerian should be dried at 40° with a flow ratę of 0.05 kg per sec 
per m 2 , Alternatively, drying at 20° for approximately 10 days, shade drying at approximately 45° t Iow temperaturę vacuum- 
drying, and freeze-drying are also reported to be ąpproprrate drying technigues. 

Careless or prolonged drying produces a darker color in the roots and results in the hydrolysis of the isgvalertanic esters and 
the liberation of isova!eric and hydroxyisovaleric acid* This produces the dwacteristic valerianic aroma* Properly dried valerian 
will produce this same aroma over time* 

Storage—Storę in closed containers protected from light, air, and moisture* Hydroxyvalerenie acid, a decomposition prod- 
uct of acetoxyvalerenic acid, is formed when the herb is stored at too high humidity* 


V, wolfichi DC. and V, edulis Nutt. reportedly are lackmg in valerenfc acid and its derivattves. 
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Improper storage conditions tan cause significant deterioration of the materiał, Although the essential oii is relatively stable, 
it tan evaporate with excessive exposure to air. The essential oH can degrade guickly in powdered materiał. In powdered root, 
the essential oil content can detrease by 50% within 6 months. 

Valepotriates are sensitive to humidity, temperatures above 40°, and add media (pH <3) and are generał ly not detected in 
commercial products after 60 days« 


ADULTERANT5 

Other spedes of vałerian: An unidendfied Apiaceae spedes may be found in valerian trade. Adulteration of vafenan in the 
American market is not common. Many spedes other than V. offianaiis are reported to be traded as medidnal yalerian. These 
ind u de V. edulis Nutt ex Torr. & A. Cray, V. coreana Briq. k, V. stubendorfi Kreyer ex Kom., V. amurensis P. Smirn. ex Kom., V . 
hardwickii Wall, V. exo/fofo Mrkan, and V. wailkhi DC. syn, 7, jotamansi Jones. 

Elm Ulmus rubra Muhlenberg [Wmus fulva Michaux] (Fam. Ulmaoeae) 

BOTANICAL IDENTIFICATION 

Ulmus rubra Muhlenberg; tree to 35 m high, with spreading branches and open fiat crown; preparations derived from inner 
bark. U. rubra appears to be morę dosely related to the introduced Asian spedes U. parnito L. than to other native American 
spedes of Ulmus ; where the two co-occur, interbreeding is common. 

Trunk: 18 to 35 m high, to 1 m in diameter; the trunk rises free of branches until about 5 to 6 m. 

Branches: Erect, spreading; young twigs are scabrous-pubescent. 

Bark: Dark brown to reddish-brown, deeply furrowed, Inner bark is whitish {outer surface yellow-orange; inner surface 
pale yellow), fragrant (upon powdering, a distinctive fenugreek-like odor) and very mucilaginous opon chewing or moistening. 

Leaves: Alternate; slmple; petiolate with petiole (3-)5-7(-9) mm long; 7—1 S(—23) cm long, 5-10(-15) cm broad; elliptical 
to ovate, oblong, or obovate with oblique base and a cu mina te apex; margins serrate toward base, elsewhere doubiy serrate; 
upper surface scabrous, rough; lower surface tomentose; secondary vems paralteł, slightly curved, running to tips of marginal 
teeth. 

Inflorescence: AxilEary fasddes, rough ly hemispherical, to 1.5 (-2.5) cm in diameter. 

Flowers: Smali, perfect; pedicełs l-2(-3) mm long; calyx campanulate, 5-9-lobed at apex, about 2,6-3,5 mm in diame¬ 
ter, reddish-pubescent; petals absent; stamens 5-9, ex$erted at flowering; styłes 2. Flowers occur before the leayes from March 
through early May. 

Fruit: Winged samara, yełlowish, irregularly suborbicular or occaslonally broadly elliptical or obovate, 10-20 mm in diam¬ 
eter, reddish-pubescent over seed; wing papery-textured. 

COMPENDIAL HISTORY 

Slippery elm (Ulmus) inner bark appeared in the list of materia medica In the ftrst United States Pharmacopoeia (USP) of 1820 
and remained official until it was removed from USP XI (1936). The USP 1820 included instructions for the preparation of 
Infusion of Slippery Elm: "Take of Slippery eim f sliced, one ounce . Boiling woter , one pint. Infuse for twelve hours in a covered ves$ef, 
near the fire with frequent agitation, and strain." Im media tely following its remoyal from USP XI (official: June 1, 1936), Slippery 
Elm Bark became an official monograph in the sixth edition of the National Formulary (NE; official: |une 1, 1936) until its elirm- 
nation from the 11th edition (official: October 1, 1961). It became official again, as f/m, on November 15, 1995, in the USP 
sectEon of the Third Suppiement to the United States Pharmacopeia-National Formulary (USP 23-NF 18). A revision was published 
in the Seventh Suppfement on November 15, 1997, 

In 1982, Elm Bark appeared in the Food and Drug Admin stration (FDA) Advance Notice of Proposed Rufemaking (ANPR) for 
the establishment of a therapeutic monograph for orai Health care drug products for over-the-counter (OTC) human use. In 
the ANPR (1982) as well as in the subsequent tentative finał monograph of 1988 and in the amendment to the monograph of 
1991, Elm bark was classified as a Category I (Cenerally Recognized as Safe and Effeotive (GRASE)) OTC orał demulcent actiye 
ingredient, and appropriate standards were urged to be devełoped in the official compendia. 

Aside from USP-NF, the monograph of f/m had already appeared in the second edition of The Dispensatory of the United 
States of America (1834), and Its last appea rance was in the 25th edition, 1960. 

CONSTITUENTS 

Constituents of relevance for conformance to Identification A under Elm are mucilaginous substances. Elm inner bark mud- 
lage is readily extractable by wafer and consists principally of a polysaccharide which on hydrolysis yields D-galactose, D-meth- 
yl galactose, t-rhamnose, and glucose. Borohydride reduction of the penodate-oxidized polysaccharide affords, on partial hy- 
drolysis with hot acid, three ołigosaccharides: 0-(3-0-melhyl-^-D-gaJactopyranosylH1 ->4)-0-(3-0-methyl-/?-D-gaiactopyra- 
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nosylH1->4)-L-rhamnQse, 0-{3-Q-metby!-/? -D-galaotopyranosyfHI-^H-rhamnose, and 0-(3-0-methyl-/?-D-ga!actQpyrano- 
syl}-(1 ^4)-3-0-methyl-D-galacto$e* 

Other Elm constrtuents are traces of tannins, including proanthocyanidins, some starch, traces of oxalate salts, beta-sitoster- 
ol, and minerals. 


SOURCE5 AND DISTRIBUTION 

Sources—Slippery elm bark is harvested from wild populations in eastern Canada and the United States, from Southern 
Quebec west to Nortb Dakota, south to soutb-centrał Texas, and FJorida. It is eommon throughout eastern, southem, and 
midwestern U.S., and ft grows in morę than 25 States, An increasing amount of the commercial supply is being collected ac- 
cording to sustainable wild resource management plans as a condition of organie certification for wild trops* Corwersefy, 

Dutch elm disease bas had a significant negative impact on elm populations, from 1930 when it was first found in the United 
States affeeting over 50% of elm trees in the northern States, 

Distribution—Canada (New Brunswick, Ontario, Quebet), the United States (Alabama, Arkansas, Connecticut, Delaware, 
the District of Columbia, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, New Hampshire, New Jersey, New York, Nortb Carolina, Nortb Dakota, Ohio, 
Oklahoma, Pennsylvania, Rhode Isfand, South Carolina, South Dakota, Tennessee, Texas, Virginia, Vermont, Wisconsin, and 
West Wginia)* 

COLLECTION AND CULTWATION 

Collection (Conservation and Ecotogy)—" Natura l w (both inner and outer bark) and "rossed" (inner bark only) are harves- 
ted, but only the rossed bark will conform to the standards of the U SR monograph, Han/esting should oceur on dry, preferabfy 
warm days with no chance of predpitation, and it usually commences in late morning after the morning dew and humidity 
pass, This is because post-harvest processing (rossing) generally takes place at the collection site outdoors and humidity can 
damage the quality of the inner bark. Because the inner bark contains poiysacchande mudlage, when it comes in contact with 
moisture, it begins to gel. 

The bark, from trees of a minimum age of 10 years (some harvesters recommend selecting at least 12* to 15-year-old trees) 
is obtained mainly by pruning or trimming the lower limbs and branches, but can also be obtained from the bole (trunk) and, 
very rarely, even from the roots in cases where the entire tree is felled. While the inner bark of the root reportedly contains 
morę mudlage than that of the trunk or branches, sustainable wild resource management dictates harvesting only the branch¬ 
es of maturę trees* In practice, commercial bark collectors are morę likely to select branches from trees that are at least 30 to 
50 years old in order to obtarn a high enough yield. After pruning, the tree wili heal over where harvested and continue to 
grow, but the trunk and/or branches shoutd never be girdled, because this will kill the tree. Girdling is the stripping away of 
bark from the trunk or a branch all the way around* In practice, the most sustainable method of harvest from maturę healthy 
trees is to prune off entire lower branches in a way that will not harm the tree. If sawn properly so that rainwater will not drop 
directly into the exposed cut area, the tree will grow over the cut area within a couple of years. The proper cut, whfch is madę 
just outside the branch collar and the branch bark ridge, does the least amount of damage to the trees. 

Although elm bark should not be gathered from already dead trees, selective collection from dying trees—for example, 
those affected with Dutch elm disease—is feasible. The fungus that causes Dutch elm disease, Ophiostoma ulmi and Ophiosto- 
ma novo-ufmi (syn: Grophium ulmi or C eratocystis ulmi), is carried from tree to tree by the European elm bark beetle (Scofytus 
multhtriatu$\ which arrived in North America on a ship carrying logs from Europę around 1930, and to a much lesser extent 
by the native elm bark beetle (Hylurgopinus rufipes ), Elms appear to succumb to the disease at about 10 years of age and then 
die off in a two-year period* On te a tree is dlagnosed with Dutch elm disease, healthy bark can still be han/ested for about two 
years, up until the tree is near death. To monitor how long han/esting can continue, one can use a drawknife to take samples* 
Once the inner bark is showing increasingly noticeable black streaking, and as morę and morę limbs die and debarklng is evi- 
dent, the tree is near death. The near-dead tree can be dropped, and the remaining healthy bark can be stripped from the 
entire tree. Discolored (black-streaked) inner bark should be separated out and discarded* Pruning lower limbs from healthy 
trees and/or selectively harvestfng entire older trees that are near death can both be acoeptabłe methods as part of a sustama- 
ble resource management plan for a specific area of forest under organie supervLsion* 

Following organie production system rules (e.g«, for harvest site selection, absence of prohibited substances, testing of soil 
and water, disalfowed Inputs, periodlc residue testing, documentation control, independent inspection) will morę likely result 
in botanical raw materiał that meets Lhe generał reguirements for pesticide residue and heavy metals limrts, among other po* 
tential contaminants. Certified organie production of wild elm bark reguires producers to promote ecologlcal balance and eon- 
serve biodiyersity. Wild collected elm bark that is to be certified organie must be harvested from a designated area that has 
had no prohibited substance applied to it for a period of 3 years immediately preceding the harvest, and must be han/ested in 
a manner that ensures that such harvestmg or gathering will not be destructive to the environment and will sustain the growth 
and production of the wild crop* Wild crop producers must oomply with the same organie system plan reguirements and eon- 
ditions, as applfcable to thelr operation, as their counterparts who produce cultivated crops. The producer of organie wild har- 
vested elm bark must jnitiate practices to support biodiversity and avoid, to the extent pracdcable, any activrties that woufd 
diminish it. Production practices must maintain or improve the natural resources of the operation, including soil, water, wet- 



USP 40 


Dietary Supplements / <2030) Supplemental Information 2269 


tands, woodlands, and wildlife. This is accomplished, In part, by deve!oping and executlng a resource management plan that 
reguires wild harvest from stable populations, minimizing disruption of priority species/sensitive habitats, avoiding erosion, al- 
lowing reestablishment, and monitoring wild crop sustainability. 

Cultivation Practices—Even though the commerdal suppfy is harvested from wild populations, slippery elm trees tan be 
propagated by cuttings or by seed. For propagation by seed, the ripe seeds are collected from April to )une from healthy and 
successful (dominant) trees from an area simifar to the proposed planting site. A ripeness indicator is when the samaras (fruits) 
are green. Jt is best to collect seed from trees within 160 km north or south of the planting site, as potential forsuccess Is 
optimaI within this rangę from the parents, Twenty-flve seeds per spuare foot can be scattered, 0.6 cm deep. Slippery elm may 
be sown as in its norma! cycle in the spring in a raised peat moss soil and sand bed. The seedbeds may need a wire top to 
protect young seedlings. Cermination ratę is 10% to 25%, with light germination in summer and mcreased germination the 
following spring. The young trees can be transplanted into tree tubes within the first month of germination and field planted 
after one or twa years, depending on the size of the tree tubę. The tree saplings must be watered during times of drought and 
routinely checked for insect predation and indications of fertilization needs. 

Optimal Times for Harvest—Harvest should preferably occur in the spring (March to May), but can also take place in the 
autumn. In the spring, bark is harve$ted from maturę trees {minimum 10 years) when the sap begins to rise. 

POST-HARVEST HAN DLI NG 

Optimal Handling and Processing Practices—To produce pharmacopeial quality eim inner bark, the outer corky layer of 
bark must be removed, exposing the inner bark. If posi-harvest processing occurs at the wild collection site, the pruned limbs 
and branches should be placed onto dean tarps and not directly on the ground. The very smali branches with leaves are strip- 
ped off the pruned limbs by hand and discarded. To optimize conformance to standards for compositlon, identfty, purity, and 
gualrty (e.g., NMT 2% of adhering outer bark, NMT 2% foreign organie matter, NMT 10% total ash, and NMT 0.65% add- 
insoluble ash), a clean bark rosser (hand tool with handle and knlfe blade) should be used to shave off the outer bark. The 
rough, scaly matter on the surface of the bark is called ross, and to ross bark is to scrape or shave the outer bark from the limb. 
An experienced rosser can visualły discern that at least 98% of the outer bark has been shaved off, The inner bark is white in 
color (in the spring; reddish later in the season) in obvious visible contrast to the brown outer bark layer. After most of the 
outer bark is rossed off, greater care must be exerdsed to very carefully sfice off the remaining thin layer of outer bark so as not 
to waste any of the inner bark in the process. After removal of the outer bark, the inner bark can then be removed in strips, 
sguares, or chips, An indsion Is madę with a dean knife down the center of the limb. Then a dean crowbar is slipped under- 
neath the indsion in order to fift and peef the Inner bark off from the cambium. The strips of inner bark are stacked on a dean 
tarp and later bundled for transport to the drying facility. 

Drying —Elm USP requires a loss on drying limit of NMT 12%. So long as rain is not expected, fresh elm inner bark can be 
sun-cured within a temperaturę rangę of 32° to 60°. Drying can also be carried out in a warm room with airflow or in a green- 
house. Greenhouse drying takes about 3 to 4 days. Drying hdoors can take 5 to 7 days, depending on the heat source. Drying 
at commerdal scaie, however, is done typically in enclosed drying cham bers, in which time and temperaturę can be better 
controlled. The strips of elm bark are placed onto a dean screen floor and drled over about 2 days' time at about 50° with fan- 
forced heat through the floor, Because of additional phytosanltary requirements for export of tree barks to Europę, higher heat 
exposure is necessary, usually at least 65° but up to 93° for up to two days. Post-drying, the strips of inner bark can be cut or 
sawn into pieces of equal length and bound into bundies with wire. The bundles usualiy constst of fiat, oblong pieces, about 
30 cm in length and from 10 to 15 cm in width. The bark strips can be stored this way until further processing (e.g., cutting or 
powdering) is scheduled. 

Storage—To maintain pharmacopeial purity and guality (e g., to prevent accumulation of excess moisture), dried elm inner 
bark should be preserved in well-dosed containers, and stored in a cool, dry place. 

ADULTERANT5 AND CONTAMINANTS 

Common contaminants that could cause a materiał not to conform with the Identification tests in the £Im monograph in 
USP would indude other plant parts: for example, greater than 2% outer bark, which lacks mudlage. Insuffident shaving or 
rossing of outer bark could cause the materiał to exceed the monograph limit of NMT 2% of adhering outer bark. Other possi- 
ble contaminants would include visible discolored inner bark, although no maximum limit has been estabJished (for example, 
Inner bark with visib!e black streaking obtained from a diseased tree), Powdered bark can also be adulterated with cornmeaf, 
rice flour, starch, or other starchy substances. Conseguences of contaminatlon with outer bark or adulteration with flour or 
starch are lower mucilage content, lower swelling index value, and correspondingly less of a therapeutic demuicent effect that 
is mudlage-dependent. Excess outer bark couid also cause the materiał to fail the quantitative standard of NMT 10% totaf ash. 
Methods to determine the presence of adufterants include microstopic examma£ion in order to determine the presence of ex- 
cess outer bark or any other adulterant and the concentration of mucilage cells. The Elm mucilage test (Identification A) as well 
as a modified swelling volume test (based on the test in the USP monograph Psyllium Husk) may also be useful to investigate if 
adulteratlon is suspected. 
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(2040) DISINTEGRATION AND DISSOLUTION OF DIETARY 

SUPPLEMENTS 


INTRODUCTION 

This generał chapter is provided to determine compliance with the disintegration and dissolution standards for dietary supple- 
ments where stated in the indfviduai monographs. 

For the purposes of this chapter, dietary supplement dosage forms have been divided into three eategories: Vitamin-Mlneral 
Dosage Forms, Botanieol Dosage Forms t and Dietary Supplements Other Than Vhomin-Mineral and Botanieol Dosage Forms . Vito- 
min-Mtneral Dosage Forms include articles prepared with vitamins, minerals, or combinatrons of these dietary ingredients, as 
described in Tobie h Botanieol Dosage Forms comprfse formulations containing ingredients of botanical origin, induding 
plant materials and extracts. Dietary Supplements Other Than Vitamin-Mineral and Botanieol Dosage Forms encompass dietary 
supplements formulated with lawfully recognized dietary ingredients that are different from Ehose pertaimng to the two 
foregoing eategories (e.g., amino acids, chondroittn, and glucosamine). 

Where a dietary supplement represents a combination of the eategories mentioned above, and there is a difference between 
the requirements for the indMdual eategories, the morę stringent requirement applies. [Notę—"M orę stringent require- 
ment" means stricter acceptance criteria and/or mifder operational conditions.] 

Disintegration and dissolution tests as described in this chapter are quafity-control toofs to assess performance characteristits 
of dietary supplement fintshed dosage forms. These performance standards are intended to detect problem* that may arise 
due to use or mtsuse, or changes in coatings, lubricants, disintegrants, and other components. These performance tests are 
also intended to detect manufactuhng process issues, such as overcompression and overdrying, that would affect the release 
characteristics of the finał dosage forms. These tests are not intended to be used as a demonstration or as a surrogate for in 
vivo absorption, bioavailability, or effectiveness, unless an in vitro-in vivo correlation (IVIVC) has been established. 

DISINTEGRATION 

This test is proyided to determine whether dietary supplement capsules or tabfets disintegrate within the presenbed time when 
placed in a liquid medium at the expenmental conditions presented below, Compliance with the Itmrts on Disintegration 
stated in the individual monographs for dietary supplements is required, except where the label States that the products are 
intended for use as troches, are to be chewed, or are designed as extended-release dosage forms, Dietary supplements 
daiming to be extended-release dosage forms must comply with standards other than disintegration to verify that the re¬ 
lease of the dietary ingredients from the dosage form isfor a defrned period of time. Dietary supplements daiming to be 
extended-release dosage forms must not be labeled as tn compliance with USP unless a USP monograph exists for such 
product. Determine the type of dosage form under test from the labeling and from observation, and appfy the appropriate 
procedurę to 6 or morę units. 

For purposes of this test, disintegration does not imply complete solution of the unit oreven of its active constituent. Com- 
plete disintegration is defined as that State in which any residue of the unit, except fragments of insoluble coatrng or capsule 
shell, remaining on the screen of the test apparatus or adhering to the lower surface of the disk (if used) ts a soft mass hav- 
ing no paipably firm core. 

• Apparatus 

Apparatus A: Use the Apparatus described in Disintegration (701) for capsules or tablets that are NMT 18 mm long. For 
larger capsules or tablets, use Apparatus B. 

Apparatus B: The apparatus consists of a basket-rack assembly, a 1000-mL low-form beaker for the immersion fluid, a 
thermostatic arrangement for heating the fluid between 35* and 39°, and a device for raising and lowering the basket tn 
the immersion fluid at a constant frequency ratę between 29 and 32 cydes/min through a distance of 53-57 mm, The 
volume of the fluid in the vessel is such that at the highest point of the upward stroke, the wire mesh remains at least 15 
mm below the surface of the fluid and descends to KLT 25 mm from the bottom of the vessel on the downward stroke. 

At no time should the top of the basket-rack assembfy become submerged. The time requtred for the upward stroke is 
equal to the time required for the downward stroke, and the change in stroke direction is a smooth transition rather than 
an abrupt reversal of motion. The basket-rack assembfy moves verticafly along its axis. There is no appreciable horizontaJ 
motion or movement of the axis from the vertical> 

Basket-rack assembfy: The basket-rack assembly (see Figurę 1) consists of three open-ended transparent tubes, each 
77.5 ± 2.5 mm long and having an instde diameterof 32.0-34.6 mm and a wali 2.0-3.0 mm in thickness; the tubes are 
held in a vertical position by two plastic plates, each 97 ±2 mm in diameter and 7.5-10.5 mm in thickness, with three 
hofes, 36.0-40,6 mm in diameter, equidistant from the center of the piąte and egually spaced from one another. Attach- 
ed to the undersurface of the lower piąte ts 10-mesh No. 23 (0.025-inch) W- and M-ga.uge woven stainless-steel wire 
doth having a plain square weave. The parts of the apparatus are assembled and rrgidJy held by means of three bolts 
passing through the two plastic plates. A suitabfe means is provided to suspend the basket-rack assembly from the rais¬ 
ing and lowering device, using a point on its axis. The design of the basket-rack assembly may be varied somewhat, 
provfded that the spedfications for the glass tubes and the screen mesh size are maintained. 
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Beaker: Low form, 1000 mL; the difference between the diameter of the plastic plates, which hołd the tubes in a verti- 
cal posifion, and the inside diameter of the beaker should be NMT 6 mm. 1 2 
Disks: Each tubę is provided with a perforated ćylindrical disk 153 ± 0.15 mm m thickness and 31.4 ± 04 3 mm in di¬ 
ameter. The disk is madę of a suitabfe, transparent piastic materia! having a specifit gravity of between 1.18 and 1.20. 
Seven holes 3.15 ± 04 mm in diameter extend between the ends of the cylinder, one of the holes being in the center 
and the other six para Ne! to it and spaced egualfy tangent to a drcle with a radius of 4.2 mm from the center of the disk. 
Al! surfa ces of the disk are smooth4 



Figurę 1. Basket-rack assembly, Disintegration, Apporatus B (dimensions in mm). 

e Procedurę 

Test 6 dosage units as described beiow for each type of dosage form. [Notę—T wo basket arrangements for a totat of six 
tubes are necessary for Apparatus S.j Jf 1 or 2 dosage units faif to disintegrate completely, repeat the test on 12 additional 
dosage units. 


1 1000-ml low-form beakers, designed in complianee with the current ASTM E 960 Type t or Type II or ISO 3819 specifications, meel the sl2e requirements. 

2 The use of automatfc detection using modifled disks Is permitted where the use of disks is spedfied or allowed. Such disks must comply with the requiremeots 
for density and dimensions given in this chapter. 
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Uneoated tabiets: Place 1 tablet in each of the tubes of the basket and, if prescribed, add a disk to eadi tubę. Operate 
the apparatus, using water or the specified medium as the immersion fluid, maintained at 37±2T At the end of 30 min, 
lift the basket from the fluid and observe the tabiets. 

PJain coated tabiets: Płace 1 tablet in each of the tLbes of the basket and, if the tablet has a soluble external sugarcoat- 
ing, łmmerse the basket in water at room temperaturę for 5 min. Then, if prescribed, add a disk to each tubę and operate 
the apparatus, using water or the specified medium as the immersion fluid, maintained at 37 + 2°. At the end of 30 min, 
lift the basket from the fluid and observe the tabiets. 

Delayed-release (enteric-coated) tabiets: Omit the use of a disk. Place 1 tabEet in each of the six tubes of the basket, 
and if the tablet has a soluble external sugar coatlng, łmmerse the basket in water at room temperaturę for 5 min. Then 
operate the apparatus using simulated gastrłc fluid TS, maintained at 37 ± 2°, as the immersion fluid. After 1 h of opera- 
tion in simulated gastrłc fluid TS, lift the basket from the fluid and observe the tabiets: the tabiets show no evidence of 
disintegration, crackłng, or softening, Operate the apparatus using simulated łntestinal fluid TS, maintained at 37 ±2°, as 
the immersion fluid for the time specified in the monograph. Lift the basket from the fluid and observe the tabiets, 
Delayed-release (enteric-coated) soft shelf capsules: Place 1 softgef capsule in each of the six tubes of the basket. Omit 
the use of a disk. Operate the apparatus using simulated gastrłc fluid TS, maintained at 37 ±2°, as the immersion fluid. 
After 1 h of operatlon in simułated gastric fluid TS, lift the basket from the fluid and observe the softgels: the softgels 
show no evtdence of disintegration or rupture that woufd permit the escape of the contents. Operate the apparatus with 
disks using simulated łntestinal fluid TS, maintained at 37 ±2°, as the immersion fluid for NMT 60 min. Lift the basket 
from the ffuid and observe the capsules. 

Hard shell capsules: Apply the test for Uneoated tabiets using as the immersion fluid, maintained at 37 ±2°, a 0.05 M 
acetate buffer prepared by mixing 2.99 g of sodium acetate trihydrate and 1.66 mL of glacial acetic acid with water to 
obtain a 1000-mL solution with a pH of 4.50 ± 0.05. Attach a removable wire cloth, as described łn Basket-rack assembiy, 
to the surface of the upper piąte of the basket-rack assembly. At the end of 30 min, lift the basket from the fluid and 
observe the capsules. 

Soft sheK capsules: Proceed as directed in the Rupture Test for Soft Shelf Capsules. 

® Use of Disks 

Vitamin-mmeral dosage forms: Add a disk to each tubę unless otherwise specified in the Procedurę a bo ve or łn the Indl- 
vłdual monograph. 

Bota ni cal dosage forms: Omit the use of disks untess otherwise specified in the Procedurę above or in the individual 
monograph. 

Dietary supplements other than vitamrn-mineral and botanical dosage forms: Omit the use of disks unless otherwise 
specified above or in the indMdual monograph. 

* Tolerances 

Alt of the 6 dosage units łnitially tested or NLT 16 of a total of 18 dosage units tested disintegrate completely. 

RUPTURE TEST FOR SOFT SHELL CAPSULES 

Medium: Water; 500 ml 

Apparatus: Use Apparatus 2 as described in Dissolution (711), operat! ng at 50 rpm. 

Time: 15 min 

* Procedurę: Place 1 capsule in each vessel, and allow the capsule to sink to the bottom of the vessel before starting rotation 
of the btade. Use sinkers if the capsules ffoat Observe the capsules throughout the test and at the end of the test. The cap¬ 
sule shell is considered ruptured if breached, exposłng or allowłng the fłll contents to escape. 

* Tolerances: The requirements are met if all of the capsules tested rupture łn NMT 1 5 min. If 1 or 2 of the capsules rupture 
in >15 min but NMT 30 min, repeat the test on 12 additional capsules: NMT 2 of the total of 18 capsules tested rupture in 
>15 min but NMT 30 min. For soft gelatłn capsules that do not conform to the above rupture test acceptance criteria, re¬ 
peat the test with the addition of papain to the Medium in the amount that results in an activity of NMT 550,000 Units/L of 
Medium or with the addition of bromelain in the amount that results łn an activity of NMT 30 gelatln-digesting units 
(GDU)/L of Medium. [Notę—D etermine papain actłvity using the Assoy test rn the monograph for Papain and bromelain ac- 
tivity usinq the procedurę in bromelain, in the Reagent Spedfications sectionJ 

DiSSOLUTSOM 

This test is provided to determine compliance with the Dissolution reguirements where stated in the rndividual monographs for 
dietary supplements. The operative assumption inherent in this test is that if the łndex vitamłn or minerał or marker com- 
pound(s) for a botanical is disso!ved within the time frame and under conditions specified, the dosage form does not suffer 
from formulation- or manufacturing-related problems affectłng the adequate release of the active ingredients. 

■ For Dosage Forms Containing or Coated with Celatin 

For hard or soft gelatin capsules and gelatrmcoated tabiets that do not conform to the dissolution specification because of 
the presence of cross-linking, the dłssołution procedurę should be repeated with the addition of enzymes to the medium, 
as described below. 

Dissolution medium with pH <4.0 

Enzyme: Pepsin, activity determined by the procedurę in pepsin, łn the Reagent Spedfications section 
Amount: A quantity of pepsin that results in an actMty of NMT 750,000 Units/L of dissolution medium 
Dissolution medium with pH >4.0 and <6.8 
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Enzyme: Papain, activity deternnined by the Assay test m the monograph for Papain; or bromelain, aotivity determlned 
by the procedurę in bromelain, in the Reagent Specifications section 
Amount: A guantity of papain that results in an act vity of NMT 550,000 Units/L of dissolution medium, or a puantity of 
bromelain that results in an actMty of NMT 30 GDU/L of dissolution medium 

Dissolution medium with pH >6.8 

Enzyme: Pancreatin, protease acfivity determined by the procedurę in Assay for protease activity (Casein digestive pow- 
der) In the monograph for Pancreotin 

Amount: A guantity of pancreatin that results in a protease activity of NMT 2,000 Units/L of dissolution medium 
Dissolution medium contaimng surfactants or other components known to denature the enzyme 
If the dissoEution medium contams surfactants or other components known to denature the enzyme to be used, a pre- 
treatment step should be applied. The pretreatment step is performed under the same dissolution eonditions (apparatus, 
rotation, and flow ratę), except to use a medium with the corresponding amount of enzyme as directed in the preced- 
ing section and without the surfactant or component known to denature the enzyme. To achieve the finał specified vol- 
ume of medium, the pretreatment step may be conducted with a smailer volume of medium without the surfactant or 
component in such a manner that the finał specified volume is achieved after the addition of the surfactant or compo¬ 
nent at the end of the pretreatment step. Perform the pretreatment step until capsule rupture, but for NMT one-ha!f of 
the totaJ dissolution time specified in the procedurę. The pretreatment time is included in the totaf dissolution time 
specified in the procedurę, 

* Apparatus 

See (711) for a descnption of the apparatus used, Apparatus Suitability Test , and other related information. Where the pro- 
cedure spedfies the use of a stationary basket, use the guadrangular basket of stainless steei wire gauze as shown in Figurę 
2a-b. 

The capsule Is placed in a basket, soldered in one of tts upper, narrow sides to the end of a Steel rod (see Figurę 2a). The 
capsule cover is placed in the horizontal diagonal of the basket, The rod assembly Es inserted vertically through the cover 
of the dissolution vessel, and fixed by means of two teflon nuts, 3.2 cm frorn the center of the vessei, or by any other 
appropriate means. The lower edge of the bottom of the basket is adjusted to about 1 cm above the top of the paddle 
blade (see Figurę 2b). 



NOTES 

1. Rod and Basket with a 
Capsule cover placed in the 
horizontal diagonal of the 
basket 

2. Basket and capsule cover 
materiał; stainless Steel 

3. Basket gauze wire size; 8 
mesh 


Figurę 2a. Stationary Basket 
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Figurę 2b. Stationa^ Basket Configuration Diagram 

Of the types of apparatus described in (7 11), use the one specified in the indivldual monograph. 

° vitaniin-GVSineral Dosage forms 

Ai! dietary supplement capsules or tablets containing folie acid are subject to the dissolution test and criteria for folie acid 
described in this chapter. This test ts reguired because of the importance of the relationship between foiate deftciency and 
the risk of neural tubę defeets. Dietary supplement capsules or tablets containing water-soluble vitamtns, minerals, or their 
combination are subject to the dissolution test and criteria for index vitamins, index minerals, or both, described in this 
chapter. Dietary supplement tablet and hard shetl capsule with solid content dosage forms containing vitamin A are sub¬ 
ject to the dissolution test and criteria for vitamin A described in this chapter. Dissolution standards were not established 
and therefore are not appllcable to vitamin A in dietary supplement soft shelt capsules filled with lfquids. Tabie 1 summari- 
zes the dlssolution reąuirements for the assigned USP classes of dietary supplements. Vitamin-mineral combinations that 
do not belong to any of the USP classes listed in Tobie 1 are subject to the Dlssolution test and criteria specified in the 
fndividual monographs. 


Table 1. Dńgtary Supplements—yitamin-iyiineraE Posn ge Forms 


USP Class 

Ingretftents 

Dissolution Reąuirements for 
Tablets and Hard Shell Capsules 
with Solid Contents 

Dissolution Reąuirements for 
Soft Shell Capsules Filled 
with Liąuids 

1 

Oil-soluble vitamrns 

Vitamin A (if present) 

Not applicable 

n 

Water-soluble vftamins 

One index water-soluble vitamin and 
folie add (If present) 

One index water-soluble tarnin and 
folie add (ff present) 

m 

Water-soluble vitamins with minerals 

One index water-soluble yttamin, one 
index element, and folie acid (if 
present) 

One index water-soluble vftamin, one 
index element, and folie acid (if 
present) 

w 

ON- and water-soluble vitamins 

Vitamin A (ff present), one index 
water-soluble yitamin, and folie acid 
(if present) 

One index water-soluble vitamin and 
folie acid (if present) 

V 

Oil- and water-soluble yftamrns with 
minerals 

Vitarnin A (if present), one index 
water-soluble vttarmn, one lndex 
element, and folie acid (Sf present) 

One index water-soluble vitamin, one 
lndex element, and folie add (if 
present) 

VI 

Minerals 

One index element 

One index element 

VII 

Oil-soluble wltamins with minerals 

Vitamin A (if present) and one index 
element 

One lndex element 


Seiection of index water-solubie vitamins and index elements 
Compliance with the dissolution reguirements for dietary supplements representing combinations of water-soluble vita- 
mins and combinations of oil- and water-soluble vitamlns is determined by measuring the dissolution of a single index 
vitamln from the water-soluble vitamins present. Riboflavin is the index vitamin when present In the formulation. For 
formulations that do not contain ribof3avin, pyndoxine Is the index vitamin P if neither riboflavin nor pyridoxlne i$ present 
m the formulation, the Index vltamin ts niadnamide (or niadn), and in the absence of niacinamide (or niadn), the index 
vitamin is thiamine. If nonę of these four water-soluble vltamins are present in the formulation, the Index vitamin is as- 
corbic acid. 
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Compliance with the dissolution requirements for dietary supplements representing combinations of minerals is deter- 
mined by measuring the dissolution of onfy one index element, Iron is the rndex element when present in the formula- 
tion. Forformufations that do not contain iron, the index element is caldum. If neither iron nor calcium is present, the 
Index element is zine. In the absence of all three of these elements, magnesium is the index element. 

Compliance with the dissoEutlon regurrements for dietary supplements representing combinations of water-soluble vita- 
mins and minerals and combinations of oil- and water-soluble vitamins and minerals Is determined by measuring the 
dissolution of one lndex water-soluble vitamin and cne index element, designated accordlng to the respectlve hierar* 
chies described above. 

Dissolution conditions for vitamm A 

[Notę—P erform this test under light conditions that minimize photodegradation.] 

Medium: 1% (w/v) Sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate buffer, pH ó,S; 900 mL 
Apparatus 2: 75 rpm 

Time: 45 min 

Dissolution conditions for folie add 

[Notę—P erform this test under light conditions that minimize photodegradation.] 

Test 1 

Medium: Water; 900 mL 
Apparatus 1: 100 rpm, for capsules 

Apparatus 2: 75 rpm, for tablets 

Time: 1 h 

If the units tested do not meet the requirements for dissolution rn water, use the folldwing conditions: 

Buffer: Mix 95 mL of 0.1 M dtric acid monohydrate and 405 mL of 0,1 M sodium citrate dihydrate, dilute with water 
to 1000 mL, mix, and adjust to a pH of 6.0 by using either 0.1 M hydrochloric acid or 0.1 M sodium hydroxide solu- 
tion. 

Medium: Buffer; 900 ml 
Apparatus 1: 100 rpm, for capsules 

Apparatus 2: 75 rpm, for tablets 

Time: 1 h 

Test 2 (for lipld-fiiled soft shell capsules): Proceed as directed for fest 2 under Dissolution conditions for index water- 
soluble vitamins and index minerals . If the article complies with this test, the labeling indicates that it meets USP Dissolu¬ 
tion Test 2, 

Test 3 (for llpid-filled soft shell capsules): Proceed as directed for Tesf 3 under Dissolution conditions for index water- 
soluble vitamins and lndex minerals. If the article complies with this test, the labeling indicates that it meets USP Dissolu¬ 
tion Test 3, 

[Notę—C ompliance with the dissolution requirements for folie acid does not exempt the article from compliance with the 
dissolution requirements of the pertinent index vitamin or the corresponding index minera!,] 

Dissolution conditions for index water-soluble vitamins and index minerals 
Test 1 

Medium: OJ N hydrochloric acid; 900 mL 
Apparatus 1: 100 rpm, for capsules 
Apparatus 2: 75 rpm, for tablets 
Time: 1 h 

For formulations containing 25 mg or morę of the index vitamin, riboflavin, use the following conditions: 

Medium: OJ N hydrochloric acid; 1800 mL 
Apparatus 1: 100 rpm, for capsules 

Apparatus 2: 75 rpm, for tablets 
Time: 1 h 

Test 2 (for jipid-fHled soft shell capsules): If the article complies with this test, the labeling Indicates that it meets USP 
Dissolution Test 2. 

Medium: 0.25% (w/v) octoxynol 9, 0.02% (w/v) ascorbtc acid, and 0,04% (w/v) simethicone in simulated gastrlc fluid 

TS 

Apparatus 3: 15dpm 

Screen (top and bottom): 20-mesh 

Time: i h 

Test 3 (for lipld-filled soft shell capsules): If the article complies with this test, the labeling Indicates that it meets USP 
Dissolution Test 3* 

Medium: 0.25% (w/v) octoxynol 9 and 0,02% (w/v) ascorbic acid in simulated gastric fluid TS; 500 mL 
Apparatus 2: 125 rpm; dosage unit placed in stationary basket (Figurę 2a-b ) 

Time: 1 h 

[Notę—C ompliance with dissolution requirementś for the pertinent index vitamin or lndex minerał does not exempt the 
article from compliance with the dissolution requirements for folie acid, if present.] 
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Procedures 

In the following procedures, combine equa! yolumes of the fiitered Solutions of the six indiyidual spedmens withdrawn, 
and use the pooled sample as the test speclmen. Determine the average amount of vitamin A, folie acid, or the index 
vitaniin or element dissolved in the pooled sample. Make any necessary modifications, including concentration of the 
analyte in the volume of Sample soiution taken. Use the Medium for preparation of the Standard soiution and dilution, if 
necessary, of the Sample 50 /uf/on. 

Vitamin A: Determine the percentage of retiny! acetale or retinyl palmitate dissolved by using the following procedurę. 
Standard soiution: Dlssolve a suitable amount of USP Retinyl Acetate RS or USP Retiny! Palmitate RS in isopropyi alcohol, 
and dii ute with Medium to obtafn a concentration similar to that expected in the Sample solution , [Notę—T he amount 
of isopropyi alcohol shouid be 5%-10%.] 

Sample soiution: Withdraw a portlon of the soiution undertest, pass through a suitable filter of 0.45-jam porę size, 
and use the pooled sample as the test spedmen. 

Solution A: Methanol and water (90:10) 

Solution B: Methanol and Isopropyi alcohol (55:45) 

Mobile phase: See Tahle 2. 


Table 2 


Time 

(min) 

Solution A 

(%> 

Solution B 
<%) 

0 

100 

0 

8 

0 

100 

13 

0 

100 

13.1 

100 

0 

15 

100 

0 


Chromatographrc system 

(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 325 nm 
Column: 4,6-mm x 10-cm; 3-pm packing LI 
FIow ratę: 1.0 mL/min 
Injection volume: 50 pL 
System suita bil i ty 
Sample: Standard soiution 
Suitabllity requirements 

Tailing factor: NMT 1.5 for retinyl acetate and NMT 2,0 for retinyl palmitate 
Relative standard deviation: NMT 2.0% 

Analysis 

Samples: Appropriate Standard solution and Sample solution 

Resuft = (rjr s ) x (Qx Vji) x 100 


r u = peak area of the aII-trans-retinyl ester from the Sample solution 

r$ - peak area of the all-tranj-retiny! ester from the appropriate Standard solution 

C s = concentration of retinol in the appropriate Standard solution (pg/mL) 

V - volume of Medium t 900 mL 

i = la bel claim of vitamin A, as retinol (yig/tablet) 

Folie acid: Determine the amount of folie add (C ig Hj P N 7 O ć ) dlssolyed by using the procedurę set forth in the Assoy for 
Folie Acid in the individual monograph* Make any necessary modificadons. 

Niacin or niarinarnide, pyridoxine, riboflavin, and thiamrne; Determine the amount of the designated index yitamin 
dissolved by using the procedurę set forth in the Assay for Niacin or Niacin amide, Pyridoxine Hydrochlodde, Ribofłąvin, and 
Thiamine in the individual monographs. Make any necessary modifications. 

Ascorbic acid: Determine the amount of ascorbic add (C ń H fl O ń ) dissolved by using the procedurę set forth in the Assay 
for Ascorbic Add in the indiyidual monograph. Make any necessary modifications. 

Iron, cakium, magnesium, and zinc: Determine the amount of the designated index element dissolved by using the 
procedurę set forth in the appropriate assay in the indiyidual monographs. Make any necessary modifications. 

Tolerances 

The requirements are met if NLT 75% of the labeled content of yitamin A, NLT 75% of the labeled content of folie acid, 
and NLT 75% of the labeled content of the index yitamin or the index element from the units tested is dissolved. 
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° Botanical Dosage Forms 

Compliance with disso/utron requirements necessitates the testing of 6 dosage units individually, or testing 2 or morę dos- 
age units in each of the six vessels of the dissoiution apparatus, and measuring the dissoiution of one or morę fndex/mark- 
er compound(s) or the extract spedfied rn the Individual monograph. 

Procedures 

Combine equal volumes of the filtered Solutions of the six or morę lndividuaf specimens withdrawn, and use the pooled 
sam ple as Ehe Sample solution . Determine the average amount of index or marker compound(s) or Ehe extract dissolved 
in the pooled sample by the procedurę spedfied in the individual monograph- Make any necessary modiflcatlons, im 
duding concentration of the analyte m the vo[ume of the Sample solution taken, Use the Medium for preparatlon of the 
Standard solution and dilution, if necessary, of the Sample solution. 

Tolerances 

Unless otherwlse spedfied in the tndlv!dual monograph, the requirements are met if NIT 75% of the labeied content of 
the lndex or marker compound(s) or the extract from Ehe units tested is dissolved in 1 h. 

• Dietary Supplements Other Than Vitamin-Mineral and Botanical Dosage Forms 

Unless otherwlse stated fn the individual monographs for dietary supplement dosage forms in this category, compliance 
requires the testing of 6 Individual units, measuring the dissoiution of the dietary i ng red lent as the average of the 6 units 
tested, 

Procedures 

Combine equal volumes of Ehe filtered Solutions of the six specimens withdrawn, and use the pooled sample as the Sam¬ 
ple solution. Determine the average amount of the dietary ingredient dissolved in the pooled sample by the procedurę 
spedfied in the indlvidual monograph. Make any necessary modifications, including concentration of the analyte in the 
volume of the Sample solution taken. Use the Medium for preparation of the Standard solution and for difution, if necessa¬ 
ry, of the Sample solution. 

Tolerances 

Because of the dlversify of Chemical characterlstics and soiubilities of dietary ingredients pertainrng to this category, gen¬ 
erał tolerances cannot be esEabfished. See IndMdual monographs for Tolerances. 


(2091) WEIGHT VARIATION OF DIETARY SUPPLEMENTS 


The following tests provrde Jimits for the permissible variations in the welghts of individual tablets or capsules, expressed rn 
terms of the atlowable deviation from the average weight of a sample. Separate procedures and limits are descrlbed herein for 
capsules, uncoated tablets, and coated tablets that are intended for use as dietary supplements. 

CAPSULES 

Capsules meet the requirements of the following test with respect to varlation in weight of eon tenis, 

Hard Capsules 

Weigh 20 intact capsules individuaNy, and determine the average weight. The regulrements are met if each of the indrvidual 
weights is within the limits of 90% and 110% of the average weight. 

If not a II of the capsules fali within the aforementioned limits, weigh the 20 capsules lndividually, tak Ing care to preserve the 
Identlty of each capsule, and remove Ehe contents of each capsule with the aid of a smali brush or piedget of cotton. Weigh 
the emptied shetls lndividually, and catculate for each capsule the net weight of its contents by subtracting the weight of the 
shell from the respective gross weight Determine the average net content from the sum of the indfvldual net weights. Then 
determine the dlfference between each individual net content and the average net content: the requirements are met if (a) not 
morę than 2 of the differences are greater than 10% of the averaqe net content and (b) In no case is the dlfference qreater 
than 25%. 

If morę than 2 but not morę than 6 capsules deviate from the average between 10% and 25%, determine Ehe net contents 
of an additionaf 40 capsules, and determine the average content of the entire 60 capsules. Determine the 60 deviations from 
the new average: the requlrements are met if (a) In not morę than 6 of the 60 capsules does the dlfference exceed 10% of the 
average net content and (b) in no case does the dlfference exceed 25%. 

Soft Capsules 

Proceed as directed under Hard Capsules , but determine the net weight of the contents of individua! capsules as follows. 
Weigh the intact capsules indlvlduaily to obtain their gross weights, taking care to preserve the Identlty of each capsule. Then 
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cut open the capsules by means of a suitable clean, dry cutting instrument, such as scissors or a sharp open blade, and remove 
the contents by washing wrth a suitable solvent. A! Iow the occtuded solvent to evaporate from the shells at room temperaturę 
over a period of about 30 minutes, taking precautlons to avoid uptake or lass of moisture. Weigh the IndMdual shells, and 
calculate the net contents* The requirements are as stated under Hard Capsules * 

TABLETS 

Tablets conform to the criteria given In the accompanying table. 

Uncoated Tablets and Film-Coated Tablets 

Weigh individually 20 whole tablets, and calculate the average weight. The requirements are met if the welghts of not morę 
than 2 of the tablets differ from the average weight by morę than the percentage listed in the accompanying table and no 
tablet differs m weight by morę than double that percentage* 

Coated Tablets (Other Than Film-Coated Tablets) 

Weigh indiv]dua!!y 20 whole tablets, and calculate the average weight. If the coated tablets do not conform to the criteria In 
the accompanying table, place 20 tablets En a beaker of water at 37*, and świr! gently for not morę than 5 minutes. Examlne 
the cores for evidence of disintegratlon and repeal the procedurę for a shorter time If disintegratlon has begun. Dry the cores 
at 50° for 30 minutes. Accurately weigh 20 individual tablet cores, and calculate the average weight. 

The requirements are met if the welghts of not morę than 2 of the tablets differ from the average weight by morę than the 
percentage listed In the accompanying table and no tablet differs in weight by morę than double that percentage. 

Criteria 


Weight Varlation Tolerances for Uncoated Tablets, Film-Coated Tablets, and Coated Tablets (Other Than Film-Coated Tablets) 


AvQrage Wdght of Tablet, mg 

Percentage 

Difference 

1 30 or less 

10 

From 130 through 32 A 

7.5 

Morę than 324 

5 


( 2232 ) ELEMENTAL CONTAMINANTS IN DIETARY SUPPLEMENTS 


The objective of thfs generał chapter is to limit the amounts of elemental contaminants in frnished dietary supplement dos- 
age forms labeled as conforming to USP or NF standards* Thls generał chapter is not Intended to set limlts for dietary ingredi- 
ents. Those limits are set in the corresponding indivldual monographs. 

The focus of this generał chapter is on the four major elements of toxicological concern: arsenie, cadmium, lead, and mercu- 
ry. The extent of testing can be determined using a risk-based approach that takes into account the likelihood of tontamina- 
tion. Manufacturers should consider the presence of unexpected elemental contaminants to determine compliance, 

LIMITS OF ELEMENTAL CONTAMINANTS 


The levels of elemental contaminants should be restricted as shown In Table 1 unless otherwise stated in the individual mon- 
ograph. Specific monographs may provlde different limits for artides that need to be consumed En large guantities. 

Tabie 1 


Element 

PDE 

(ng/day) 3 

Arsenie (inorganfc) 

15 

Cadmium 

5 


a Permltted Daily Exposure (PDE) is derived from the Proyisional Toferable Weekly Intake (PTWi) that is recommertded by the Food and Agriculture Organizadon 
of Lhe United Nations and World Health Grganrzatton (FAO/WHO) by sublracting Ehe daily exposure (pg/day) to each elemental eontaminant from air, food, 
and drinking water. A body weight of 50 kg and a safety factorare used to calculate the PDE. Other regufations (e.g., Proposltion 65 in Caltfornta) may require 
different limits; manufacturers are responsrble for compliance with applitable local reguirements differrng from these PDE vaiues. 
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Tabie 1 (Continued) 


Element 

PDE 

Cfig/da ;yY 

Lead 

5 

Mercury (total) 

15 

Methylmercury (as Hg) 

2 


a Fermitted Daily Exposure (PDE) is derived from the Frovisk>nal Tolerable Weekly intake (PTWI) that a recommended by the Food and Agriculturę Organization 
of the United Nations and World Health Organization (FAO/WHO) by stibtractmg the daily exposure (pg/day) to each elemental contaminant from atr, food, 
and drinklng water. A body weight of 50 kg and a s a fety factor are used to eaiculate the PDE. Other regulations (e.g., Proposition 65 in Calffornia) may require 
different limits; manufacturers are responsible for compliance with appfitable local repuirements differrng from these PDE values. 

Arsenie may be measured using a nonspeciation procedurę under the assumption that afl arsenie contained in the supplement 
is in the inorganic form* Where the limit is exceeded using a nonspeciation procedurę, compiiance with the limit for inorganic 
arsenie shafl be demonstrated on the basis of a speciation procedurę. Methylmercury determination is not necessary when the 
content for total mercury is less than the limit for methylmercury. 

OPTBONS FOK COMPLBANCE WBTH THE LINIOTS OF ELEMENTAL CONTAMINANTS 

In order for a dietary supplement finished dosage form to compfy with the limits for elemental contaminants as described in 
this chapter, the level of elemental contaminant in the finished dietary supplement should be NMT the PDE* The fol łowi ng 
three options are available for determining comptiance with the limits for elemental contammr.nts in dietary supplements. 

Dietary Supplement Analysis Option 

This option is generally applicable* In this option the finished dietary supplement dosage form is analyzed aetording to the 
procedures In the generai chapter Elemental impurities —Procedures <233) or the speciation procedures given in this chapter. 
The results obtained from the analysis of a typical serving size, scaled to a maxEmum daily intake, are eompared to the PDE, as 
stated in Tohle L 

Analysis; Proceed as directed beiow in this chapter* 

Caleu!ate the measured amount of each elemental contaminant, in pg/daify intake, as: 

Result - fW55 * N 

MVSS = measured amount of each elemental contaminant (pg/serving size) 

N = maximum daily intake of the supplement recommended in the labefing (servings/day) 

Acceptance crfteria: The measured amount/daily intake is NMT the PDE vaiue given in labie L 

lndividual Component Option 

This option is applrcable to finished dietary supplement dosage forms with a maximum daily intake of NMT lóg of the diet- 
ary supplement finished product. 

Analysis: Unless otherwise spedfied in the individual monograph, proceed with the indlvidual ingredient as directed below 
in this chapter* 

Acceptance criteria: The product meets the reguirements when each component used to prepare the finished dietary sup¬ 
plement meets the limits given in Tobie 2, 


Table 2 


Element 

lndividuaJ Component Limits 

(pg/g)* 

Arsenie (inorganic) b 

1.5 

Cadmlum 

0.5 

Lead 

0,5 

Mercury (total) 

1*5 

Methylmercury (as Hg) c 

0.2 


3 The limits for individua[ component are based on a maximum daily intake of 10 g of a dietary supplement and are intended for use onfy with Options for 
Comptiance with the Limits Óf Elemental Contaminants, individual Component Option. 

b Arsenie may be measured using a nonspeciation procedurę under the assumption that all arsenie contained in the supplement is in the inorganic form. Where 
the limit js exceeded using a nonspeciation procedurę, compliance with the limit for inorganic arsenie shaii be demonstrated on the basis of a speciation proce¬ 
durę. 

c Methylmercury determination is not necessary when the content for total mercury is less than the limit for methylmercury. 

[Notę—I f alf components in a formulation meet the limits given for fhe lndividuol Component Limits, these components can be 
used in any proportion. No further calculation is necessary.] 
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Summation Option 

This option can be used for frnished dietary supplement dosage forms that are consumed in quantitres greater than 10 g/day 
or where the acceptance limit for any contaminant in any component of fhe dietary supplement exceeds the appficabJe fndb 
viduaf Component Limits, 

Analysis: Unfess otherwise specified in the indh/idual monograph, proceed with the individual mgredient as directed below 
in this chapter, 

Calculate the amount of each elemental contaminant in pg/daily intake, present in the finished dietary supplement dosage 
form: 

Result = Z(Q x W)xN 

ę = elemental contaminant concentration in the individual component (juig/g) 

W t - weight of each individual component per serving of the dietary supplement (g/serving) 

N = maximum daily intake of the supplement recommended in the labeling (sen/ings/day) 

Acceptance criteria: The calculated amount of each elemental centa mi nant/daily intake is NMT the PDE va!ue given in Tobie 

1 . 


ANALYTSCAL PROCEDURES FOR TOTAL ELEMENTAL CONTAM8NANTS 

Performance-based metboddogy for anafysts of totaJ elemental contamlnants in generał chapter Elemental Impurities — Proce- 
dures{233) is applicable for dietary supplements. The validation necessity will vary depending on the situation. In afl three op- 
tions described in the section Options for Compliance with the Limits of Elemental Contamlnants , the use of Validatbn of Limit 
Procedures (see Elemental Impurities—Procedures (233)) may be appropriate. However, for the Summation Option , acceptabfe 
Jevels of validation must be determined on a case-by-case basis. Validation of a procedurę using the Vaiidation of Quantitative 
Procedures (see Elemental Impurities—Procedures (233)) is acceptable for aII options under al] circumstances and is generally pre- 
ferred. The determination of the level of validation necessity is at the discretlon of fhe manufacturer and the competent reguła* 
tory authohfy. 

Analytical Procedurę for Inorganic Arsenie 

Where the level of total arsenie exceeds the limit recommended in this chapter, spedation may be used to deterrnine the 
amount of inorganic arsenie present. The following procedurę is suggested for determination of inorganic arsenie, but any vaii- 
dated procedurę shown to give equivalent or better results can be used. 

Apparatus 

See Figurę 1 . 



Figurę 1. Special apparatus for the determination of inorganic arsenie (A, 250-mL distillation fiask; B, receiver chamber, ap- 
proximately 50-mL capacity; C, reflux condenser; D, splash head or security funnel). 

Reagents 

Distiilation-reducmg solution: 30.0 g of potassium iodide In 100 ml of water. [Notę—P repare fresh on the day of use.] 
Contro): 6.0 pg of arsenie (As) (6.0 ml of Standard Arsenie Solution )> [Notę—U se this amount rather than the 3.0 mL 
specified for Standard Preparation in the generai chapter Arsenie (211), Method L] 
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Sam ple solution: Transfer a 2.00-g sample that has previously been ground to pass through a óO-mesh screen to a drstil- 
tation fiask (A). To the fiask add 35 ml of hydrochloric add 6.6 N and 15 mL of Distiliation-reducing solution, let stand for 5 min 
to ensure reduction of arsenie [As(V)] y connecf the fiask to the receiver chamber (B), complete the assembly of the apparatus, 
and begin dreulating tap water through the condenser (C). Half-filJ the lower two bulbs of the splash head (D) with water. 
Maneuverthe stopcock to cause the contents of the receiver chamber to drain into the distillation fiask, heat the fiask untif the 
temperaturę above the solution reaches 1Q0 Q -110°, and continue refluxlng at this temperaturę for 15 min. Close the stopcock, 
continue heating at 108°-110 o , and colJect 30-33 mL of distillate in the receiver chamber, Remove the heating source, and 
allow the temperaturę to drop to about 80°. 

Close the stopcock, and add a second 35-mL portion of 6.6 N hydrochloride (HCI) and 15 mL of the Distiliation-reducing 
solution through the thermometer opening to the distillation fiask, Replace the thermometer, inerease the temperaturę to 
10G°-110°, and colEect a second 30- to 33-mL portion of distillate in the recelver chamber. Drain the second distilfate into the 
beaker containing the first portion, and cool the combined distillate to room temperaturę. Remove the splash head, and wash 
its contents into the beaker. Aiso, wash down the inside of the condenser and receiyer chamber with water, cotlecting the 
washings into the beaker. Transfer to a 100-mL volumetric fiask, and complete with water to volume. 

Analysis: Determine the arsenie content by the 1CP-M5 procedurę in Elemental Impuńties—Procedures (233). Alternativeiy, 
add 2 mL of potassium iodlde TS and 0.5 mL of stronger add stannous chloride TS to the Sample solution contained in the 
Erlenmeyer fiask, and proceed as directed in Arsenie (21 1), Method /, Procedurę , beginning with "Allow to stand at room tem¬ 
peraturę for 30 minutes." 

Analytical Procedurę for Methylmercury 

Where methylmercury determination is required, the following procedurę is suggested. However, any yalidated procedurę 
shown to give equivalent or better results can be used. 

Procedurę 1 

This procedurę uses an aqueous extraction of the mercury species with an L-cysteine solution, HPLC separation of the deriv- 
atized mercury species with a mobile phase aiso containing L-cysteine, and ICP-M5 detection. 

Cysteinę solution; 1 % L-cysteine hydrochloride mono hydratę in water 

Mobile phase: 0.1 % L-cysteine hydrochloride monohydrate and 0.1 % L-cysteine free base in water 
Standard stock solution: 1 pg/mL of mercury (Hg) as methylmercury chloride, and 1 pg of mercury (Hg) as mercury 
chloride in 5% hydrochloric add containing 0,2 mg/ml of L-cysteine hydrochloride monohydrate 

Standard solution: 2 ng/mL of mercury as methylmercury from Standard stock solution in Cysteinę solution 

Sample Solutions 

For supplements in tablet form: Weigh, and finely powder a counted number of tablets. Transfer an accurately weighed 
portion of the powder equlvalent to 0.5 times the daily recommended Intake to a tared vlal. Add 50.0 mL of Cysteinę solution 
accurately weighed, cap the viai, and shake vigorously. Place the vial in a water bath at 60° for 60 min. Shake the vial agaln, 
and return to the water bath for another period of 60 min. Shake the vial again, and allow to coof at room temperaturę for 
about 20 min, Filter through a 0.45-pm polyethylene membranę. [Notę—F repare fresh on the day of use.j 

For supplements rn capsule form; Weigh accurately NLT 20 capsufes, and determine the average weight. Place a num¬ 
ber of capsules equivalent to about 5 times the daily recommended Intake In a blender, add 500.0 mL of Cysteinę sofution and 
blend to obtain a homogenous analytical suspension. Transfer 50.0 mL of this analytical suspension to a vial, cap the vial, and 
shake yigorousiy. Place the vial In a water bath at 60 c for 60 min. Shake the yial again, and return to the water bath for anoth¬ 
er period of 60 min. Shake the vial again, and allow to cool at room temperaturę for about 20 min. Filter through a 0.45-pm 
polyethylene membranę. [Notę—P rępare fresh on the day of use.] 

For supplements in iiquid form: Weigh accurately an amount of the liquid equivalent to 0.5 times the daily recommen¬ 
ded intake into a vial, and add 50.0 mL of Cysteinę solution. Cap the vial, and shake vigorously. Place the via1 In a water bath at 
60° for 60 min. Shake the vial again, and return to the water bath for another period of 60 min. Shake the vial again, and 
allow to cool at room temperaturę for about 20 min. Filter through a 0,45-j.Lm polyethylene membranę. [Notę—P repare fresh 
on the day of use,] 

Chromatographic system 
(See Chromatography (62']) / System Suitability.) 

Modę: LC 

Detector: ICP-M5 at a mass-to-charge ratio of 202 

Column: 4.6-mm x 15-cm; 4-pm packing LI 

Flow ratę: 1 mL/mln 

injection voiume: 50 pL 

System suitability 

Sample: Standard solution 

Suitability reguirements 

Resoiution: NLT 3 between the peak representing mercury (Hg z+ ) species at a relative retention time of about 0.56 and 
the peak representing methylmercury (MeHg + ) species at a relative retention time of 1.0 
Relative standard deviation: NMT 10.0%, Standard solution 
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Analysis 

Samples: Standard sofution and the appropriate Sample solution 

Determine the peak area of the peak representative of methylmercury in the chromatograms of the Sample sofution and 
Standard solution. 

Acceptance criteria: 0,2 ug/daily intake; The peak area for methylmercury En the chromatogram of the Sample solution is 
NMT the peak area for methylmercury in the chromatogram of the Standard solution. 


<2250) DETECTION OF IRRADIATED DIETARY SUPPLEMENTS 


BNTRODUCTION 

Federal regulations do not permit Irradiation of dietary ingredients or dietary supplements for sanitation purposes. Under 
section 201 (s) of the Federal Food, Drug, and Cosmetic Act [21 USC 321 (s)], irradiation is considered an additive, and as such 
it reguires FDA approval. Foods that are irradiated should be adequately labeled according to International and national guide- 
lines with sta tern ents such as "Treated with radiation" or 'Trealed by irradiation" in addition to Information required by other 
regulations, including the irradiation logo, the Radura [21 USC 321 (s)]. Qverexposure to irradiation may have negative effects 
on product guality. Currently, severaj independent methods are used to identify irradiated foodstuffs, including dietary supple¬ 
ments. These methods have been vaiidated and are recognized worldwide. 

Procedures based on luminescence are widely applied and fnclude screening by photostimulated lumlnescence (PSL), which 
is a rapid, simpfe preliminary screening method to detect irradiation, and a subsequent thermoluminescence (TL) procedurę to 
confirm that the sample has been irradiated. PSL is less time consuming than TL because the i norga nic/si lica te minerał source 
of luminescence does not need to be isolated from any organie components presenL Both PSL and TL signal intensities are 
affected by irradiation dose as well as by the naturę and amount of inorganic materiał TL analysis is one of the detection 
methods used for confirming the presence of irradiated foods, herbs, spices, vegetables, and fmits, although it has certain iimi- 
tations: for example, sampfes must contain sufficient amounts of silicates that can be successfully separated from the samples. 
The lengthy preparation and need for Irradiation tn all cases limits TL to a smali number of laboratories. 

The procedures described in this chapter can be used both by regulatory authorities and by producers and suppliers of 
foods, including dietary supplements, to detect undeclared irradiated products in the market for purposes of determining 
compliance with regulations, 

PRDNCIPLES OF PHOTOSTIMULATED LUMINESCENCE AND THERMOLUMINESCENCE 

Most of the natural dietary ingredients that are either cultivated or wild contain silicate minerals, calcite, or hydroxyapatite. 
Exposure to ionrztng radiation from gamma rays ( 60 Co or 137 Cs), electron beams (up to 10 MeV), or x-rays (up to 5 MeV) stirnu- 
lates electrons In those types of crystals, resulting in energized electrons befng stored in the crystal iattice. Trapped high-ener- 
gy electrons can be released by stimulation with tight or controiled heat, leavrng electron ho fes In the crystal Iattice. The ener- 
gy thus released is detected as luminescence, PSL occurs If light is applied to the system, and TL occurs when heat is applied to 
the system. The recorded luminescence intensity is proportional to the rnitlal radiation dose absorbed. 

Samples for both PSL and TL measurements must be taken from a light-protected position of the bulk sam pies, and expo- 
surę to high temperaturę and light must be avoided after the samples are taken from the bulk. Sample preparation and subse- 
quent PSL orTL measurement must be conducted under subdued lighting conditions when possibfe. 

TL has been widely used for detection of irradiation in food and dietary ingredients from which silicate minerals can be isola¬ 
ted. In this chapter, PSL and TL are described as the most appropriate detection methods for the materials typicafly used as 
dietary ingredients. The twa methods are both radiation-speciflc pbenomena, based on the observation that photon counts of 
irradiated samples usually are higher than those of nonirradiated samples. However, all avai!able methods have some limita- 
tions in terms of their specific appfication rangę, p rod uct-to-pro duet variation, complexity of or Enterference from the food ma- 
trix, and Iow concentration of radiation-Induced markers. 

GENERAL PROCEDURĘ FOR DETECTION OF IRRADIATION IN DIETARY INGREDIENTS AND 

DIETARY SUPPLEMENTS 

Screening Using Photostimulated Luminescence 

PSL, also known as optically stlmulated luminescence, is based on the emission of light in the 300-600 nm rangę from irra¬ 
diated samples when illuminated at longer wavelengths in the near-IR region. PSL analysis allows multiple measurements to be 
performed without sample pretreatment in a short period of time. PSL is also a nondestructive method that does not reąurre 
separation of inorganic minerals and organie compounds. PSL is based on optical stimulation of minerał debris, typically sili- 
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cates, and bloinorganic materials such as caldte, feidspar, or hydroxyapatitą and its sensitivity depends on the guantities and 
types of minerais present in the sample. Before the measurement of PSL, two thresholds are set; the lower typically is set at 
700 counts/min (Tl), and the upper typlcally is set at 5000 counts/min (T2). These two thresholds serve to dassify the sam¬ 
ples. After initial screening of PSL intensity from the sampEes is performed, the resufts are cEassified into negatlve (counts/ min 
less than Tl), intermedEate (counts/min NLTT1 and NMTT2), or positive (counts/min morę than 12). A second measurement 
after a known irradiation dose, known as calibrated PSL (CalPSL), is applied in cases of poorly defined sample matrices whose 
luminescence sensitivities are not well established. By comparing the screening PSL measurement against its Cal PSL response, 
analysts can take into account variation in detection sensitivity due to variabEe amounts and different types of minerais present 
in a given sample. Cal PSL measurements are recommended to ruEe out false negat?ve results due to Iow minerał eon tent. 

IN5TRUMENTATION 

The PSL system consists of pulsed IR sources for photostimulation, a single-photon counting system for highiy sensitive de¬ 
tection of luminescence, a sample cham ber, and a Computer for data analysis, 

The instrumental setup procedurę includes checks of irradiated and nonirradiated materials, as wetl as establishing measure¬ 
ment parameters (cyde Łime, thresholds, and data-recording condttions). Measurement of Initial background counts and peri- 
odic measurement of counts in the empty ehamber should be conducted In subdued lighting to confirm lacie of Instrument 
contamination. The PSL signals (photon counts) emitted from the sample/second are automaticalJy accumulated in the Com¬ 
puter and are reported as counts/min. [NOTĘ—AM experiments should be conducted under subdued lighting. In order to mini- 
mize the risk of cross-contamination, ali preparations are performed in a Eaminar-flow cabinet.] 

PHOTOSTIMULATED LUMINESCENCE MEASUREMENT 

Procedurę 

PSL screening—D ispense and weigh two portions of the sample (5-10 g, dependEng on the den sity of the product) into two 
separate 50-mm disposable Petri dishes to cover the Petri base in a thin layer. Dispense samples in subdued lighting to mEni- 
mize bleaching and under a laminar-fiow cabinet to minimize cross-contamination. Measure the PSL of the sample for 1 min 
on the duplicate aliguots, and calcuiate the mean. 

Calibrated PSL (CalPSL)— [Notę—C alPSL testing may be done only once as part of the validation of the procedurę for each ma¬ 
teriał.] 

Dispense and weigh two portions of the sample (5-10 g, depending on the density of the product) into 50-mm disposable 
Petri dishes to cover the Petri base In a thin layer. Measure the PSL of the sample for 1 min on duplicate aliquots, and for each 
sample calcuiate the mean. IrradEate the sample to a known dose of 1 kGy after the initial screening. Repeat the PSL measure¬ 
ment (CalPSL). 

Evaiuation—C\ass\fy results in the foliowing manner: 

<T1: negative, no evidence of PSL 

>T1 and <T2; intermediate, weak PSL signal 

>T2: positive, stronger signal. 

Acceptance criteria —Nonirradiated samples produce negative resuEts in the PSL screening and are known to produce positive 
results in the CalPSL. [Notę—N egative signals in the PSL screening are generałly associated with nonirradiated materiał but can 
result from low-sensitivity irradiated materia Is. To evaluate whether a sample is a 1ow-sensitivity materiał, assessment of the 
signals using the CalPSL option is necessary. Positive sjgnaEs in the PSL screening are associated with irradiated materiał. Sam¬ 
ples that are dassified as intermedEate require further investigation by the TL method to determine their irradiation status.] 

Confirmatory Analysis Using Thermoluminescence 

The TL analysis is based on physical changes En sificate minerais that are present in many food samples and dietary Engredi- 
ents. The sificate minerais are able to storę the absorbed radiation energy. A TL reader measures the amount of light that is 
emitted during controlled heating. The TL of the sample (Tty) is compared to that of the same sample following irradiation at 
1 kCy (7ty). If the TL ratio ( TL f /TL 2 ) Is greater than 0.1, the sampEe is considered to be irradiated. In order to use the TL method 
for the detection of Irradiated foods or dietary ingredients, sificate minerais must be isolated from the samples. 

INSTRUMENTATEON 

TL measurements can be performed with a TL detector that meets the specifications in Table L 
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Table 1. Thermoluminesence Detectar SpecEfications 0 


Radiatión b 

P ho ton: energies >5 keV 

Neutron: thermal to 100 MeV 

Electron/be ta: energies >70 keV 

Measurement ran ges 

10 j±Gy to 1 Gy (1 mrad to 100 rad) Itnear 

1 Gy to 20 Gy (100 rad to 2000 rad) supralinear 

Repeatabifity 

For 1 mGy (100 mrad) 137 Q doses, <2% standard deviation of 10 sequen- 
tlał measurements 

Heating piąte 

50° to approximate!y 500° 
appraximately 6°/s 


13 Ha rshaw TLD 3500 (Thermo Fisher Sdentific, Waltham, MA) and Nanogray TL2000 (Nanogray, Osaka, Japan) are suitable. 
b Gamma rays from ÓO Co or 10-MęV dectran beams are suitable radialbn sources. 


PROCEDURĘ FOR SAMPLE PREPARATfON 

Sodium polytungstate solution: Prepare a solutton of sodium polytungstate in water with a finał density of 2 g/mL. 

Minerał extractron: Suspend 3-20 g of sampfe with 50-100 ml of pure water, and sonicate for about 5 min, 5ieve through 
a 250-pm nylon mesh, rinsing the mesh with water each time by using a 5trong jet from a wash bottle into a larger beaker 
(500-1 000 mL). Allow the minerals to settle for 5 min and decant most ofthe water, leaving the minerals in <50 mL of water. 
Transfer the minerał fraction to a centrifuge tubę, and centrifuge for 1 min at 1 000 * g, Discard the water layer. 
Preconcentration density separation: Add 5 mL of the Sodium polytungstate solution to the minerals in the centrifuge tubę. 
Shake or mix on a vortex mixer, then sonicate for 5-15 min. Centrifuge for 2 min at 1 000 x g. Silicate minerals (density 2.5- 
2,7 g/mL) predpitate, whereas organie components ffoat, Carefuliy overlay a iayer of water on the Sodium polytungstate solu- 
tion, and discard the water layer and the organie materials by decantation or vacuum suction, leaving the minerals behind in 
the polytungstate layer. Carefuliy remove the Sodium polytungstate solution layer, and wash the minerals Lwice with water (cen- 
trifuge at 1 000 x g briefly). Add 1-2 ml of 1 M hydroehlorie add, shake, and leave for 10 min in the dark to dissolve carbo- 
nates adhering to the siiicate materials. Neutralize the add with 1 M ammonium hydroxide. Fifl the tubę with water. Allow the 
minerals to settle, and centrifuge. Discard the water, and wash the minerals twice with water. 

Fixing the minerals on disc for TL measurement: Add 3 mL of acetone to the preconcentrated minerats, and shake to dis- 
place residua! water. Use a stainfess Steel disc suitable for :he TL reader in use. [Notę—D rscs typicafly are 9-10 mm in diameter 
and 0.25-0,50 mm in thickness]. Carefuliy clean the disc oy rinsing in water, wash two to three Limes with acetone, and dry in 
an oven. Storę under dust-free conditions. Record the weight of the clean disc fmmediately before use. Transfer the minerals 
(in acetone), and dry the disc at 50 D overnight (lab oven). Weigh the disc, and caiculate the mass of minerals. Repeat the ex- 
tractlon, if necessary, to meet the system suitability requirements. [Notę— The minerał sample amount is typically between 0.1 
mg and 5 mg], The deposited minerals can be flxed on the disc by using sMrcone spray (or by layering with 0,2% carboxyme- 
thylcellulose) and drying at 50° overnight. 

Blank dises: Use clean dises. 

TL MEASUREMENT 

TL measurements are performed using a TL reader. Register the TL emission as a function of temperaturę (glow curves). 
Minimum detectable integrated TL intensity fevel (MDL): Integrate the TL intensity of the first glow of the blank dises, 
and calcufate the standard deviation. The MDL is three times the standard deviation ofthe integrated TL intensity of the blank 
dlscs. 

System suitability: The integrated TL intensity of the irradiated sampfe (TL 2 ) shouid be at ieast 10 times the MDL. 
Measurement of TL S 

First-gfow TL f measurement —Set the instrument to an initiat temperaturę of 70°, a heating ratę of 67s, and a finał temperaturę 
of 350°. Flush the chamber with nitrogen. Place the sample disc on the heating piąte of the TL reader, and measure the glow 
curve, Determine TL t as the integrated TL signaf between 150° and 250°, Measure the background glow for the sample (BGj) 
after cooling the sample to 50°. After measuring TLj and BG U measure the weight of the sampie (BWJ. 
trradiation —Irradiate the disc with the minerals, with a delined radiation dose of about 1 kGy, [Notę—A source of “ D Co gamma 
rays is suitable.] Storę at 50° overnrght. 

Measurement of TL 2 

Second-glow TL 2 measurement —Measure the TL for the irradiated sample (TL 2 ) as deseribed for TL Measure the background 
glow for the irradiated sample (BG J after cooling the sampfe to 50°, and record the weight of the sample piąte with the sam¬ 
ple (BW Z ). Measure the blank tevels for process eon troi (without the sample), foliowi ng the procedures at each stage* Caiculate 
the MDL as the integrated TL intensity of the blank plus three standard deviations, 

TL glow ratio: The TL glow ratio per sample weight is cafculated as described below: 

TL glow ratio - {(TI, - BG r )/JJM/,3/[(7X^ - BG 2 )/BW 2 ] 

TL } ~ irradiated sample for the first-gfow measurement 
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BGj - background glow for the irradiated first-glow sample 
BWj - weight of the irradiated first-glow sample 
TL ? - irradiated sample for the second-glow measurement 
8G 2 - background flow for the irradiated second-glow sampfe 
BW 2 - weight of the irradiated second-glow sample 

Evafuatlon: TL glow ratios from irradiated samples are typically greater than 0.L The ratios from nonirradiated samples are 
below 0.1 * 

Acceptance critena: The temperaturę that gives the mascimum glow from TI, measurement must be equal to or hjgher than 
the one from a nonirradiated sample. The TL glow ratto must be NMT 04 for nonirradiated materials. 


Change to read: 

<2251 > -SCREENING FOR UNDECLARED DRUGS AND DRUC 

ANALOGUES. 


INTRODUCTION 

Change to read: 

The illegal addition of undeclared synthetic compounds to products marketed as dietary supplements 1 (DS) b «an issue of uni- 
versal concern.* m This fraud is practiced to impart therapeutic effects that cannot be achieved by the ®dietary in- 

gredients* m i.Aug.zrmj ałone. Increasingly, synthetic intermediates and structural analogues of the pharmaceuticals and drugs 
that have been discontinued or withdrawn from the market •* (m \. Ąxtg . 2 o^ are being used as adulterants. Multiple adulterat- 
ing compounds may be added to a single *product,* {m hMnJ . 2 ou) frequently in erratic amounts. 

The proposed test methodologies fadlitate screening •* {RB ^ g . a oi6> f° r synthetic adulterants. No individual technigue is capa- 
ble of addressing aJI potentiai anaiytes; thus, a combination of orthogonal approaches adds certainty to the analytical out- 
come. Mass spectrometric techniques provide strong substantiation of the analytical findings. In some cases, e.g., with hor- 
monal drugs, the amounts of physiologically relevant adulterants may be so Iow that CC-MS or LC-MS may be the only 
fitting analytical options. 

The express purpose of assembfing the procedures recommended herein is their •suitability for* (ftB t.Aug. 2 oi 6 ) screening. The 
level of evidence achievable by application of one or several of the recommended procedures is ultimately dictated by the 
spedfic reąutrements of the end-user. It should be noted that structure eluddation and quantitative assessment 
*# tną \^md are be y° nd sco P e of this chapter. 

This chapter is meant to be updated regularly, # as* (HBi.Aug. 2 cn 6 } new concealment methodologies for the adulterants are intro* 
duced, or improvements to the methods of analysis are realized. 

Change to read: 

m m W6) ADULTERATION CATEGORIES 

The following major categories of adulterated •products* (FtB , łĄyg . a0Jfi> are recognized: 

* Sexual Enhancement: This category is aiso referred to as the Erectife Dysfunctton (ED) category. It encompasses a funt* 

tionally coherent group of adulterants, including several approved drugs, their numerom approved and unapproved 
analogues, and synthetic intermediates. •* Their functionality is manifested by inhibition of phosphodiester- 

ase type 5 enzyme (PDE5), which hydrolyzes cyclic guanosine 3',5'-monophGsphate (cCMP); this group of •com¬ 
pounds* (Ftai.Aup. 2 oHj is freguentiy identified as PDE5 inhibitors. Screening methods for •products* adulter¬ 
ated with ED •compounds* (ftB are presented in Appendm A. 

* Weight Loss (WL): This category comprises a functionally and chemicalty diverse coliection of compounds that include 
stimulants, laxatives, diuretics, anorexiants, and psychoactive drugs. Although stimulants constitute an imporlant seg¬ 
ment of WL adulterants, the ora! anorexiant sibutramine dominates this category, frequently in combination with phe- 
nolphthalein, a laxative. Methods for analysis of •products* mhĄ ^ 2 n\6) adulterated with WL •compounds* m ,. AugjKnń) 
will be addressed in Appendix B (to co me). 


1 In the United States, dietary supplements are defined as substances that are ingested, in agreement with 21 U.S. Codę §321 (ff)(2XA)(i). Definitions of dietary 
supplements, nutritEonal supptements, functional foods, and bk>actłve food addittves may vary e*tensive(y, depending on locai or national legisfation, In the mar- 
ketplace, there is a trend toward expanding the modę of delivery of the adulterating compounds to routes not covered by the regulatory definitlon for dietary 
supplements, topical ofls, creams. lotions, e-cigarettes, chewing gums, sprays, and others. Such novel delivery systems present unique challenges, partiailarly 
from the standpoint of sample preparalion, and are not considered fofthe purposes of this chapter to be dietary supplements. However, recognizing the emerging 
threat, USP chooses to highlight the e>tbtence of tbese products. Jn no way should mention of these products be interpreted as a comment on their iegal status or 
be perceived as an expanston of the definition of OS. 
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* Sports Performance Enhancement (SPE): These compounds constitute the third major category of adulteration. Pro- 
fessional and amateur athletes are targeted with designer a naboi Ec steroids and stlmulants, whlch are systematitally 
banned by the World Anti-Doping Agency. Funcfional and structural dlversity, synthetic prodIvity of the adulterators, 
and the generally smali amounts of the infringlng substanees required to elidt a therapeutic effect make this category 
espedally challenging to address. These supplements are customanly formulated In protein- and fat-rich matrices, 
thereby further compllcating detection. For these reasons, CC- and LC-MS n technEgues constitute primary analytical 
methodologies within this category. Analysis of “products* (flB ej adulterated with SPE • compounds* {Re 1 .^ 201 *) 
will be addressed in Appendix C (to co me)- 

Change to read: 

•BULK INGREDIENTS* m , , Aug _ a016 , AMD DOS AG. E FORMS 

•Adulteration may occur elther at the level of bulk ingredEents* m or at an V *subsequent* m i. Aug . 2m6) stage of the 
finished product manufacturing. Analysts should be mEndfut of the •possibility of* {RB , 6) adulterants •physrcally associ- 

ated with* m UAugzoj ą finished dosage •* (rbi-al^zotą niatrix or excipients / as well as components* In the latter, synthetic 
compounds •haue been found* m i. Aug . 2 oi6) embedded into the capsule shelJ body, This underscores the need for deliberate 
adjustment to the laboratory proced u res thaf ty pica! ly focus on the capsule contents alone. Appropriate sampling practices 
for powders and finished dosage forms shoufd be exerosed, particularly when onfy a limited amount of sample 1 $ available. 

Change to read: 

RECOMMENDED ANALYTICAL METHODOLOGIE5 

•Adulteration analysts* (RB1 . Aug , 2 pu> nnay be broadly categorized into targeted and nontargeted methods. The distinctron be- 
tween these types may be subtle, and a minor adjustment to the methodology wiEI transform a nontargeted method into a 
targeted method, 

Targeted 

These techniques are warranted when the analytes are known. An example of a targeted approach wouid be monitoring a 
chromatographic run at a parflcular wavelength (or mass), and guantifying the analyte that appears within a predefined 
retention time windo w. Targeted analysis is conceptualfy straEghtforward, because it rei fes on pre-existing knowledge of 
the anaJyte and altows optimization of test methodology for its reliable detection* The targeted approach also is a rarity in 
the •adulterated products analysis,* (RB] Aug ^ 016) where the naturę of the analyte may be anticipated only tentatEvely, and 
variable amounts of multiple adulterants belonging to severaf functional categories are commonplace. 

Nontargeted 

These methods are better suited to a broad-spectrum detection reguirement presented by adulterated •products. 

* (RBi-Aug- 2 oi 6 ) Nontargeted screening trades precise knowledge of the analyte identity, along wlth speclficity and accuracy, 
for a wider detection scope. Examples of nontargeted chromatographic screening indude acguisition of photodlode array 
data and fuli mass*spectral scanning followlng a chromatographic separation. The procedures in this chapter are written 
with an eye toward applying alf techniques in a nontargeted modę, even the ones constdered to be inherently targeted, 
thereby fadlitating detection of a suspect adulterant even in the absence of a matching reference compound. 

It is generafly recommended to appiy a broadly nontargeted methodology flrst, followed by a targeted procedurę. It Is cm- 
ciał to clearty define the end-purpose of analysis, and only then decide on the appropriate instrumentatlon and assemble 
a loglcal testing strategy from the procedures provided* Thus, applrcation of a nontargeted screening method may satisfy 
the regulrements of a •* (R i^. Aug , 2016) manufacturer for the purposes of monitoring bulk raw materlals. Conyersely, a labo- 
ratory regulrlng a higher level of evidence to enact an enforcement action may opt for a two-step procedurę: a prelimlna- 
ry screen, followed by confirmatory analysis of suspect samples. 

USP Reference Standards recommended for •* m , TAu g-;oie> screening are listed at the end of eath refevant Appendix, How- 
ever, considering the ratę of propagation of structural analogues and prolsferation of newly developed "designer" mole- 
cules, establishing and maintaining an all-inclusive catalog of reference materials •* (RB KAug^oiej # hoth* chal- 

lenging and impractieaE, Several commerdal sources of the compounds of interest exist. 2 Please notę that mentlon of the 
external reference materlals suppliers does not in any way constitute their endorsement, •as* m 1.^201 ej neither does the 
listing of reagents, supplies, and instrumentatlon. 

APPENDiK 

Change to read : 

0 Appemdik A, Screening EV1ethodologies for PDEs hnhibitors 
1. HPLC with Photodiode Array Detection 

Solution A: 0.1 % Formie acid in water 

Soiution B: 0.1% Formie acid in acetonitriEe 


2 CacheSyn (http:// www.cachesyn.com/); Santa Cruz Biotechndogy, Inc. (http://www.se bteorn); TLC Pharmachem (hLLp:/Avww.Ucpharmachem.corri/); and Tar- 
onto Research Chemicals (http://www.trc-canada.com/) are same of the potenlśal sources of ram and hard-to-find adulterant reference materiaEs, 
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Mobile phase: See Tobie L 


Table 1 


Time 

(min) 

Solution A 
<%> 

Solution B 

(%> 

0 

95 

5 

1S 

5 

95 

23 

5 

95 

24 

95 

5 

31 

95 

5 


Diluent: Acetonitrile and water (50:50) 

Standard solution: 100 pg/mL each of USP Sildenafil Citrate RS f USP Tadalafil RS, *and # USP Vardenafil Hy- 

drochloride RS in Diluent 

Sample solution: Combine one-fifth of the dosage unit, 10-20 mg of bulk materiał, or a smali fragment of the capsule 
shelf (3 mm x 3 mm) with 10 mL of Diluent, sonieate for 30 min, and pass through a 0.2-pm PTFE syringe filter. 
Chromatographic system 
(See Chmmatography (621), System Suitability.) 

Modę: LC 

Detector: Photodiode array, 200^00 nm 
Analytkal wavelength: 290 nm 
Column; 24-mm x 15-cm; 5-pm packing LI 3 
Column temperaturę: 40° 

Flow ratę: 0.2 ml/min 
Injection voiume: 1 pL 
System suitability 
Sample: Standard solution 
Suitability reguirements 
Column efficiency: NIT 3000 theoretical piates 
Tailing factor: NMT 1.5 
Analysis 

Sample: Sample solution 

Examine the UV spectra of the prominent peaks for slfnłlarity to those in the m Standard solution # im or other 

known PDE5 inhibitor compounds (Figurę 1 and Tobie 5), Typka! retention times of several PDE5 inhibitor* are provided 
in Tobie 5. However, neither retention time match nor the absorbance spectrum simiiarity should be construed as suffl- 
cient confirmation of the Chemical identrty of an adulterant* 

2. HPLC with Mass-Spectrometrk Detection 

•Preferably, # {RB 1 . Aug _ 2016) a mass-spectrometric detector is connected in seguence to the UV-Vis detector. The settings be- 
Iow apply to an ion-trap mass spectrometer. Other MS detectors are suitabfe; however, it is advisable to use spectrome- 
ters that possess MS/MS capability. 

Solution A: 04 % Formie acid In water 
Solution B: 04 % Formie acid in acetonitrile 
Mobile phase: See Tobie 2, 


Table 2 


Time 

(min) 

5olution A 

("/«) 

Solution B 

<%) 

0 

95 

5 

15 

5 

95 

23 

5 

95 

24 

95 

5 

31 

95 

5 


Diluent: Acetonitrile and water (50:50) 

Standard solution: 5 pg/mL each of USP Sildenafil Citrate RS, USP Tadalafil RS, *and # USP Vardenafil Hydro- 

chloride RS in Diluent 

Sample solution: Combine one-fifth portion of the desage unit, 10-20 mg of bulk materiał, or a smali fragment of the 
capsufe shell (3 mm x 3 mm) with 10 mL of Diluent, sonicate for 30 min, and pass through the 0.2-jim PTFE syringe filter. 
Di lute the filtrate 20-fold with Diluent before injection. 


3 The procedurę was developed on the Agilent Technologies Zorbax SB-CtS column. 
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Chromatographic system 
(See Chromatography (621), System Suitability.) 

Modę: LC 

Detector: UV 290 nm 

Column: 2.1-mm x 15-cm; 5-pm packing LI 4 
Column temperaturę: 40° 

Flow ratę: 0.2 mL/min 
Injection volume: 1 pL 
Mass spectrometric system 5 
(See Mass Spectrometry (736).) 
lonization: ESI 
Polarity: Positive or negative 
Sheath gas: 35 mL/min 
Sweep gas: 5 mL/min 
Capillary temperaturę: 300° 

Source vo!tage: 5 l<V 
Collision: 45 meV 

Scanning: m/z # 90 # (RB 1 ^ ug . 2 oi6r^ 050 and dependent scan on the most intense ion 
System suitability 
Sample: Standard solution 
Suitability requirements 

Resolution: NLT 2.0 between vardenafil and sildenafil peaks 
Tailing factor: NMT1.5 
Analysis 

Sample: Sample solution 

Compare mass-to-charge ratios of the molecular ions [M+H] + or [M-H]- and fragments to those of the Standard solution 
or other known analytes listed in Table 4. Typical retention times of several common PDE5 inhibitors are provided in 
Table 5. 

3. High Performance Thin-Layer Chromatography (HPTLC) with Visual, UV, and/or MS Detection 
Standard solution: A composite of 0.2-mg/mL each of USP Sildenafil Citrate RS, USP Tadalafil RS, and USP Vardenafil 
Hydrochloride RS in methanol, with sonication if necessary. Additional reference materials may be available commercially. 
Sample solution: Comminute 1 dosage unit, including the capsule shell and tablet coating, or about 500 mg of raw ma¬ 
teriał; combine with 10 mL of methanol, and subject to ultrasonication for 30 min. Centrifuge or filier the solution, and 
use the supernatant. [Notę— Upon development, if the chromatographic bands appear too saturated and UV densitomet- 
ric spectra are distorted, dilute the Sample solution 10-fold with methanol.] 

Developing solvent system: tert-Butyl methyl ether, methanol, and 28.0% (w/w) ammonium hydroxide (20:2:1). 

[NOTĘ—Strength of ammonium hydroxide was found to be crucial for adequate method performance. It is therefore ad- 
visable to establish the titer of higher-concentration ammonia 6 and to adjust the latter to exactly 28.0% immediately be- 
fore the experiment.] 

Chromatographic system 
(See HPTLC forArticles of Botanical Origin (203).) 
o 

O (R0 l-Aug-2016) 

Adsorbent: Chromatographic silica gel with an average particie size of 5 pm 
Application volume: 3 pL, as 8-mm bands 

Relative humidity: Condition the piąte to a relative humidity of 47% using a suitable device in the presence of a satura¬ 
ted solution of potassium isothiocyanate. 

Temperaturę: Ambient 
Saturation: 20 min, with paper 
Developing distance: 6 cm 
Derivatization reagent: Nonę 
Drying: 5 min in a current of cold air 

Detection 1: Visual, under illumination with 254- and 365-nm UV light 
Detection 2: UV-Vis spectrometry (scanning densitometer), 190-550 nm 
Detection 3: Mass spectrometry, m/z *90* (RB i.Aug-2oiór^ 5 ^ 


4 The procedurę was developed on the Agilent Technologies Zorbax SB-C18 column. 

5 The settings were found appropriate for ThermoElectron LTQ XL Linear Ion Trap Mass Spectrometer. Users will need to optimize their respective 
instrumentation according to the manufacturer's recommendations. 

6 32% Ammonia solution is available from EMD Millipore. 
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Mass spectrometnc system 7 

(See Mass Spectrometry (7 36),) 
lonization: ESI 

Polarity: Positive, negative, or rapid switching 
Desolvation gas (N ? ): 300 L/h 

Cone gas (N 2 ): 80 L/h 
Temperatures 
ESI probe: 105 fl 
Desolvation: 150° 

Captlfary voltage: 3.0 kV 
Cone vo!tage: 50 V 
Scanning: m/z *90. w 050 

System suitabiiity 
Sam ple: Standard solution 

Suitabiiity reguirements: Under UV fight at 254 nm,. sildenafil, tadalafil, and vardenaf(l appear as dark bands against 
the fluorescent background, Under UV light at 365 nm, sildenafil, tadalafil, and vardenafil appear as blue fluorescent 
bands. 

Analysis: Inspect the piąte under short-wave (254 nm) and long-wave {365 nm) UV light, PDE5 inhibitors appear as dark 
bands against the fluorescent background at 254 nm and typicaliy exhibit different shades of blue fluorescence # under 
• (rb i **g* 2 tnó) 365 nm* Notę the simifarities in R f values between the bands in the Standard solution and Sampie solution; 
these may be informative, •however they do not consutute suffident proof of identity.* R e| ative intensities of 

the bands permit approximation of the amounts. Using scanning densitometry, obtain UV spectra of the prominent 
bands in the Sampie solution , and compare them to those of the PDE5 inhibitors in the • Standard solution m <fiB 1 ^ 2016 ) 
and those provided in Tabk 5 and Figurę h Mass-speclrometric interface, if avarlabfe, may facilitate morę definitive assign- 
ment of the analyte bands: compare mass-to-charge ratios of the molecular ions [M+H]+ or [M-H]- and fragments to 
those of the common adulterants listed in Tobie 4. 

4. Ambient lonization Mass Spectrometry 

Diluent: Acetonitrile and water (50:50), with 0.1 % formie acid 

Standard solution: A composite solution containing 20 pg/mL each of USP Sildenafil Ci tratę RS, USP Tadalafil RS, and 
USP Vardenafii Hydrochloride RS in Diluent Additional reference materials may be avallable commerdally. 

Sampie solution: Grind the entire dosage form, induding the capsule shell and tablet coating, to a fine powder* Weigh 
about 50 mg of the resulting powder, or about 50 mg of buik materiał, and combine with 5 ml of Diluent Cap tightfy, 
subject to ultrasomcation for 2 min, and vortex thoroughiy. Centrifuge orfilter the resulting solution, and dilute an ali- 
quot of the supernatant or filtrate 100-fold with Diluent. 

Mass spectrometnc system 

(See Applications of Mass Spectrometry <1736), Mass Spectrometers f lonization Procedures, Ambient lonization Procedur es.) 

lonization: Ambient with thermal desorption 

Modę: Thermal profile 

Polarity: Positive, negattve, or rapid switching 

Gas temperaturę: 150°, 250®, 350°, and 450° 

Scanning: m/z *90 # i^o^r 1050 

System suitabiiity: Deposit 3-pL alrguots of the Standard solution onto the disposabłe sampie cards* Set the compatible 
mass spectrometer to a 30-s acquisition of ®90, m ItĄu9 ^ 6r l 050 Da* Using one sampie card for each temperaturę set- 
ting, acquire mass spectra at each of the following deserption gas temperatures: 150°, 250°, 350°, and 450° in positive 
ionization modę, Switch polarity, and re-acquire spectra at the same four temperatures in the negafive ionization modę. 
[Notę—I f the mass spectrometer permits rapid polarity switching, both positive and negative spectra may be acguired 
simultaneously using a single sampie,] Conflrm that the [M+H]* or ions of sildenafil, tadalafil, and vardenafii are 

observed as listed in Tobie 4. 

Analysis: Deposit 3-pL afiguots of the Sampie solution onto the disposabłe sampie cards, and folbw the proceduro out- 
lined above for the Standard solution, In the event that a single ion dominates the mass spectrum at every temperaturę 
setting, dilute the Sampie Solutions 10-fold with D;7uentand re-analyze* Compare mass-to-charge ratios of the molecular 
ions [M+H| + or [M-H]- and fragments to those of the known analytes listed in Tobie 4 . 

5. NMR Spectroscopy-Low-Freld and High-Field 

(See Nudear Magnetic Resonance Spectroscopy (761), Qualitative and Quantitative NMR Analysis.) 

[Notę—D euterated acetonitrile (CDjCN) should be NLT 99*8 atom % D, and should contain 0.05% tetramethylsilane 
(TMS) as a Chemical shift reference. Use of solvents in sealed ampules is recommended. NMR tubes should be suitable for 
use at the selected magnetic field slrength ] 


7 Procedurę was developed using Expression CMS mass spectrometer frdm Acvion, egulpped with a TLC-MS interface availabie from CAMAG. If other mass 
spectrometers are used, relevant settings will have to be optimized. The bands were dlrectly eluted with a rnixture of water and acetonitrile (80:20) containing 
0.1% formie acid. 
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5tandard Solutions: Dissolve 10 mg of USP Sildenail Citrate RS, USP Tadalafil RS, or USP Vardenafil Hydrochlonde RS m 
separate 1-mL aliguots of CD 3 CN, and transfer 700-pL aliquots of the resulting Solutions into individual NMR tubes. Addi- 
tional reference materials are available commercially. 

Sam ple solution: Crind the entire dosage form, induding the capsule Shell and tablet coating, to a fine powder* Transfer 
100-200 mg of the ground materiał, or an equivalent amount of bulk raw materiał powder, into a 5-ml sealable glass 
viaJ. Add 1 mL of CD 3 CN, vortex thoroughly, and albw the soiids to settle. Transfer about 700 \il of the supernatant to 
an NMR tubę, taking care to minimize transfer of so ids. 

Instrument performance qualtfrcation 
(See Nudear Magnetk Resononce Spectroscopy (761}.) 

Magnetic field strength: NLT 42.5 MHz ('H operating freguency) 

Data collection: Use the parameters specified in Jobie 3; perform 90 ń pulse width calibration before the analysis accord- 
ing to the recommendations of the eguipment manufacturer. 


Table 3 


Pa ramę ter 

^-NMR Qualltatlv€ Measurement 

Pulse program 

Single pulse 'H 

Spec trał width 

14 ppm (-1 to 13 ppm) 

Trans mltter offset 

Center of spearal widLh 

Relaxaiion delay 

5-10 s 

Acguisltion time 

2-5 s 

Number of data points per FID fl 

NLT 16,000 

Temperaturę 

25* 


* Free induetion decay. 


System suitabillty: Acquire a 'H spectrum of the m Standard solution m using the settings outlined in Dato col¬ 

lection. Record a sufficient number of seans to ensure that signal-to-noise ratio of the TMS signal h NLT 10. 

Analysis: Acquire a >H spectrum of the Sample solution under the conditions outlined in Data collection . Record a sufficient 
number of seans to ensure that the signal-to-noise rado of the TMS signal is NLT 10. Reference a El acguired spectra to 
the signal of TMS (0 ppm). Measure and record the Chemical shift and multiplicity of the NMR signals in the spectra of 
the Standard Solutions and Sample solution. Compare the T H NMR spectrum of the Sample solution to those of the Standard 
Solutions , paying particular attention to the aromatic region (5-9 ppm), Determme whether the Chemical shift and multi¬ 
plicity of the NMR signals in the Sample solution exhibit sufficient similarity to those found in the Standard Solutions . 

6. Bioassay 8 9 

PDE5 enzyme* stock solution: Prepare a concentration of approximately 3000 Units/pL, If necessary, dilute with 40 mM 
tns(hydroxymethyl)aminomethane hydrochloride (tris-HCI), pH 8.0, 110 mM sodium chloride (NaCI), 2.2 mM potassium 
chlonde (KCI), 3 mM dithiothreitol, and 20% glycerin. Vortex gently to mix, 

PDE5 working solution (100 Units per 6,5 pL): Combine 400 pL of PDE-Clo™ Reaction Buffer 5X, 10 pL of PDE5 enzyme 
stock solution , and 1590 jliL of % fR ai-A Ug ^cHć) water. Vortex gently to mix. 

cCMP solution: Combine 400 pL of PDE-Clo™ Reaction Buffer 5X, 40 pL of 1-mM cCMP stock solution, and 1560 pL 
of ** m |. All 9 . 2 oi 6 ) water. Mix thoroughly by vortexmg. 

100-mM IBMX stock solution in DMSO: Prepare a 22.2-mg/mL solution of 3-isobutyl-1-methylxanthine (IBMX) in dime- 
thylsuifoxide (DMSO), e.g., dtssolve 100 mg of IBMX In 4,5 mL of DMSO. Mix thoroughly by vortexing. 

Reaction buffer: Combine 400 pL of PDE-Cfo™ Reaction Buffer 5X and 1600 pL of % (rbi-a^mić) water - Mix thoroughly 
by vortexing, 

Reaction buffer with 4% DMSO: Combine 400 pL of PDE-Glo™ Reaction Buffer 5X, 80 pL of DMSO and 1520 pL of 
% (wn a*,- 2 oić) water. Mix thoroughly by vortexing. 

Termination buffer: Combine 400 pL of PDE-Clo™ Termination Buffer 5X, 40 pL of JOO-rnM IBMX stock solution in 
DMSO, and 1560 pL of % ( r B !^ 9 . 201 *) water. Mix thoroughly by vortexing, 

Detectron buffer: Combine 400 pL of PDE-Clo™ Detection Buffer 5X, 16 pL of Protein Kinase A Solution, and 1584 pL 
of *• wi erną water * Vortex gently to mix. 

Kinase-Clo™ reagent: Add 10 mL of Kinase-Glo™ Buffer to the via! of Kinase-Clo™ Substrate, and vortex gently. 

Standard solution {400 nM): Dissolve 5 mg of USP Sildenafil Citrate RS in 3,0 ml of DMSO to obtain a 2 . 5 -mM stock 
solution. Combine a 1 0-pL ałiąuot of the resulting solution with 240 pL of DMSO, and mix thoroughly ( 1 00 pM), Com¬ 
bine a 1 G-pl aliguot of the resulting solution with 90 pL of DMSO, and mix thoroughly (10 pM), Combine a 1 G-pL ali- 


8 The procedures were deve!oped using commerdal Promega PDL-Glo™ Phosphodtesterase Assay KiE, CaEalog # VI 361. It indudes the following reagenta; PDE- 
Glo™ Reaction Buffer 5X (Catalog # VI 33A); PDE-Glo TKt Detection Buffer 5X {Catalog # VI34A); Protein Kinase A Solution (Catalog # VI35A); PDE-Clo™ 
Termination Buffer 5X {Catalog ii V136A); cGMP Stock Solution, 1 mM (Cataiog # V641A); cAMP, 1 mM (Catalog # V642B); Kmase^Glo™ Substrate (Catalog U 
V672A); and Kinase-Glo 1 ' 1 Buffer (Calalog U Vć73A). Kits from altemative suppliers may also be used, e.g,, BPS Science, Catalog # 60350, although re-optimization 
of test procedures will be required. 

9 The procedures were developed using human phosphodiesterase 5A from BPS Biosdence Catalog # 60050, The enzyme is availabie from numerous suppliers, 
e,g,, Sigma-AldrIch Catalog ti E9034, 
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quot of the resulting solution with 240 pL of Reaction buffer, and mix thoroughly (400 nM); •the last dilution is the Stand¬ 
ard solution. m (łm i-Aug- 2 oie) 

Control solution: Combine 10 pL of DMSO with 240 pL of Reaction buffer ; and mix thoroughly by vortexing. 

Sampfe solution: Grind the entire dosage form, induding the capsule shell and tablet coating, to a fine powder. Transfer 

100 mg of the ground materiał into a 5-mL polypropylene vtal. Add 3.0 mL of DMSO, and vortex for 60 s. Al Iow solids to 

settle, combine 50 pi of the elear supernatant with 200 pL of DMSO, and mix thoroughly by vortexing. Combine a 10-j.iL 
aliquot of the resulting solution with 90 pL of DMSO, and mix thoroughly by vortexmg. Combine a 10-pL aiiquot of the 
resulting solution with 240 pL of Reaction buffer t and mix thoroughly by vortexing; •the last dilution is the Sample solu- 

bOn. m i*Aug 20T6) 

Analysis 

1. Dispense 12.5-pL aliquots of the Standard solution t Control solution, and Sample solution into microplate wells, in 
trrplicate. Use a white, flat-bottom, opaque polystyrene, nontreated, 96-well microtiter piąte. 10 [Nott —Do not use 
treated plates, black plates, or elear plates.] 

2. Add 6,5 pL of PDE5 working solution to each well. Incubate for 5 min. 

3. Add 6,0 pL of cGMP solution to effect a 5~pM cGMP concentration in a 25-pL volume, Incubate for 30 min, 

4. Add 12.5 pL of Termination buffer. Incubate for 5 min. 

5. Add 12.5 pL of Detection buffer , Incubate for 20 min. 

6. Add 50 pL of Kinase-Glo ™ reagent Incubate for 10 min, 

7. Record luminescence at 560 nm with a microplate lummometer at 0.5 s/well. 

[Notę —Incubate the piąte at room temperaturę, preferably using a piąte shaker.] 

Calculate average luminescence values for the replicate preparations. Assess the degree of PDE5 inhibition in the Sample 
solution refative to that observed in the Standard soluiion and Contro/ solution . Inhibition of PDE5 ts manifested as reduc- 
tion of luminescence; the sampies that exhibit suppression of fuminescent output comparable to or in extes$ of that ob- 
served with the Standard solution are likely adulterated with synthetic PDE5 inhibitors. 

• USP Reference Standards (11) 

U5P Sildenafil Citrate RS 
USP Tadalafil RS 

USP Yardenafil Hydrochloiide RS 


Table 4. Mass Spectra! Pata for Sefect PDE5 Inhibitors 1 


# 

Natne 

CAS Number 

Chemical 

Formula 

Exact Mass 

[M+HJ" 

[M-H]- 

Fragment* 

1 

Ace tarnino tadalafil 

1446144-71-3 

^23^30^ O* 

432.1434 

433 

— 

455 [M+Na]*, 391, 
311,269, 250 

2 

Acetll acid 

*147676-78-6 

» IBB l-Auu.20161 


356.1485 

357 

— 

329, 300, 285, 268, 
256, 242, 166, 131 

3 

Acetildenafil (Hongdenafil) 

831217-01-7 

C„H h N s O } 

466.26924 

467.28 

— 

449, 439, 420, 404, 
396, 381, 355, 
353, 339, 

325, 324, 311, 
297, 285, 166, 
127, 111,99, 9? 

4 

Acetylyardenafil 

1261 351-28-3 

c 2S h m n 6 o 3 

466.2692 

467 

— 

439, 396, 341, 317, 
270 

5 

Aildenafil (Dlmethylsfldena- 
f\\ t 

Methisosildenafii) 

496835-35-9 

C:jHjjN 6 0 4 S 

488.22057 

489,23 

— 

432, 377, 313, 311, 
283, 113, 99 


487.40 

460,310, 282 

6 

Amino tadalafil 

385769-84-6 

c 2 ,h, 8 n.o 4 

390.1328 

391.14 

— 

269, 262, 241,239, 
224, 197, 169 

— 

389.1248 

362, 298, 262, 234, 
233, 232 

7 

(5, R)-Aminotada tafii 

Amino tadalafil) 

• 1093940-70-5 

• run t-Aua-J0i6) 

C I |H^ b N 4 0 4 

390.1 328 

391 

— 

No data 

s 

Avanafil 

330784-47-9 

c„H J6 N 7 o 3 ei 

483.1786 

484,186 

— 

375, 349, 221 


A Compiled from peer-rewewed literaturę, and Communications with USP collaborators. See cojresponding Chemical struciures in Figurę 2 , 
15 Bold, fragment subjetied to MS 3 fragmenlation, 
c łtalfcs, MS 5 fragment* derived from the parent fragment (boId). 


10 Confomning plates are available from Corning (Costar 3912 or Costar 3963)* Thermo Sdentilic (htunc lM Caialocj #236105), and olher vendors. 
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Table 4. Mass Spec trał Data for Selecł PDE5 Inhlbltors 1 (Continued) 


# 

Name 

CA5 Number 

Chemical 

Formula 

Exact Mass 

[M+H]* 

EM-H ]- 

Fragments 

9 

Benzyls ifdenafil 

•(446089-82-2 

• (RB1-AUO-2016) 

C 2a H 34 N a 0 4 S 

550.2362 

551 

— 

3 77, 283 

10 

W-Butylnortadalaftl 

1 71596-31-9 

c 25 h 25 n 3 o 4 

431.18451 

432,25 

— 

310 , b 282, t 197, 
169 

11 

Carbodenahl (Fondenafil) 

944241-52-5 

c«h 32 n s o 3 

452.2536 

453 

— 

283 

12 

Chlorodenafil 

1058653-74-9 

c 19 h 3 ,cin 4 o 3 

388,8485 

390 

— 

360,311,291,254, 
183, 1 36 

13 

Ohloropretadalafil 

1 71489-59-T 

C M H T ęClN 2 0 5 

426.0982 

427 

— 

, 429, 395, 349, 334, 
302, 287, 262, 
229, 159, 135 

14 

Cinnamyldenafll 

•1446089-83-3 

• m 1Allo- 2 01fi( 

C a2 H M N 6 O a 

554,3005 

554 

— 

488, 354, 297, 283, 
215, 166, 117, 91 

15 

Cydopentynafll 

11 73706-34-7 

Cj*H jftN s 0 4 S 

528,2519 

529 

_. 

461, 153 

16 

Depj peraz ino thiosildenafi 1 

•1353018-10-6 

• ma i-Aua- 2 oia) 

Ct?tt 20 N 4 QjS 2 

408.0926 

409 

— 

381, 351, 327, 299, 
285,272 

— 

407.0845 

378, 314 

17 

Descarbonsildenafil 

1 393816-99-3 

C;,H 30 N 6 O„S 

462,2049 

463 

— 

418,377, 360, 311, 
299, 283, 255, 
151, 87 

18 

N-D esethy lva rdenafi 1 

448184^6-1 

C 2 ,H ffl N 6 0 4 S 

460,18927 

461.20 

— 

392, 377, 376, 329, 
313, 312, 299, 
284, 283, 1 51 

19 

Desme th y Ica r bod enafif 

•147676-79-7 

• (RB t-AunJOIM 

c»h 31 n 6 0 3 

*438.523 

• {AB 1- 

Aun-mm 

439.2451 

— 

339,311 

20 

N-DesrnethyJsIldenafil 

1 39755-82-1 

C 31 H 3a N G 0 4 S 

460.18927 

461.19 

— 

377, 313, 311, 299, 
283 

21 

0 i me thy 1 acet ifdenaf i 1 

•1417999-76-8 

• (RS l^iucL-ZOJÓl 

c 35 h m o 5 n s 

466,2771 

467 


279, 149, 177 

22 

D i oxo-a c etl Id ęnaf i 1 

•1609405-33-5 

• (RBI-tar-JOlSł 


494.2278 

495 

— 

No data 

23 

Di thio-d esm ethy 1 earbode- 
nafil 

1333233-46-7 

c J5 h 30 n g os 

470,6572 

471.1991 

— 

371, 343 

24 

Gendenafil 

147676-66-2 

c )£ ,h 22 n 4 o 3 

354.16919 

355,31 

— 

327, 298, 285, 283, 
256, 242 

25 

Gisadenalil 

334826-98-1 

C J3 H J3 N ? O s S 

519,22639 

520 

-— 

No data 

26 

Homosildenafil 

642928-07-2 

c 33 h 32 n 6 o 4 s 

488,22057 

489,23 

— 

467,461, 377, 313, 
311,283, 127, 
111, 113, 99, 97 

27 

HydroxyacetNdertafi! 

(H y d roxy h ong d e n a fi 1) 

147676-56-0 

C 2S H 34 N fi 0 4 

482.26415 

483.27 

— 

465, 447, 439, 396, 
353, 339, 325, 

31 1,297 

28 

H y d roxycb 1 orod e naf i 1 

1 391054-00-4 

C,»H 23 CIN j03 

390.1459 

391 

— 

No data 

29 

Hydraty h o m o si Ide na f i 1 

139755-85-4 

c 23 h J2 n 6 o 5 s 


505,22 

— 

487, 461, 423, 377, 
312, 311, 283, 
284, 225, 166, 

129, 112, 99. 9/ 

504.21549 

— 

503.31 

475, 310, 282 

30 

2-Hydro x y pro pyl no rta da 1 a fi I 

1353020-85-5 

CmHjjNjO, 

433,16377 

434.15 

— 

312, 284, 797, 769 

31 

Hydroxytliiohomositdenafi! 
(Hyd raxy ho mos i 1 denaf i 1 
thione. 

Sof fo hyd roxy homosil dena- 

m 

479073-82-0 

C 23 H 12 N 6 0 4 5 2 

520.19264 

521.20 

— 

503, 477, 461, 419, 
393, 355, 3S4, 

327, 325, 291 


J Compiled from peer-reviewed literaturę, and Communications with USP coflaborators. 5ee corresponding Chemical stfuctUfBS in Figurę 2 '* 
b Bo Id, fragment subjected to MS 3 fragmentation. 
c ttaiics , MS 3 fragment! deriyed from the parent fragment (hołd). 
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Table 4. Mass Spectral Pata for Select PPES Inhibitor^ (Continued) 


# 

hiame 

CAS Number 

Chemical 

Formula 

Exact Mass 

[M+Hl- 

[M-H]- 

Fragments 

32 

Hydro xy thi ova rde naf i 1 

912576-30-8 

c„h 3 ,n 6 0,s 2 

520,1926 

521 

— 

• No data 

• maiAun-MISi 

33 

Hydroxyvardenafil 

224785-98-2 

C I3 H 5 ,N 6 O s S 

504.2155 

•505.26 

• m r- 

Aua-2D1» 

— 

•344, 312, 253, 
169, 99 

® m TAuuZCMÓ) 


•503 

• <n& i, 

AunZOló) 

475, 310, 282 

34 

Im idazosag a thazinon e 
(Desul f o varderaaf il) 

1 39756-21 -t 

c, 7 h 2Q n 4 o 2 

312.1586 

313 


* • {RB l-Aug-ZOl*} 1 

284 r 256, 169, 151 

35 

Isopiperazinonafil 

*1335201-06-3 

• (R0 t-Aun-2t)l61 


482.2642 

483 

— 

— 

— 

481 

453, 422, 379, 336, 
325,311,309 

36 

Lodenafil carbonate 

398507-55-6 

^4^62^12^11 S 2 

1034.4102 

1035 

— 

518, 487, 377,311 

17 

Mirodenafil 

8621 89-95-5 

C 16 H 57 N s O s S 

531.6698 

532 

— 

488, 404, 362, 296, 
268 

38 

Mutaprodenafi! 

1387577-30-1 

C 27 H 35 N,O s 5 a 

629.7635 

630.2279 

.— 

489, 377, 142, 113 

39 

Nitrodenafil 

147676-99-1 

Ci 7 H 19 N 5 0 4 

3573647 

358 

— 

307,289, 261,21 7, | 
176, 154, 136, 
107, 89 

40 

Mitroso-prodenafil 

1 266755-08-1 

C 27 H 3S N ę O s 5 2 

629,2203 

630 

—. 

142 

41 

Noracetitdenafil 
(Demet hy lho ngdenaf i 1) 

949091-38-7 

QhH 12 N ł 0 3 

452.25359 

453.26 

— 

425, 406, 396, 380, 
367, 355, 353, 
339, 325, 324, 

31 3, 297, 296, 253 

42 

Ngmeosildenafil 
(Pipeńdino sildenafil) 

371959-09-0 

C 2J H 2 ,N s 0 4 S 

459.19403 

460.20 

— 

432, 377, 329, 311, 
299, 283 

43 

Norneovardenafii 

358390-39-3 


356.1485 

357 

— 

329, 307, 289, 176, 

154, 136, 107, 99 

44 

Nortadalafil (Demethyitada- 
lafif) 

171596-36-4 

CjlH, ;N } Oj 

375.1219 

376 

374.1138 

262, 234, 233, 232 

45 

N-Qc tylno rtadafafil 
(Octyl nortadalafil) 

1173706-35-8 

c„h 33 n ; 0 4 

487.2471 

483 

— 

366, 227 

46 

Oxohongdenafil 

• H46144-70-2 

• (B8 l-Auo-2016) 


480.2485 

481 

— 

451, 396, 354, 339, 
312, 297, 289 

47 

Piperazinonafil (Piperazoni- 1 
fil, 

Di h y draacet il denaf i 1) 

1335201-04-1 

C 3S H 34^6°4 

482.2642 

483 

— 


— 

481 

453,435, 348, 336, 
321, 311, 309, 
282, 267 

48 

Pi per id f no acetifdenafil 
(Piperiacetildenafif) 

147676-S0-4 

c„h 31 n 5 o 3 

437.2427 

438 

— 

410, 408, 355, 353, 
341, 325, 297, 288 

49 

Pip e ri di n o va rdenaf i 1 
(Pipendenafil, 

Pseudo vardenafil) 

224788-34-5 

C 2J H„N s 0 4 S 

459.19403 

460.20 

— 

432, 403, 391, 377, 
349, 329, 312, 
311, 301,299, 
284, 283, 270, 
256, 169, 151 

50 

Propoayphenyl aildenafii 

*1391053-82-9 

• (Hi 1 Auo-JOlffl 

C ł4 H M N £ 0 4 5 

502.2362 

503 

— 

252 

51 

Propojtyphenyl 
hy d roxy homosrl dena f if 
(M e thy Ihyd roxyho m os 11 d e- 
nafil) 

139755-87-6 

C ; 4H 3 4N fi O ę S 

518.2311 

519 

— 

501,475, 391, 331, 
325, 299, 283, 
129, 112, 99 

52 

Propoxyphenyt sildenafil 

877777-10-1 

C 3ł H 1? N 6 0 4 S 

488.2205 

489,2272 

— 

447, 391, 325, 299, 
283, 100 


a Compiled from peer-reviewed literaturę, and Communications with USP coliabora tors. See corresponding Chemical structures In Figurę 2 , 
b Bold, fragment subjected to MS 3 fragmentation, 

Ł ttalics, M5 3 fragments derived from the parent fragment (bold). 


General Chapters 











































Generał Chapters 


2294 (2251) Screening for Undeclared Drugs and Drug Analogues / Dietary Supplements 


USP40 


Tahle 4. Mass Spectral Data for Select PDE5 Inhibitor^ (Continueć) 


# 

Name 

CA5 Nom ber 

Chemical 

Formula 

Exact Mass 

[MłHj 

[M-H]- 

Fragments 

53 

Propoxyphenyl thioaiidenafil 
(Propoxyphenyl 

Lh i o m e th i sosil den a fi f) 

856190-49-3 


518.2133 

519 

— ' 

260 

54 

Propoxyphenyl 
th iohyd roxy homosi 1 denaf i 1 

479073-90-0 


534.2083 

535.2150 

— 

517, 359, 341, 315, 
299, 271,129, 
112, 99 

i 55 

Sildenafil 

1 39755-83-2 


474.20492 

475.21 


44 7, 418, 391, 377 r 
374, 346, 329, 
311,297, 283, 
255, 163, 160, 100 

—* 

473.45 

445, 310, 282 

56 

Tadalafil (Tri denaf ii) 

1 71596-29-5 

C il H 1ff N 3 0 4 

389.13756 

390 

— 

302, 268, 262, 250, 
240, 197, 169, 1 35, 

— 

388.1288 

262, 234, 233, 232 

57 

(-) fro/is Tadalaftl 
(ent-Ta da lafil) 

629652-72-8 

C 22 W 19^Ai 

389.1 376 

390 

— 

779 [2M+H] ł , 262, 
250, 1 35 

58 

Thioatldenafi! (Suffoaildena- 

fifc 

Thbmeth isosi Ide naf i 1, 
Sulfodimethyl sildenafil, 

Di me thy 1 thi os i Id ena f i 1) 

B56190-47-1 


504.19773 

505.21 


448, 393, 327, 299, 
113, 99 

59 

Thiohomosildenafil 
(S u If olio mos il dena fi 1, 
Homosildenafif thione) 

479073-80-8 

c 23 h 32 n 6 o 3 s 2 

504.19773 

503.21 

— 

477, 421, 393, 357, 
355, 343, 327, 
315, 299,271, 

11 3, 99 

60 

Thioquinapiperif]l 

(KF31327) 

220060-39-9 

C 24 H ?8 N 6 OS 

448.2045 

449 

— 

363, 246, 225, 204, 
121 

61 

Thiosildenafil (Sulfosildena* 
fil, 

Sildenafil thione) 

479073-79-5 


490.18208 

491.19 

— 

407, 393, 343, 341, 
327, 315, 313, 
299, 283, 271, 
163, 99 

62 

Udenafil 

268203-93-6 

e 2J H 3a N 4 o 4 s 

516.2519 

517.260 

— 

474, 418, 347, 325, 
299, 283 

63 

Vardenaftl 

224785-90^ 

c 3J h J3 n a o 4 s 

488.22057 

489.2274 

— 

461,420, 377, 376, 
375, 346, 339, 
329, 312, 299, 
284, 283, 169, 
151, 123, 99 

— 

487.33 

459, 310, 282 

64 

Xanthoanthrafil 

(Benzamidenafif) 

1020251-53-9 


389.15869 

390.31 

— 

344, 252, 223, 151, 
107, 91 


a Compifed from peer-reviewed literaturę, and Communications with US 3 collaboraiorc. See corresponding Chemical simctures in Figurę 2. 
b Bo Id, fragment subjected to MS 3 fragmentalion. 
c ttoBa, MS 3 fragments derived from the patent fragment (bold). 


Tobie 5. UV Absorbance Maxima and Retentłon Time Data for Select PDE5 Inhtbitors 1 


# 

Name 

CA5 Number 

Chemical 

Formula 

UV Ab 
sorbance 
Ma x im a 
(nm) 

UV Ab¬ 
sorbance 
Spectrum 
Type 

(Figurę 1) 

Re tent i on 
Time 
(min) b 

Relatlve 
Keten t i on 
Time 
with Re 
spectto 
Sildenafil 

1 

Ac eta m in ot a d a laf i 1 

1446144-71-3 

CjiH 20 N 4 O 5 

202, 222, 
282 

b 

14.3 

1.1 

2 

Acetil acid 

•147676-78-6 

_• mi-farn-jom_] 

_ c ja H 2o N -i°'i_ 

230, 260, 
285 

— 

— 

— 


13 Compiled from peer-rewewed literaturę, and contributed by the USP cal labo rato rs. See corresponding Chemical structures In Figurę 2 , 

^ Retention ttmes derived from the eapenments conducted as described in HPLC with Photodiode Arroy Detecthn and Sn HPLC with Mass-Spectrometric Detectiori 
methods. 

c (s) denotes a shoulder. 
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Table 5. UV Ał)$orbance Maxima and Retention Time Data for Select PDE5 Inhibitora * (Continued) 


# 

Karne 

CAS Number 

Chemical 

Formula 

UV Ab- 
sorbance 
Maxima 
(ntn) 

UV Ab- 
sorbance 
Spectrum 
Type 

( Figurę 1) 

Retention 

Time 

(min) b 

Relative 
Retention 
Time 
with Re* 
spect to 

5 ilden afl 1 

3 

Acetildenafi! (Horigdenafil) 

83121 7-01-7 

C 2S H M N fi O a 

234, 282 

e 

12.5 

1.0 

4 

Acetylvardenafil 

1261351-28-3 

c 2S h 34 n 6 o 3 

218, 246, 
268(s) c 

d 

11 A 

0.9 

5 

Ai [de n afl 1 ( Di m ethy fsi Iden a f i 1, 
Methisosildenafil) 

496835-35-9 

c u h 3! n 6 o,s 

226, 294 

a 

133 

1.0 

6 

ArmnotadalafN 

385769-84-6 

C 2 iH 1e N 4 0 4 

200, 220, 
284, 290{s) 

b 

14.2 

13 

7 

(5,fi)-Aminotadafafil 

[(+ytrans~ 

AminotadaJafil] 

•1093940-70-5 

* (Ra 1-Aua-aiiil 

C„H IB N.,0,, 

225, 283 

— 

— 

— 

8 

Avanafil 

330784-47-9 

C„H Jń N 7 0,CI 

198, 244 

f 

13.0 

1*0 

9 

Benzylsildenafil 

•1446089-82-2 

• (na g-Autt-loiń) 

C JB H 3 . ( N ti O,S 

291 

— 

— 

— 

10 

N-Butylnonadatefil 

171596-31-9 

C„H„NjO, 

222, 284 

— 

—■ 

-— 

11 

Carbodenafil (Fondenafil) 

944241-52-5 


295 

— 

— 

— 

12 

Chlorodenafil 

1058653-74-9 

c 19 h 2 ,cin 4 o 3 

211, 235, 
279 

— 

— 

— 

13 

ChtaropretadalafH 

1 71489-59-1 

C 22 H 19 C,N 2 0 S 

204, 222, 
284 

b 

17.4 

1.3 

14 

Cinnamyldenafil 

•1446089-83-3 

• (RB). Ann- 20141 

C«H m N 6 0 3 

239 

— 

— 

— 

15 

Cyclopeniynafil 

1173706 34-7 

^'2fiH 16 Ng0 4 S 

218, 290 

— 

— 

— 

16 

Depiperazi n othiosil dena fil 

•l 353018-10-6 

t fRB I.Au^ZOlfił 


295, 354 

— 

— 

— 

17 

Desc arb om i Id enaf i i 

1393816-99-3 

C 3t H 10 N s O,S 

225, 295 

— 

— 

— 

18 

N- De set hy I va rdenaf i 1 

448184-46-1 

C a H 2a N 6 0 4 S 

226, 246{s) 

d 

11.9 

0.9 

19 i 

Desm ethy 1 ca rbodenaf i 1 

•147676-79-7 

• (Rfl i 'Aud-201 til 

C 23 Hj,N 6 0 3 

226,296 

a 

11,9 

0.9 

20 

N-Desm ethy 1 si Ide nafrl 

1 39755-82-1 

C^H^OUS 

224, 294 

a 

12.9 

HO 

21 

D imet hy (a cetild enaf ił 

•1417999-76-8 

• (RBHuo-2016) 

C H H m OjN, 

233, 276 

— 

— 

— 

22 

Dioxo-aceti Id en a fil 

•1609405-33-5 

• (RBt.A U [,.2016> 

^ZiH J0 N ó O s 

No data 

— 

— 

— 

23 

Di thi o-d e s me thy lea rbo d enaf i I 

1333233-46-7 

C„H jn N,OS, 

258, 285, 
356 

— 

— 

— 

24 

Cendenafil 

147676*66-2 

c 19 h 22 n 4 o 3 

232, 274 

f 

16.8 

1.3 

25 

Gisadenafil 

334826-98-1 

C 2J H 3J N 7 O s S 

No data 

-— 

— 

— 

26 

Homosłldenafil 

642928-07-2 

CjiH^N.O.S 

226, 2 92 

a 

133 

1.0 

27 

Hy draxyac e ti 1 den a fi 1 
{Hy droxy hongde n a f il) 

147676-56-0 

C 25 HjjN ń 0 4 

234, 280 

e 

12.2 

0.9 

28 

Hydroxych lo rodenaf il 

1391054-00-4 

eigHajCINA 

212, 303 

— 

— 

— 

29 

Hyd roxy homos i 1 denaf i f 

139755-85-4 

C 2 } H m N 4 O s S 

226, 296 

a 

12.9 

1,0 

30 

2 - Hyd roxy p ropy \ n orta d a !af i 1 

1353020-85-5 

C 2J H 2) N,O s 

222, 284 


-- 

— 

31 

Hyd roxythiohomosN dena fil 
(Hydroxyhomostldenafil thione, 
Suifo hyd roxy homos ilden af i 1) 

479073-82-0 

_ C Z3 H 12^JsQA__ 

228, 296, 
352 

c 

15.0 

13 


a Compiled from peer-revEewed literatura, and coniributed by the USP eollaborators. See eerresponding chemlcaf slructures in Figurę 2. 

b Hetention times derived from the experrments conducted as destribed in HPLC with Photadiode Arroy Deteaion and in HPLC with MaH-Spectrometrfc Detection 

methods. 

c (s) de notes a shoutder. 
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Table 5. UV Afasorbance Maxima and Re tent lott Time Data for Seiect PDE5 Inhibitor** (Continued) 


# 

Name 

OAS Number 

Chemical 

formula 

UV Ab 
sorbanee 
Maxima 
(run) 

UV Ab- 
sorbance 
Spectrum 
Type 

(Ffgure 1) 

Retention 

Time 

(min) b 

Rebtive 
Retention 
Time 
with Re- 
spcctto 
Sitdenafil 

32 

Hydroxyth iovard enaf i 1 

912576-30-8 


203, 235, 
316 

— 

— 

— 

33 

Hydroxyvardenafil 

224785-98-2 

C 33 H J2 N fi 0 5 S 

216 

— 

— 

.— 

34 

1 m id azosag atriazlno ne 
(Desulfovardenafil) 

139756-21-1 


212, 253 

— 

— 

— 

35 

tsopiperazmonafif 

•1335201-06-3 

• iBBi-Aua.joifi) 

c 25 H„N 6 o 4 

221,290 

— 

— 

— 

36 

Lodenafil car bo na te 

398507-55-6 

O^H^N^On S 2 

226, 296 

a 

15.4 

1.2 

37 

Mirodenafil 

862189-95-5 

C«H„N s O s S 

216, 248 

f 

14.5 

1,1 

38 

Mutaprodenafil 

1387577-30-1 

C 27 H 3S N, 0i S 2 

218, 240, 
283, 297, 
335 

— 

— 

— 

39 

NfErodenafil 

147Ó7Ó-99-1 

c 17 h„n s o 4 

212, 298 

-— 

— 

_ 

40 

Nitroso-prodenafil 

1266755-08-1 

C J7 H m N,O s S 2 

241, 301 

— 

_- 

__ 

41 

Noracetildenafil 
(De m ethy 1 h on gden af i 1) 

949091-38-7 


234, 280 

e 

123 

0.9 

42 

Norneosflcfenafil 
(Piperidino sildenafii) 

371959-09-0 

C 22 H„N s 0 4 S 

226, 300 

a 

18.7 

1.4 

43 

IMorneovardenafiI 

358390-39-3 

Ci B H ao IM 4 0 4 

215, 241 

—- 


—1 

44 

Nortadalafil 

(Demethyltadalafil) 

1 71596-36-4 

c„h !7 n,o 4 

No data 

— 

— 

— 

45 

W‘Oc ty Inortadala fi 1 
(Octyl nortadalafil) 

11 73706-35-8 

C 2 gN 3i N 3 0 4 

281 


— 

— 

46 

Oxohongdenafil 

•1446144-70-2 

* (HB l-Aua-iOIń) 

c 23 h 32 n 6 0 4 

481 

— 

— 

— 

47 

Pipę razi non a fil 
(Piper&zonifil, 

Di h ydroacetil d enaf i 1) 

1335201-04-1 

CbH^NsO, 

221, 290 

— 

— 

— 

48 

Piperidino acetildenafil 
(Piperiacetildenafil) 

147676-50-4 

CmHj^NjO, 

234, 284 

e 

13.1 

1.0 

49 

Pipendinovardmafil 

(Piperidenafil, 

Pseudovardenafrf) 

224788-34-5 


224, 246(s) 

d 

163 

13 

50 

Propoxyphenyl aildenafll 

•1391053-82-9 

* (RB l-Aua-3016] 

C 24 H 34 N fi OjS 

215, 225, 
295 

— 

— 

— 

51 

Propoxyphenyl 
hy d roxy homosi Iden a f il 
(Methy Ihyd roxy homosi Id en af ii) 

1 39755-87-6 


226, 294 | 

a 

13.4 

1.0 

52 

Propoxyphenyl siEdenafil 

877777-10-1 


226, 292 

a 

13.6 

1.0 

53 

Propoxyphenyl thioaildenafil 
(Propoxyphenyl 
thlomethEsostidenafil) 

856190-49-3 

c 24 h 3 ,n 6 o,s 7 

227, 295, 
355 

— 

— 

— 

54 

Propoxyphenyl 
th iohyd roxyhomo s ildenaf i 1 

479073-90-0 

&A 4 HA* 

227, 295, 
353 

— 

— 

— 

55 

Sildenafil 

1 39755-83-2 

c„h„n»o 4 5 

224, 294 

a 

13,0 

1,0 

56 

Tadalafil (TildenafU) 

171596-29-5 


200, 222, 
284, 292(0 

b 

15.0 

1.2 

57 

£-}-tmm-Tadalafil 

(ent-Tada(afil) 

629652-72-8 

_WiQ._ 

231, 282, 
289 

— 

— 

— 


a Compiled from peer-reviewed literatura, and ecmtributed by Ehe USP coli abora tors. See corrasporadirag Chemical structures in Figurę 2 . 

h Retention limes derived from Łhe experiments conducted as descrłbed in HPLC with Photodiode Arroy Detection and in HPLC with Mass-Spectrometrfc Detection 

methods. 

c (s) denotes a shoulder. 
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Table 5. UV Absorbance IVIaxirna and Retention Time Data for Sełect PPES Inhibitor* ‘ (Continued) 


# 

Name 

CAS Number 

Chemical 

Formula 

UV Ab 
sorbance 
Maxima 
(nm) 

UV Ab- 
sorbance 
Spectrum 
Type 

(Figurę 1) 

Mention 

Time 

(min) b 

Relative 

Re tent i on 
Time 
with Re- 
spectto i 
Sildenafil 

58 

Thtoaildenafil 

(Sulfoaildenafil, 

Th io me th isosild en a f EJ, 
Sulfodimethyl sildenafil, 

Di m ethy 1 thiosildenaf i 1) 

856190^47-1 

CnH^OjS, 

228, 250(s), 
296, 352, 
366(s) 

c 

15.5 

f<2 

59 

Thiohomosildenafil 
(Su Ifoho mos i Idenafi 1, 
HomosNdenafil thione) 

479073-80-8 

C 23 H 32 

228, 248(S), 
296, 354, 
370(s) 

c 

14.4 

1.1 

60 

Thioquinapiperifi! (KF31 327) 

220060-39-9 

C,,H 58 N s OS 

211, 268, 
363 

— 

— 

— 

61 

ThiosiJdenafil 

(Sulfosildenafil, 

Sildenafil thione) 

479073-79-5 

C^H 50 N 6 O 3 Sj 

228, 250(5), 
296, 356, 
368(5) 

c 

15.2 

1.2 

62 

Udenafrl 

268203-93-6 

c 35 h 3S n 6 o,s 

228, 298 

f 

13 >6 

1.0 

63 

Vardenafil 

224785-90-4 

C 23 H 12 N 6°4Ś 

226, 25 2(5) 

d 

12J 

0.9 

64 

Xanthoanth rafii 
(Benkami denaf i 1) 

1020251-53-9 

__ 

202, 228, 
278* 390 

F 

15.3 

1.2 


* Compiled from peer-reviewed literaturę, and conlributed by tfre USP colbborators. See corresponding Chemical siructures sn Figurę 2 

b Retention limes deriyed From the ejcpenments condutted as described rn HPLC with Photodfade Arroy Detection and En HPLC with Masi-Spectrometrk Delection 

methods, 

c (s) denotes a shoulder. 
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a, SJIderatfll and Analogu es 


bTadafsfil and Analogues 




c.Thlone Analogues ot SllcfongNI 


d, Vardonahl and Analogues 




e. AcetLIdenafll Analogues of Sildenani 


t. Mlscellaneous POE5 InhibUors 




Figurę 1* UV absorbance spectra of select PDE5 inhibitors. 11 


11 Data contrrbuted by USP collaborators* 
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(2750) MANUFACTURING PRACTICES FOR DIETARY SUPPLEMENTS 


GENERAL PR0VIS10NS 

The principles included In Ehis chapter contain recommended minimum current good manufacturing practices for the meth- 
ods to be used in, and the facilities and Controls to be used for, the manufacture, holding, packaging, iabeling, and distribu- 
tion of dietary ingredients and dietary supplements. These principles are set forth to ensure thaf such products meet the re¬ 
pu irements of safety, have the id en ti ty and strength, and meet the quality and purity characteristics that they are represented 
to possess. 

Exduded from this chapter are establishment* engaged solely in the han/esting, storage, or distribution of one or morę "raw 
agriculturaf commodities" as defined in Section 201 (r) of the Federal Food, Drug, and Cosmetic Act [21 ll.S.C 321 (r)], which 
are ordinarily cleaned, prepared, treafed, or otherwjse processed before being marketed to the consuming public. 

The reguirements pertaining to holding dietary ingredients and dietary supplements do not apply to holding those dietary 
supplements at a retail establishment for the sole purpose of direct retail sale to indlvidual consumers. A retail establishment 
does not include a warehouse or other storage fadlity for a retailer or a warehouse or other storage facifity that sells dlrectfy to 
individual consumers. 

A Glossary of terms used in this chapter is presented at the end, 

©R€ANSZAT3©N AND PERSONNEL 

Responsibilities of a Quality Control Unit 

A qualfty control unit shall be establfshed that has the responsibility and authority to approve or reject alf raw materials, 
product containers, dosures, in-process materials, packaging materia!, fabeling, and finished dietary supplements, and the au- 


12 Data comprled from pubEished sources. 
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thority to review production records to ensure that no errors have occurred or, if errors have occurred, that they have been 
futly investigated. The guairty control unit should be responsible for approving or rejettmg products manufactured, processed, 
packed, or hefd under contract by another company. 

Adeguate laboratory fadlities for the testing and approval (or rejection) of raw materials, product contalners, closures, pack- 
aging materials, in-process materiaIs, dietary ingredients, and dietary supplements shoufd be availabie to the quality control 
unit. 

The ąuality contro! unit should have the responsibility for approving or rejecting atl procedures or specifieatlons that impact 
on the identity, strength, guatity, and purity of the dietary supplement. Afl responsibilittes and procedures applicable to the 
guaJity controJ unit shalf be in writing. 

The designated person with i n the Quality Control Unit who conducts a materiał review and makes the disposition decision 
must, at the time of performance, document the materiał "eview and disposition decision madę. 

Personnel Qualifications 

Each person engaged in the manufacture of dietary ingredients and dietary supplements should have the proper education, 
training, and experience (or any combination thereof) needed to perform the assigned functions. Training should be in the 
particuiar operation(s) that the employee performs as they relate to the empJoyee's functions. 

Approprrate documentation of training shall be retained by the company. 

Each person responsible for supemsing the manufacture of a dietary ingredient, a dietary supplement, or both should have 
the proper education, training, and experience (or any combination thereof) to perform assigned functions in such a manner 
as to provide assurance that the product has the safety, identity, strength, guality, and purity that rt is represented to possess. 

An adeguate number of qualified personnel to perform and supervise the manufacture of each dietary ingredient, dietary 
supplement, or both products should be provided. 

Personnel Responsibilities 

The company management shalJ take ali reasonable measures and precautions to ensure the following: 

• Disease control: Any person who, by medical examination or supervisory observatton, is shown to have, or appears to 
have: an iJIness; open lesion, Including boils, sores, or infected wounds; or any other abnormal source of mitrobial eon- 
tamination by which there is a reasonable possibility of an in-process orfinished dietary ingredient or dietary supplement 
becoming adulterated; or processing equipment, utensils, or packaging materials becoming contaminated shall be exclu- 
ded frorn any operations that may be expected to result In such adulteration or contamination until the condition is cor- 
rected. Personnel shall be instructed to report such health conditions to their supen/isors. 

0 Cleanlmess: Ali persons working in direct contact with raw materials, in-process orfinished dietary ingredients and diet¬ 
ary supplements, processing equśpment, utensils, or packaging materials shall conform to hygienic practices while on du- 
ty to the extent necessary to protect against adulteration or contamination of such materials. The methods for maintain¬ 
ing deanliness include, but are not fimited to, the following: 

* Wearing outer garments suitabfe to the operation in a manner that protects against the adulteration of raw materials 
or of in-process orfinished dietary ingredients and dietary supplements, or contamination of processing equipment, 
utensils, or packaging materials; 

* Maintaining adeguate personal deanliness; 

Removing cosmetics from parts of the body that may contact raw materials, in-process orfinished dietary ingredients 
and dietary supplements, equipment, utensils, or contalners; 

* Washing hands thoroughly (and sanitizing if necessary to protect against contamination with undesirable microor- 
ganisms) in an adeguate hand-washing facility before starting work, after each absence from the work station, and at 
any other time when the hands may have become sofled or contaminated; 

* Removing all unsecured jewelry and other objects that might fali into raw materials, in-process orfinished dietary 
ingredients and dietary supplements, eguipment, or contalners, and removing hand jewelry that cannot be ade- 
guately sanitized during periods in which rn-process or fimshed product is manipulated by hand. If such hand jewelry 
and cosmetics cannot be removed, they may be covered by materiał that can be maintained in an intact, clean, and 
sanitary condition and that effectively protects against the adulteration of dietary ingredients and dietary supple¬ 
ments or contamination of processing equipment, utensils, or packaging materials; 

* Maintaining gloves, jf they are used in raw materials or in in-process orfinished product handling, in an intact, clean, 
and sanitary condition. The gloves should be of a materiał that adequately protects the product from contamination; 

* Wearing, where appropriate, tn an effective manner, halr nets, caps, beard covers, or other effective hair restraints; 

* Storing clothing or other persona! befongings in areas other than where in-process or finished product is exposed or 
where processing eguipment or utensils are washed; 

* Confining the following actlons to areas other than where in-process or finished product may be stored or exposed, 
or where processing equipment or utensils are washed: eating food, chewing gum, drinking beverages, or using to¬ 
bą cco; and 
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■ Taking any other necessary precautions to protect against adulteration of raw materials or of in-process or finished 
product; or contamination of processing equipment, utensils, or packaging materials with microorganisms or foreign 
substances, including but not limited to, perspiration, hair, cosmetics, tobacco, Chemicals, and medtcines applied to 
the skin. 


GROUNDS, BUILDINGS, AND FACSLIT1ES 
Grounds 

The grounds around a dietary ingredient manufaeturing plant and a dietary supplement manufaeturing plant under the con- 
troi of the operator shall be kept in a condition that will protect against the adulteration of dietary ingredients and dietary 
supplements. The methods for adequate maintenance of grounds include, but are not limited to, the following: 

* Properly storing equipment, removing Htter and waste, and cutting weeds or grass within the immedtate vidnity of the 
plant building or structures that may constitute an atrractant, breeding place, or harborage for pests; 

■ Maintaming roads, yards, and parking lots so that they do not constitute a source of adulteration in areas where product 
is exposed; 

* Adeguately draining areas that may contr!butę to product adulteration by seepage, foot-borne filth, or provtding a breed- 
ing place for pests; and 

* Operating Systems for waste treatment and dlsposal in an adequate manner so that they do not constitute a source of 
adulteration in areas where product is exposed. If the plant grounds are bordered by grounds not under the operatods 
control and not maintained in the manner desenbed above, care shall be exercised In the plant by inspection, extermina- 
tion, or other means to exclude pests, dirt, and filth that may be a source of product adulteration, 

Building Design 

Any building or buildings used in the manufacture of a dietary ingredient, a dietary supplement, or both should be of suita- 
ble si 2 e and shall be constructed in such a manner that floors, wafls, and ceilings may be adequately cleaned and kept dean 
and in good repair; that drips or condensates from fixtures, ducts, and pipes do not adulterate raw materials or In-process or 
finished dietary ingredients and dietary supplements, or contaminate product containers, utensils, or packaging materials; and 
that aisles or working spaces are provided between equipnent and walls and are adequately unobstructed and of adequate 
width to permit empioyees to perform their duties and to protect against adulterating in-process or finished product, or con- 
taminatlng processing equipment with clothing or persona! contact. Adequate screening or other protection against pests and 
insects should be installed, where necessary. The building should have adequate space for the orderly placement of eguipment 
and materials to prevent mixups between different raw materials, product containers, closures, labeling, in-process materials, 
or finished products, and to prevent contamination, The flow of raw materials, product containers, closures, labeling, in-proc¬ 
ess materials, and products through the building or buildings should be designed to prevent contamination. 

Operations should be performed within specifically defined areas of adeguate size to prevent contamination or mixups or 
adulteration of in-process or finished dietary ingredients and dietary supplements, or contamination of processing equipment, 
utensils, or packaging materials with microorganisms, Chemicals, filth, or other extraneous materials. The potential for mixups 
and product adulteration may be reduced by adequate product safety Controls and operating practices or effective design, in¬ 
cluding the separation of operations in which contamination is likely to occur, by one or morę of the foflowing means: loca- 
tion, time, partitron, airflow, enclosed systems, or other effective means. There should be separate or defined areas as follows: 

o An area for the receipt, identification, storage, and withholding from use of components, product containers, closures, 
and labeling, pending the appropriate sampling, testing, or examinatIon by the quality control unit before release for 
manufaeturing or packaging; 

* An area for the storage of released components, product containers, closures, and labeling; 

* An area for storage of in-process materials; 

* An area for manufaeturing and processing operations; 

* An area for packaging and labeling operations; and 

* An area for control and la bora tory operations. 

Any building used in the manufacture of a dietary ingredient or a dietary supplement shali permit the taking of proper pre- 
cauflons to protect dietary ingredients or dietary supplements in outdoor bulk fermentation vesseis by any effective means, 
Including the following: 

* Using protect]ve coverings, 

* Controlling areas over and around the vesse!s to eliminate harborages for pests, 

* Checking on a regular basisfor pests and pest infestation, and 

■ Skimming the fermentation vessels, as necessary. 
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Lighting 

Adequate lighting shail be provided in all areas and should not expose bulk or finished product to adulteration or contaml- 
nation. Adequate lighting should be provided in hand-washing areas, dressing and loeker rooms, and toilet rooms, and in alf 
areas where product is examined, processed, or stored and where equipment or utensits are cleaned; and such lighting should 
provide safety-type light bulbs, fixtures, skylights, or other glass suspended over exposed product in any step of preparation or 
otherwise protect against product adulteration in case of glass breakage. 

Ventilation, Air Filtration, Air Heating, and Cooling 

Adeguate ventiiation shail be provided, as weli as equipment for adequate control over mtcroorganisms, dust, humidity, and 
temperaturę when used in the manufacture of a dietary ingredient and a dietary supplement to minimize odors and vapors 
(induding steam and noxious fumes) in areas where they may adulterate dietary ingredients and dietary supplements; and to 
locate and opera te fans and other air-blowing equipment in a ma n ner that minimizes the potential for aduiterating raw mate- 
rials, impmcess or finished dietary ingredlents and dietary supplements, or contaminattng processing equipment, utensils, or 
packaging materiaJs, 


Plumbing 

The plumbing in the physicaf plant must be of an adequate stze and design and be adequately installed and maintained to: 

* Carry sufficient amounts of water to the reguired focations throughout the physical plant; 

* Properly convey sewage and !iquid disposable waste from the physical plant; and 

° Avoid being a source of contamination to components, raw materials, dietary ingredlents, dietary supplements, water 
supplies, or any contact surface, or creating an unsanitary condition. 

Potable water at a suitable temperaturę, and under pressure as needed, should be supplied in a plumbing system free of 
defects that could contribute contamination to any dietary ingredients and dietary supplements. Potable water should meet 
the standards prescribed in the Environmental Protection Agency's Primary Drinking Water Regulatlons (40 CFR Part 141) or 
any State or [ocal drinking water requirements that are morę stringent Water not meeting such standards should not be per- 
mitted in the potable water system for Purified Water. !f potable water is to be used as a raw materia!, it should be further 
purifled to satisfy compendia! requirements. 

Drains should be of adequate size and, where connected directly to a sewer, should have an air break or other mechanical 
device to prevent back-siphonage. 

Sewage and Refuse 

Sewage, trash, and other refuse in and from the bullding and immediate premises shail be disposed of in a safe and sanitary 
mannen 

Washing and Toilet Facilities 

Adeguate washing facilities shafl be provided, induding hot and cold water, soap or detergent, air driers or sing!e-service 
towels, and clean toilet facilities easlly accessible Lo working areas, 

General Maintenance and Sanitation 

Any buifding used in the manufacture of a dietary ingredient, a dietary suppfement, or both should be mafntained in a clean 
and sanitary condition and shail be kept In repair sufficient to prevent raw materials and tn-process or finished dietary ingredi¬ 
ents and dietary supplements from becoming adulterated* It shatl be free of infestation by rodents, birds, insects, and other 
vermin. Trash and organie waste matter shaN be held and disposed of in a timely and sanitary manner. 

Cleaning compounds and sanihzing agents used in cleaning and sanitizing procedures shail be free from undesirable micro- 
organisms and shail be safe and adequate under the conditions of use. Compllance with this requirement may be verified by 
any effective means, induding purchase of these substances under a supplier's guarantee or certification, or examination of 
these substances for contamination. Onfy the foltowing toxic materials may be used or stored in a plant where product is pro- 
cessed or exposed: 

* Those required to maintain dean and sanitary conditions, 

9 Those neeessary for use in la bora tory testing procedures, 

* Those neeessary for plant and equipment maintenance and operation, and 

9 Those neeessary for use in the plantis operations. 

Written procedures assigning responsibility for sanitation and desenbing in sufficient detail the cleaning schedufes, methods, 
eguipment, and materials to be used in cleaning the building and facilities shail be reguired. 
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Toxic cleaning compounds, sanitizing agents, and pesticide Chemicals shall be identified, used, held, and stored in a manner 
that protects against adulteration of raw materials or of in-process orfinished product, or contamination of processing eguip- 
ment or packaging materials. Alf refevant regulations promulgated by other federal, State, and locat government agencies for 
the applfcation, use, or holding of these products should be followed. 

No pests shall be aJlowed in any area of a dietary ingredient manufacturing plant and a dietary supplement manufacturing 
plant Effective measures shall be taken to exdude pests from the processing areas and to protect against the adulteration by 
pests of product on the premises. The use of insecticides or rodenticides is permitted onfy under precautions and restrictlons 
that will protect against the adulteration of raw materials, in-process orfinished product, or contamination of processing 
equipment, utensils, or packaging materials. 

Written procedures are also required for use of suitable rodenticides, insecticides, fungicides, fumigating agents, and cleam 
Ing and sanitizing agents. These procedures should be designed to prevent the contamination of equ!pment, raw materials, 
product containers, dosures, packaging, labeling materials, or products. Rodenticides, insecticides, and fungicides should be 
registered and used in accordance with the Federal Insecticide, Fungicide, and Rodentidde Act. 

Sanitatron procedures shall apply to work performed by contractors or temporary employees as well as work performed by 
full-trme employees d u ring the ordfnary course of operations. 

EQUI!PSWIENT AMD UTENSILS 

Eguipment and utensils used in the manufacture of dietary ingredients and dietary supplements shall be of appropriate de¬ 
sign or selectlon, adeguate size, and suitably located to factlitate operations for fts intended use and for its cleaning and main- 
tenance and to ensure that the specifkations of dietary ingredients and dietary supplements are correct and are met. 

Eguipment and utensils Include, but are not limited to, the foflowing: 

* Eguipment used to hofd or corwey; 

* Eguipment used to measure; 

* Eguipment using compressed air or gas; 

■ EquEpment used to cariy out processes in dosed ptpes and vessels; and 

* Equipment used in automatic, mechanical, or efectronic systems. 

Construction 


Ail eguipment and utensiis shall be: 

* Constructed so that surfaces that contact raw materials, in-process materials, orfinished products are not reactive, addf- 
tive, or absorptive so as to alter the safety, identity, strength, quality, or purity of the product beyond the established 
requirements; 

0 Madę of nontoxic materials; 

0 Designed and constructed to withstand the environment in which they are used; the action of raw materials, in-process 
materials, dietary ingredients, or dietary supplements; and, if applicable, cleaning compounds and sanitizing agents; and 

* Maintained to protect raw materials, in-process materials, dietary ingredients, and dietary supplements from being conta- 
minated by any source, 

Equipment and utensils must have seams that are smoothly bonded or maintained to minimize the accumulation of dirt, 
filth, organie materiał, particles of raw materials, in-process materials, dietary ingredients, or dietary supplements, or any other 
extraneous materials or contaminants, to minimize the opportunity for growth of microorganisms. 

Each freezer, refrigerator, and cold storage compartment used to hołd raw materials, in-process materials, dietary ingredi¬ 
ents, or dietary supplements; 

* Must be fitted with an indicating thermometer, ternperature-measuring device, or temperature-recording device that 
shows, indrcates, and records, or allows for recording by hand, the temperaturę accurately withrn the compartment; and 

* Must have an automated device for regulating temperaturę or an automated alarm system to indicate a stgnificant tem¬ 
peraturę change En a manuał operation. 

The design, construction, and use of equipment and utensils shalf predude the adulteration of raw materials, packaging ma¬ 
terials, in-process materials, orfinished product with any substances required for operation, such as; 

* Lubricants, 

0 Fuel, 

* Coolants, 

* Metal or glass fragments, 

* Filth or any other extraneous materiał, 

* Gontami nated water, or 

* Any other contaminants. 

Instruments or Controls used in the manufacturing, packaging, labeling, or holding of a dietary ingredient, a dietary supple¬ 
ment, or both; and Instruments or Controls that are used to measure, reguła te, or record temperatures, hydrogen-ion concen- 
tration (pH), water activity, or other condrtions, and to controt or preventthe growth of microorganisms or other contamina¬ 
tion must be: 
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* Accurate and precrse, 

* Adeguately maintained, and 

* Adequate in numberfor their designated uses. 

For any automated, mechanical, or Electronic equipment that is u$ed to manufacture, package, label, or hołd a dietary in¬ 
gredient, a dietary supplement, or both: 

* The suitability of the eguipment most be determined by ensuring that the equipment is capable of operating satisfactonty 
within the operating Jimits required by the process; 

a The eguipment must be routinely calibrated, Enspected, or checked to ensure proper performance. The quality contro] 
unit must approve these calibrations, inspections, or checks; 

* The appropriate Controls for aótomated, mechanical, and electronic equipment (induding software for a computer-con- 
trolled process) must be estabEished and used to ensure that any changes to the manufacturing, packaging, labeling, 
holding, or other operations are approved by the quality contro! unit and instituted only by authorized personnel; and 

* The appropriate Controls must be estabiished and used to ensure that the eguipment functions En accordance with its in¬ 
tended use. These controis must be approved by the guality controf unit. 

Compressed air or other gases introduced mechanicafly into or onto raw materials, in-process materials, dietary ingredients, 
dietary supplements, or contact surfaces, or that are used to clean any contact surface, must be treated in such a way that the 
raw materiał, in-process materiał, dietary ingredient, dietary suppEement, or contact surface is not contaminated. 

Cleaning and Maintenance 

Eguipment and utensils shall be deaned, maintained, and sanitized at adequate intervals, between the manufacture of differ- 
ent batches of the same product and between the manufacture of dEfferent products, to prevent malfunctions or contamina- 
tion that would alter the safety, identity, strength, quaEity, or purity of the product beyond the estabiished reguirements. 

In wet processing during manufacturing, al] contact surfaces must be deaned and sanitized, as necessary, to protect against 
the introduction of microorganisms into components, dietary ingredients, or dietary supplements. When cleaning and sanltiz- 
ing are necessary, a El contact surfaces must be deaned and sanitized before use and after any interruption during which the 
contact surface may have become contaminated. 

In a continuous production operation or in back-to-back consecutive operations, which invo!ve different batches of the same 
dietary ingredient or dietary supplement, the contact surfaces must be adeguately deaned and sanitized. 

The surfaces that do not co me into direct contact with raw materia Is, in-process materials, dietary ingredients, or dietary 
supplements must be deaned as frequently as necessary to protect against contaminating raw materials, in-process materials, 
dietary ingredients, or dietary supplements. 

Single-service artfcles (such as utensils intended for one-time use, paper cups, and paper towels) must be: 

■ Stored in appropriate containers; and 

* Handled, dispensed, used, and disposed of in a manner that protects against contamination of raw materials, in-process 
materials, dietary Ingredients, dietary supplements, or any contact surface. 

Cleaning compounds and sanitizing agents must be adeguate for their intended use and safe under their conditions of use. 
The portable equipment and utensils that have contact surfaces must be deaned, sanitized, and then stored in a location 
and manner that protects them from contamination. 

Written procedures for cleaning and maintaining equipment, induding utensils, used in the manufacture of a product 
shoufd be estabiished and followed. These procedures should include, but are not necessahly limited to, the following: 

■ Assignment of responsibility for cleaning and maintaining eguipment; 

* Maintenance and cleaning scheduies, Induding, where adequate, sanitizing schedules; 

® A descrlptlon in suffictenl detail of the methods, equlpment, and materials used in cleaning and maintenance operations, 
and the methods of disassembling and reassembling eguipment, as necessary, to ensure proper cleaning and mainte¬ 
nance; 

° Removal or obliteratlon of previous batch Identification; 

° Identification and protectlon of clean equipmentfrom contamination before use; 

* Inspection of equipmentfor cleanliness immediateEy before use; 

* Regular callbratlon and inspection of equipment, or checldng machlnes, to ensure proper performance and function must 
be conducted: 

* Before first use, and 

* At a frequency spedfied in writlng by supporting references. 

* Instruments or Controls that cannot be adjusted to agree with the reference standard must be repatred or replaced. 

A written record of calibration, inspection, maintenance of equipment, and major equipment cleaning and use shall be 

maintained in indtvidual equipment Jogs that show the datę, product, and lot number of each batch processed. The persons 
performing the cleaning shall record in the log that the work was performed. Entries in the log should be in chronological 
order. 

The following is spedfied to keep records reiated to automated or electric equipment; 

* There must be backup file(s) of current software programs (and of outdated software that is necessary to retrieve records 
that are reguired to be retained, in accordance with the section Records and Reports in this chapter, when current software 
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is not able to retrieve such records) and of data entered tnto Computer systems used to manufacture, package, label, or 
hołd dietary supplements. 

* A backup file (e.g., a hard copy of data entered, diskettes, tapes, mrcrofilm, or compact disks) must be an exaet and 
complete record of the data entered. 

* Backup software programs and data must be kept secure from alterations, inadvertent erasures, or loss. 

RAW MATERIALS, PRODUCT CONTAINERS, AND CLOSURES 

Written procedures describing in sufficient detal! the receipt, Identification, storage, handiing, sampling, testing, and appro- 
vai or rejection of raw materials, product containers, and closures should be provided. 

Raw materials, product containers, and closures at all times should be handled and stored in a manner to prevent contami- 
nation. 

Raw agricultural materials that contain soil or other contamlnants shafl be washed or cleaned as necessary. Water used for 
washing, rinsing, or conveying raw agricultural materials shali be safe and of adequate sanitary quality, Notwithstanding the 
generał requirementfor potable water, water may be reused for washing, rinsing, or corweying raw agricultural materials if it 
does not increase the level of contamination of such materials. 

Bagged or boxed raw materials of product containers or closures should be stored off the floor and suitably spaced to permit 
deaning and inspection. 

Łach lot should be appropriately identified as to its status (Le v guarantined, approved, or rejected). 

Receipt and Storage of Untested Raw Materials, Product Containers, and Closures 

Written procedures shafl be established and followed describing the receipt, identification, examination, handiing, and sam- 
piing of raw materials. Upon receipt and before acceptance, each Container or grouping of containers of raw materials, prod¬ 
uct containers, and closures shoufd be examined visually for appropriate labeling as to contents, Container damage, or broken 
seals, and for contamination, They are then stored under quarantine until they have been tested or examined, as appropriate, 
and released. 

Raw materials shafl be hetd in butk, or in containers designed and constructed so as to protect against adulteratron, and shall 
be held at such temperaturę and relath/e humidity and in such a manner as to prevent a dietary ingredient or dietary supple- 
ment from becoming adulterated. Frozen raw materials and other ingredients shall be kept frozen. If thawing is reguired be¬ 
fore use, it shall be done in a manner that prevents the raw materials and other ingredients from becoming adulterated within 
the meaning of the Act. 


Testing and ApprovaI or Rejection 

Each lot of raw materials, product containers, and closures should be sam pled, tested, or examined, as appropriate, and re¬ 
leased for use by the guaiity control unit On the basis of adeguate process verifioatk>n, in-process Controls, and statistical eon- 
fidence, a skip-iot testing plan is an alternative to fully testing every batch provided that at least one identity test is conducted. 
An appropriate amount of each lot of raw materials should be reserved for 1 year beyond the shelf life appearing on the label 
of finished dietary supplements in which the raw materials were used. If adverse event reports are received (see the subsection 
Adverse Event Reports ), the reserved raw materials should be kept for 6 years (serious events) or 3 years (nonserious events) 
from the datę the flrst report is received, 

Representative samples should be collected for testing or examination. Sampling of botanicals should be in compliance with 
the provisions set in Artides of Botanicat Origin (561), The number of containers sam pled, and the amount of materiał taken 
from each Container, should be based upon appropriate eriteria such as statistical critena for raw materiał variabiiity, confi- 
dence levels, and degree of predsion desired, the past quality history of the supplier, and the guantity needed for analysis and 
reserve where reguired. The following procedures should be used to coilect the sampfes: 

* The containers of raw materials selected should be cleaned, where necessary, by adequate means, 

* The containers should be opened, sam pled, and resealed in a manner designed to prevent contamination of their con¬ 
tents and contamination of other raw materials, product containers, or closures. 

* These containers should be identified so that the following information can be determined: name of the materiał sam- 
pled, the lot number, the Container from which the sample was taken, the datę on which the sample was taken, and the 
name of the person who collected the sample. 

Use the following procedurę to examine and test the samples: 

* At least one test shouid be conducted to verify the identity of each raw materiał of a product even in cases where skip-lot 
testing is used, Such tests may indude any appropriate test with established sufficient specificity to determine identity, 
induding Chemical and laboratory tests, gross organoleptic analysis, microscopic identification, or analysis of conslituent 
markers. 

° Each raw materiał should be tested for conformity with all appropriate written spedfications for purity, strength, and qual- 
ity. However, a report of analysis may be accepted from the supplier of a raw materiał, provided that the manufacturer 
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establishes the reliability of the supplier's analyses and provided that at least one identity test is conducted on such raw 
materiał by the manufacturer. 

* Containers and dosures should be tested for conformance with all appropriate written procedures. However, a certificate 
of testing may be accepted from the supplier, proyided thal at least a visual Identification is conducted on such containers 
or dosures by the manufacturer, 

* Each lot of a raw materiał, rework, product Container, or closure that is liable to contamination with filth, insect infesta- 
tion, or other extraneous adulterant should be examined agalnst established specifications for such contamination and 
shaJI comply with any applicable Food and Drug Adminrstration regulations and guidelines. Skip-lot examination should 
not apply in such cases. 

* Each lot of a raw materiał that is liable to microbiological contamination that is objectionable in view of its intended use 
shall be subjected to microbiological tests before use. Raw materials either shall not contain (evels of microorganisms that 
may produce food poisoning or other disease in humans, or shall be otherwise treated during manufacturing operations 
so that they no fonger contain levels that would cause the product to be adulterated within the meaning of the Act, In 
Iteu of such testing by the manufacturer, a guarantee or certification of analysis may be accepted from the supplier of a 
component provided that the manufacturer establishes the reliability of the supplier's analysis, 

* Raw materials and other ingredients susceptible to adulteration with af]atoxin, other natural toxins, pesticides, or heavy 
metals shall comply with current Food and Drug Administration regulations, guidelines, and action levelsfor poisonous or 
deieterious substances and the requirements in (561), or in each manograph, before these materials or ingredients are 
incorporated into a finished dietary ingredient or dietary supptement. Comptiance with this requirement may be accom- 
plished by analyzing these materials and ingredients For aflatoxms and other natural toxins; or, in lieu of such testing by 
the manufacturer, a guarantee or certification of analysis may be accepted from the supplier of a raw matenal provided 
that the manufacturer establishes the reliability of the supplier^ analysis, 

■ Any lot of raw materiał, product Container, or closure that meets the appropriate written specifications of identity, 
strength, quality, and purity and related tests may be approved and released for use, Any lot of such materiał that does 
not meet such specifications should be rejected. 

Use of Approved Raw Materials, Product Containers, and Closures 

Raw materials, product containers, and closures approved for use should be rotated so that the oldest approved stock ts 
used first. Deviation from the requirement is permitted if such deviation is temporary and adeguate. 

Retesting of Approved Raw Materials, Product Containers, and Closures 

Raw materials, product containers, and closures should be retested or reexamined, as appropriate, for identity, strength, 
quality, and purity and approved or rejected by the quality control unit after a specified time in storage or as necessary, e.g., 
after exposure to air, heat, or other conditions that might adversely affect the raw materiał, product Container, or closure or 
after storage of active and inactive ingredients and in-process materials for iong penods of time, 

Rejected Raw Materials, Product Containers, and Closures 

Rejected raw materials, product containers, and closures should be identified and controlled under a quarantine system that 
prevents their use in manufacturing or Processing operations for which they are unsuitable. 

PRODUCTION AND PROCESS CONTROLS 

Written Procedures 

Written procedures should be provided for production and process Controls designed to ensure that the dietary ingredients 
and dietary supplements have the Identity, strength, quality, and purity that they are represented to possess. These procedures 
should be drafted, reviewed, and approved by the appropriate organizational units and reviewed and approved by the guality 
controf unit. These production and process control procedures should be followed in the execution of the various production 
and process control functlons and should be documented at the time of performance. Any deviation from the written proce¬ 
dures should be recorded and justified. 

* All operations in the receiving, inspecting, transporttng, segregating, preparing, manufacturing, packaging, and storing of 
dietary ingredients and dietary supplements shall be conducted in accordance with adequate sanitation principles. 

* Ali reasonable precautions shall be taken to ensure that production procedures do not contribute adulteration from any 
source. Chemical, microbial, or extraneous-nnaterial testing procedures shall be used where necessary to identify sanita¬ 
tion failures or possible product adulteration. 

* All product that bas become contaminated to the extent that it is adulterated within the meaning of the Act shafi be re¬ 
jected, or if permissible, treated or processed to eliminate the contamination. 
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* Ali product manufacturing, including packaging and storage, shall be conducted under such conditlons and Controls as 
are necessary to minimize the potential for the growth of microorganisms, or for the adulteration of raw materials, in- 
process materials, and finished product, 

* Measures taken to destroy microorganisms, reduce the microbial toad, or prevent the growth of undesirable microorgan¬ 
isms, particularly those of public health significance, shall be adeguate under the conditions of manufacture, handiing, 
and distribution to prevent dietary supplements and ingredients from being aduSterated within the meaning of the Act. 
These measures shall also compiy with current regulations affecting dietary supplement products and ingredients, 

■ Work-in-process shall be handled in a manner that protects against adulteration. 

* In-process materiał must be hefd under appropriate conditions of temperaturę, humidity, and light. 

• Effective measures shall be taken to protect finished dietary ingredients and dietary supplements from adulteration by raw 
materials, in-process materials, or refuse, When raw materials, in-process materials, or refuse are unproteeted, they shall 
not be handled simultaneously in a receiving, loadlng, or shipping area if that handiing could result in adulterated dietary 
ingredients and dietary supplements, Dietary ingredients and dietary supplements transported by corweyor shall be pro- 
tected against adulteration as necessary. 

• Effective measures shall be taken as necessary to protect against the inclusion of metal or other extraneous materiał in 
product, Compliance with this requirement may be accomplished by uslng sieves, traps, magnets, eleetronic metal detec- 
tors, or other suita ble effective means. 

* Mechanical manufacturing steps such as cutting, sorting, inspecting, shredding, drying, grinding, blending, and sifting 
shall be performed so as to protect dietary ingredients and dietary supplements against adulteration. Compliance with 
this requirement may be accomplished by providing adequate physicai protection of dietary ingredients and dietary sup¬ 
plements from contact with adulterants, Protection may be provided by adeguate deaning and sanitizing of all processing 
eguipment between each manufacturing step, 

» Heat bfanthmg, when reguired in the preparation of a dietary ingredrent or a dietary supplement, should be effected by 
heating the product to the reguired temperaturę, holding it at this temperaturę for the required time, and then either 
rapidly cooling the materiał or passing it to subseguent manufacturing without delay. Thermophilic growth and contami- 
nation in blanchers should be mlnimized by the use of adeguate operatmg temperatures and by periodic cleantng. Where 
the blanched product is washed before filling, potable water shall be used. 

• Intermediate of dehydrated dietary ingredients and dietary supplements that rely on the control of water (o^) for prevent- 
ing the growth of undesirable microorganisms shall be processed to and maintained at a safe moisture level Compliance 
with this requirement may be accomplished by any effective means, including empioyment of one or morę of the follow- 
ing practices: 

* Monitoring the water activity (a w ) of the materiał; 

* Controlling the soluble solids-water ratio in finished product; and 

■ Protecting finished product from moisture pickup,. by use of a moisture barrier or by other means, so that the water 
activity (o^) of the product does not tncrease to an unsafe levd, 

• Dietary ingredients and dietary supplements that rely principally on the control of pH for preventing the growth of unde¬ 
sirable microorganisms shall be monitored and maintained at an appropriate phi, Compliance with this requirement may 
be accomplished by any effective means, including employment of one or morę of the foliowing practices: 

* Monitoring the pH and water activity, if appropriate, of raw materials, in-process materiał, and finished product; and 

* Controlling the amount of acid added to the product. 

■ When ice is used in contact with dietary ingredients and dietary supplements, it shall be madę from potable water, and 
shall be used only if it has been manufactured in accordance with current good manufacturing practice in manufacturing, 
packing, or holding human food as outlined in 21 CFR Part 110, 
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Charge-ln of Raw Materials 

Written production and contro! procedures should indude the following, which are designed ta ensure that the dietary sup¬ 
plements have the identity, strength, quality, and purity that they are represented to possess: 

* The batch should be formulated with the intent to pro^ide NLT 100% of the labeled or established amount of dietary 
ingredient. 

* Raw materials for product manufacturing should be weighed, measured, or subdivided as appropriate and the appropri¬ 
ate signatures recorded in the batch record. 

* Actual yields and percentages of theoretical yield should be determined at appropriate phases of processing. 

Materia! scheduled for rework shall be identified as such. 


Equipment Identification 

All compounding and storage containers, processing lines, and major equipment used during the production of a batch of a 
product should be properly identified to Indicate their contents and, when necessary, the phase of processing of the batch. 


Genera 
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Sampling and Testing of In-Process Materials, Dietary Ingredients, and Dietary Supplements 

To ensure batch uniform ity and integrity of dietary supplements, written proeedures should be established and followed that 
describe the in-process Controls and tests or examinations to be conducted on appropriate samples of in-process materials. On 
the basis of process verification, in-process Controls, and statistical conffdence, a skip-lot testing plan is an alternative to testing 
every batch of flnished products provided that at least one representative measure is performed. Control proeedures should be 
established to monitor the output of those manufacturing processes that may be responsible for causing variabilrty in the char* 
acteristics of in-process materiał and the finished product. Such control proeedures may indude, but are not limifed to, the 
following, where appropriate: 

* Friability 

* Weight variation 

* Disintegration time 

* Dissolution time 

* Clarity, completeness, or pH of Solutions 

* Blend uniformity 

In-process specifications for such characteristics should be consistent with finished product spedfications. Examination and 
testing of samples should ensure that the in-process materiał and dietary supplement conform to the established spedfications. 

In-process materia Is should be tested for identity, strength, quality, and purity as adeguate, and approved or rejected by the 
quality control unit during the productron process, e.g., at commencement orcompletlon of signlfieant phases or after storage 
for long periods. 

Rejected or aduiterated in-process materials should be identified and controlled under a guarantme system designed to pre- 
vent their use in manufacturing or processing operations for which they are unsuitable and to prevent the adulteratron of oth- 
er products. 

LABELING AND PACKACINC 

Materials Examination and Usage Criteria 

Written proeedures should be provided describing in sufficient detail the receipt, identification, storage, handling, sampling, 
examination, testing of labeling and packaging materials, or products received for packaging or labeling. Each immediate Con¬ 
tainer or grouping of immediate containers in a shipment of product received for packagmg or labeling, or of packaging and 
labeling materials, must be vi$ually examined for appropriate content Kabel, Container damage, or broken seals to determine 
whether the Container condition may have resulted in contamination or deterioration of the received product The supplieris 
invoice, guarantee, or certifrcation in a shipment of the received product must be yisuaJly examined to ensure that the received 
product is consistent with the purchase order. Labeling and packaging materials or products received for packaging or labeling 
should be quarantined until: 

* Representatfve samples of each unique shipment, and of each unique lot within each unique shipment, of received prod¬ 
uct for packaging or labeling, or of packaging and labeling materials, are coliected; 

* The quality control unit reviews and approves the documentation to determine whether the received product for packag¬ 
ing or labeling, or packaging and labeling materials, rneets the specifications; and 

* The quality control unit approves the received product for packaging or labeling, or packaging and labeling materials, 
and rełeases for use from quarantine. 

Those that do not meet such specifications should be identified and rejected to prevent their use in operations for which 
they are unsuitable. 

A record should be kept of each shipment received of each different labeling and packaging materiał, or each different re* 
celved product for packaging or labeling, indicating receipt, datę of examination or testing, and whether accepted or rejected. 

Each unique lot within each unique shipment of recerved product for packaging or labeling, or of packaging and labeling 
materials, must be identified in a manner that allows the recipient to tracę the lot to the supplier, the datę received, the name 
of the received product, the status of the received product (e.g., quarantined, approved, or rejected), and to the product that 
was packaged or iabeled and distributed. 

This unique identifier must be used whenever the dispositlon of each unique lot within each unique shipment of the re- 
ceived product for packaging or labeling, or of packaging and labeling materials, is recorded. 

Labels and other labeling materials for each different product, strength, product type, or quantity of contents should be 
stored separately under conditions that will protect against contamination and deterioration and avoid mixups. Only author- 
ized personnel should have access to the storage area. 

Packaging and labels must be held under appropriate conditions so that the packaging and labels are not adversely affected 
(e.g., contamination or deterioration). 

Gang printing of labeling to be used for different products or different strengths of the same product (or labeling of the 
same size and identfcal or similar format or color schemes) should be mimmized. If gang printing is employed, packaging and 
labeling operations should provide for speciaf control proeedures, taking into consideration sheet layout, stacking, cutting, and 
hancliing during and after printing. 
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Printing devices on, or associated with, manufacturing lines used to imprint labeling upon the product unit label ar case 
should be monitored to ensure that all imprinting conforns to the print specffied in the batch production record. 

Obsolete and outdated labels, labeling, other packaging materials, and products received for packaglng or labeling should 
be destroyed and documented. 

Labeling Issuance 

Strict control should be exercised over labeling issued for use in product labeling operations. The control procedures em* 
ployed should be in wnting with sufficient detail. 

Labeling materials issued for a batch should be carefully exarnined for identity and conformfty to the labeling specified in 
the master and batch production records, 

Procedures should be used to reconcile the guantities o' labeling issued, used, and returned, and should requfre evaiuation 
of discrepancies found. if discrepancies are found between the quantity of product finished and the ąuantity of labeling issued 
and are outside preset iimits based on historicaJ operating data, such discrepancies should be investigated. 

Returned labeling should be maintained and sorted in a manner to prevent mixups and provide proper Identification. 

All excess labeling bearing lot or control numbers should be destroyed and documented. 

Operations 

Written procedures designed to ensure that correct labels, labeling, and packaging materials are used for dietary supple- 
ments should incorporate the following features: 

* Prevention of mtxup$ and cross-contamination by ph/sical or spatial separation from operations on other products; 

* Identification of the product with a lot or control number; 

* Examination of packaging and labeling materials for suitability and correctness before packaging operations, and docu- 
mentation of such examination in the batch production record; and 

* Inspection of the packaging and labeling facilities immediately before use to ensure that all products have been removed 
from previous operations. Inspection should aiso be nade to ensure that packaging and labeling materials not suitable for 
subseguent operations have been removed. Resufts of the inspection should be documented in the batch production re¬ 
cord s. 

Relabefing and Repackaging 

■ Dietary ingredients and dietary supplements may be -epackaged or retabeled only after the quality control unit has ap- 
proved such repackaging or relabeling. 

■ A representative sample of each batch of repackaged or reiabeled dietary ingredients and dietary supplements must be 
examined to determine whether the repackaged or reiabeled dietary ingredients and dietary supplements meet all estab- 
lished specif kation*. 

* The guality control unit must approve or reject each batch of repackaged or reiabeled dietary ingredients and dietary sup¬ 
plements before its release for distribution. 

Tamper-Resistant Packaging 

REQUIREMENTS 

Each manufacturer and packer who packages a dietary supplement for retail sale shall package the product In a tamper- 
resistant package, if this product is accessible to the public whtle held for sale. A tamper-resistant package is one having an 
indicator or barrier to entry whrch, if breached or missing, can reasonably be expected to provide visible evidence to consum- 
ers that tampering has occurred. To reduce the likelihood of substitution of a tamper-resistant feature after tampering, the rn- 
dicator or barrier to entry is required to be distinctive by design or by the use of an identifying characteristic (e.g., a pattern, 
name, registered trądem ark, logo, or picture). For purposes of this sec tion, the term "distinctive by design" rneans that the 
packaging can not be duplicated with commoniy available materials or through commonly availabfe processes. A tamper-resist¬ 
ant package may involve an immediate-container and dosure system, or secondary-container or carton system, or any combi- 
nation of Systems intended to provide a visual indication of package Integrity. The tamper-resistant feature should be designed 
to remain rntact when handled in a reasonable manner during manufacture, distribution, and retail display. 

LABELING 

Each retail package of a dietary supplement covered by this section shall bear a statement that is prominently placed so that 
consumers are alerted to the specific tamper-resistant feature of the package. The labeling statement should be so placed that 
it will be unaffected if the tamper-resistant feature of the packaging is breached or missing. If the tamper-resistant feature 
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chosen to meet the requirement above Śs one that uses an identifying characteristic, that chara cteristic shouid be referred to in 
the labeling statement. For example, the labeling statement on a bottle wlth a shrink band eould say "Foryour protection, this 
bottle has an imprinted seal around the neck." 

Dietary Supplement Examination 

Packaged and labefed products shouid be examined during finishing operations to ensure that containers and packages tn 
the lot have the correct labeL A representative sample of units shouid be collected at the completion of finishing operations 
and visualiy examined for correct labeling. Results of these ©eaminations shouid be recorded in the batch production or con¬ 
tro! records. 


Contact Information 

The manufacturer, packer, or distributor of dietary supplements is reguired to comply with the current labeling reguirements 
in the law that also include a domestic address or phone nurnber through which an adverse event report fora dietary supple¬ 
ment may be received. 


Sheif Life 

Dietary supplements shouid bear a datę indicative of their shelf life, determined by appropriate testing, to ensure that they 
meet applicable standards of identity, strength, quality, and purity at or before the labefed shelf-life datę, 

Shelf life shouid be related to any storage conditions stated on the labeling* 

HOLDING AND DISTRIBUTION 

Warehousing Procedures 

Storage and transportation of the finished product shall be under conditions that will protect the producf against physital, 
Chemical, and microbial adulteration as well as against deterioration of the product and the Container* 

Written procedures describing the warehousing of dietary supplements shouid be established and followed and shouid in¬ 
clude the following: 

* Quarantine of finished products before disposition by the qua!ity control unit; and 

* Storage of finished products under appropriate conditions of temperaturę, humidity, and light so that the identity, 
strength, quality, and purity of the products are not affected* 

Distribution Procedures 

Written procedures describing the distribution of dietary supplements shall be established and followed and shouid include 
the following: 

• A procedurę whereby the oldest approved stock of a product is distributed first (Deviation from this requirement is per- 
mitted if such deviation is temporary and adequate.) 

■ A system by which the distribution of each lot of product can be readily determined to facilitate its recall if necessary* 

QUAL1TY CONTROL OPERATIONS 

The establishment of any spedfications, standards, sampling plans, test procedures, or other laboratory control mechanisms 
regutred by this chapter, including any change in such spedfications, standards, sampling plans, test procedures, or other lab¬ 
oratory control mechanisms, shall be drafted by the appropriate organizational unit and reviewed and approved by the guality 
control unit. The requirements in this section shouid be followed and documented at the time of performance. Any deviation 
from the written spedfications, standards, sampling plans, test procedures, or other laboratory control mechanisms shall be 
recorded and justified. 

Quality control operations include the establishment of scientifically sound and appropriate spedfications, standards, sam¬ 
pling plans, and test procedures designed to ensure that raw materials, product containers, closures, in-process materials, la¬ 
beling, products received for labeling and packaging operations as dietary supplements, and finished products conform to ad- 
eguate standards of identity, strength, quality, and purity, These Controls indude the following: 

• Determination of conformance to appropriate written spedfications for the acceptance of each lot within each shipment 
of raw materials, product containers, closures, and labeling used in the manufacture of dietary ingredients and dietary 
supplements, and of products received for labeling and packaging operations as dietary supplements. (The specifications 
include a description of the sampling and testing procedures used. Samples shouid be representative and adequatefy 
identified. Such procedures also reguire appropriate retesting of any raw materiał, product Container, or dosure that is 
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subject to deterioratiom) On the basts of adequate process verification, in-process Controls, and statistical confidence, a 
skip-lot testing plan is an alternative to testing every batch, exc!udtng raw materials, which reguire 100% identity testing. 

° Determination of conformance to written specifications and a description of sampling and testing procedures for in-proc- 
ess materials. (Such samples should be representatlve and properly identified.) 

° Determination of conformance to written descriptlons of sampling procedures and appropriate specifications for finished 
products. (Such samples should be representative and properly identified.) 

* The calibration of Instruments, atsuitable intervals, m accordance with an established written program containing spedfic 
directions, schedules, lirmts for accuracy and precision, and provrsions for remedia! action in the event that accuracy 
and/or prectsson limits are not met. Instruments not meeting established specifications shall not be used until repaired. 

Testing and Release for Distribution 

There should be appropriate laboratory determination of satisfactory conformance to specifications for the finished product, 
including the identity and strength before release. On the basis of adequate process verification, in-process Controls, or statistl- 
cal confidence, a skip-lot or composite testing plan is an alternative to testing every batch. 

There shoufd be appropriate laboratory testing, as netessary, of each batch of dietary supptement reguired to be free of ob- 
jectlonable nmcroorganisms. The accuracy, linearity, sensitmty, specificity, and precision of test methods employed by the firm, 
when they differ from compendia! methods, should be established and documented. 

Written procedures should describe any sampling and testing plans, which should include the method of sampling and the 
number of units per batch to be tested, 

Products faifing to meet established standards or specifications and any other relevant quallty contro! criterla shoufd be re- 
jected, Rejected or adulterated dietary Ingredients and dietary supplements shafl be identified, stored, and disposed of in a 
manner that protects against the adulteratlon of the other products. Reprocessing may be performed. Before acceptance and 
use, reprocessed materia! must meet established standards, specifications, and any other relevant criteria. Written procedures 
shall be established and followed prescribing the method for reprocessing batch es or operations start-up materials that do not 
conform to finished goods standards or specifications. Finished goods manufactured using such materials shall meet al! estab- 
Irshed purity, composition, and guality standards. 

Stabiiity Testing 

There should be a written protocol designed to assess the stabiiity characteristics of dietary supplements. The results of such 
testing should be used in determining appropriate storage conditions and shelf life. This protocol should include the followśng: 

* Sample size and test intervafs based on statistical criteria for each attribute should be examined to ensure valid estimates 
of stabiiity; 

* Storage conditions for samples retained for testing; 

* Reliable, meaningful, and specific test methods should be used; and 

■ The dietary supplement should be tested in the same type of container-dosure system as that in which the dietary sup- 
plement is marketed. 

An adeguate number of batches of each dietary suppfement should be tested to determine an adeguate shelf life, and a 
record of these data should be maintained. AcceJerated studies combined with basie stabiiity Information on the raw materials, 
dietary supp!ements, and container-closure systems may be used to support tentative shelf life if fuli shelf-life studies are not 
avaitable. Simplified stabiiity testing procedures may be used where data from similar product formulations are available to 
support a shelf-life estimation of a new product. Where data from accelerated studies are used to project a tentative shelf-life 
datę that is beyond a datę supported by actual shelf-life studies, stabiiity studies should be conducted, including dietary sup- 
plement testing at appropriate intervals, until the tentative shelf life is verified or the adequate shelf life is determined. 

Reserve Samples 

An appropriateiy identified reserve sam pi e that is representative of each lot or batch of dietary supplement should be re¬ 
tained and stored under conditions consistent with product labeilng until at least 3 years after the shelf life of the product. The 
reserve sample should be stored in the same immediate container-dosure system In which the finished product is marketed or 
In one that has essentiatly the same characteristics. The reserve sample consists of at least twice the quantity necessary to per- 
form ail of the required tests. If an adverse event report is received, the reserve samples of dietary supplements and dietary 
ingredients from the same lot or batch must be analy 2 ed by an appropriate procedurę to confirm their identity and determine 
any adulteration or contamination. The recovered samples associated with adverse event reports from consumers, distributors, 
or both should afso be analyzed, fol łowi ng the same method used for the reserved samples, if avaiiable. The results should be 
reported with other required Information to the federal authority, using the required form. The reserve samples from a particu- 
lar lot or batch associated with an adverse event report should be held for 6 years (serious events) or 3 years (nonserious 
events) from the datę when the first adverse event report is received by the manufacturer, packer, or distributor. 
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RECORDS AND REPORTS 

Any record for production, control, quality contro! operations, or distribution that is required to be maintained and is spedfi- 
caEly assodated with a batch of a product should be retained for at least 3 years after the shelf lite of the batch. 

Records should be maintained for afl raw materials, product containers, closures, and labefing for at least 3 years after the 
shelf Jife of the last lot of product rncorporating the raw materia! or using the Container, closure, or labeling. 

Master Production and Control Records 

To ensure unlformity from batch to batch, master production and control records for each product should be prepared, dat- 
ed, and signed by one person and śndependentEy checked, dated, and signed by a second person from the qua!ity control 
unit. 

Master production and control records should include the following: 

* The name and strength of the product; 

■ The name and weight or measure of each dietary ingredient per unit or portion or per unit of weight or measure of the 
product, and a statement of the total weight or measure of any dosage unit; 

* A complete list of raw materials designated by names or codes sufficiently specific to indicate any spetial quality charac- 
teristic; 

* An accurate statement of the weight or measure of each raw materiał, using the same weight system (metric, avoirdupois, 
or apothecary) for each raw materiał; 

o A statement concemlng any calculated extess of raw materiał; 

* A statement of theoretical weight or measure at appropriate phases of processing; 

* A statement of theoretical yieid, including the maximum and minimum percentages of theoretlcal yieid beyond which 
investigation is required; 

* A description of the product containers, closures, and packaging materials, including a specimen or copy of each labet 
and all other labefing signed and dated by the person or persons responsible for approva! of soch labeling or, in lieu of 
specimens or copies of each EabeE or other labeling, a positive Identification' of aJI labeling used; and 

■ Complete manufacturing and control instructions, testing procedures, acceptance Jimits, special notations, and precau- 
tions to be followed. 

* Specific actions necessary to perform and verify points, steps, or stages in the manufacturing process where contro! is nec- 
essary to ensure the gualrty of dietary ingredients and dietary supplements, and to ensure that dietary ingredients and 
dietary supplements are packaged and labeled as specified in the master production record. 

* Such specific actions must include verifying the weight or measure of any component and verifying the addition of 
any component; and 

* For manuał operations, such specific actions must include: 

* One person weighing or measuring a component and another person verifying the weight or measure; and 

* One person adding the component and another person verifymg the addition. 

* Corrective action plans for use when a speciflcation is not met, 

Batch Production and Control Records 

Batch production and contro! records should be prepared for each batch of product produced and should include complete 
Information relating to the production and contro! of each batch, These records should be reviewed and signed by a second 
person from the quaiity control unit. These records should include accurate reproduction of the appropriate master production 
or control record and documentation that each signiffcant step in the manufacture, processing, packlng, or holding of the 
batch was accomplished, inciuding the folfowing: 

* Dates; 

* Identity of individua! major equipment and lines used; 

° Specific identification of each batch of raw materiał or in-process materia! used; 

* Weights and measures of raw materials used in the course of processing; 

* In-process and Jaboratory contro i results; 

* Inspection of the packaging and labeling areas before and after use; 

* A statement of the actual yieid and a statement of the percentage of theoretical yieid at appropriate phases of processing; 

* Description of product containers and closures used; 

* Complete labeling contro) records, including: 

* The unique identifier asslgned to packaging and labeis used, the quantity of the packaging and labels used, and, 
when la bel reconciliatron is requ!red, reconciliation of any discrepandes between issuance and use of labels; and 

* An actual or representative labet, or a cross-reference to the physical location of the actual or representative tabel 
specified in the master manufacturing record; 

* Any sampling performed; 

* Identification of the persons performing and directly supervisśng or checking any step in the operation; 
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* Any investigation madę; 

* The results of any tests or examtnations conducted on packaged and Iabeled dietary supplements (induding repackaged 
or relabeied dietary supplements), or a cross-reference to the physieal location of such results; 

* Documentation at the time of performance that quality control unit: 

* Reviewed the batch productfon record, including; 

* Review of any required monitoring operation, and 

o Review of the results of any tests and examinatEons, induding tests and examinations conducted on compo- 
nents, in-process materials, finished batchesof dietary supplements, and packaged and iabeled dietary ingredi- 
ents and dietary supplements; 

* Approved or rejected any reprocessing or repackaging; 

* Approved and released, or rejected, the batch for distribution, including any reprocessed batch; and 

* Approved and released, or rejected, the packaged and Iabeled dietary supplement, induding any repackaged or rela¬ 
beied dietary supplement; 

* Documentation at the time of performance of any requlred materiał review and dispositlon dedsion; and 
° Documentation at the time of performance of any reprocessing. 

Records for Raw Materials, Packaging, and Labels and for Product Received for Packaging or 

Labeling as a Dietary Supplement 

The followtng records must be madę and retained: 

* Wriften procedures for fulfiliing the requirements for raw materials, packaging, and labels and for product received for 
packaging or labeling; 

* Receiving records (including records such as certlfkates of analysis, suppliers' invoices, and suppliers' guarantees) for com- 
ponents, packaging, and labels and for products received for packaging or labeling; and 

o Documentation that the reguirements of Raw Materials, Product Container*, and Closures were met: 

° The person who performs the required operation must document, at the time of performance, that the required op- 
eration was performed; and 
° The documentation must include; 

* The datę of recelpt of the raw materials, packaging, labels, or products received for packaging or labeling as a 
dietary supplement; 

* The initials of the person performing the reguired operation; 

* The results of any tests or examinations conducted on raw materials, packaging, or labels, and of any visual ex- 
aminatlon of product recelved for packaging or labeling as a dietary supplement; and 

* Any materia! review and disposition dedsion conducted on raw materials, packaging, labels, or products re- 
ceived for packaging or labeling as a dietary supplement. 

Laboratory Records 

Laboratory records should Include complete data denved from all tests necessary to ensure compliance with established 
spedficatlons and standards, induding examinations and assays, as follows: 

® A descriptlon of the sam ple received for testing with Identification of source (that is, location from where sam ple was ob- 
tained), quantity, lot number or other distinctive codę, and datę sample was taken, 

* A statement of each method used in the testing of the sample, 

* A statement of the weight or measure of sample used for each test, where appropriate. 

* A complete record of all data secured In Lhe course of each test, including all graphs, charts, and spectra from laboratory 
instrumentation, properly Identlfied to show the speclfic raw materiał, product Container, closure, in-process materiał, or 
finished product, and lot tested. 

* A record of all cafculations performed in connection with the test, including units of measure, conversion factors, and 
equivalency factors. 

* A statement of the results of tests and how the results compare with established standards of identity, strength, quality, 
and purity for the raw materiał, product Container, closure, in-process materiał, or finished product tested. 

* The initials or slgnature of the person who performs each test and the date(s) the tests were performed. 

Complete records should be malntained of any modiflcation of an established method employed in testing. Such records 
should Include the reason for the modiflcation and data to verify that the modification produced results that are at least as 
accurate and reliable for the materiał being tested as the esiabllshed method. 

Complete records should be maintained of any testing and standard Ization of laboratory reference standards, reagents, and 
standard Solutions, the periodlc calibration of laboratory Instruments, and all stability testing should be performed. Any devia- 
tion should be revlewed and signed by the management of the guality control unit. 
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Quality Control Operation Records 

The foliowing records must be madę and retained; 

* Wrltten procedures for the responslbifities of the guality control operatlons, Encluding written procedures for conducting a 
materiał revlew and making a dEsposition dedsion and written procedures for approdng or rejecting any reprocessing; 

0 Written documentation, at the dme of performance, that guality control unit performed the revlew, approvaI, or rejection 
reguirements, by recording the following: 

° Datę on which the review, approvai, or rejection was performed; and 

■ Signature of the person performing the review, approval, or rejection; and 

* DocumentatEon of any materiał review and disposftion dedsion and follow-up, Such documentation must be included in 
the appropriate batch production record and must include: 

* Description of the investEgatlon into the cause ofthe deviatlon from the specification or the unanticipated occur- 
rence; 

B Evaluation of whether the deviatEon or unanticipated occurrence has resulted in, or could lead to, a failure to ensure 
the guality of the dietary supplement or a failure to package and label the dietary supplement as specified in the 
master manufacturing record; 

* Identification of the action(s) taken to correct, and prevent a recurrence of, the deviation or the unanticipated occur¬ 
rence; 

* Explanation of the actions taken with the raw materiał, dietary supplement, packaging, or label; 

* A scientifically valid reason for any reprocessing of a dietary supplement that is rejected or any treatment or in-prot- 
ess adjustment of a component that 15 rejected; and 

■ The slgnatures of 1) the lndlvidual(s) designated to perto rm the guality control operation, who have conducted the 
materia! review and madę the dfsposition decision; and in addition, 2) each gualified individual who has provided 
Information relevant to that materiał review and dEsposition decision. 

Distribution Records 

Distribution records shouid contain the name and strength of the product, name and address of the consignee, datę and 
quantity shipped, and lot or control number of the fintshed product, 

Record Keeping 

The manufacturer, packer, or distributor of dietary supplements must keep ail required records, as shown in this chapter, for 
1 year beyond the shelf lite of dietary supplements assodated with those records. tf adverse event reports are received, those 
records must be kept for an additional 6 years (serious events) or for 3 years (nonsenous events) from the datę when the first 
report Es recelved, Ali records must be accessible by the regulatory authorlty when reguested. 

Records must be kept as original records, as true copies (such as photocoples, microfifm, microfiche, orother accurate repro- 
ductions of the original records), or as electronlc records. 

Afl electronlc records must comply with part 11 of Codę of Federal Regulations Title 21 (21 CFR Part 11), 

If reduction technigues are used, such as microfrlming, suitable reader and photocopying egulpment must be readily avalla- 
ble to auditors and inspectors, 

Complaint Files 

Written procedures describing the handling of all written and oraf complaints regarding a dietary supplement shall be estab- 
lished and folfowed. These procedures shouid include provisions for review by the guality control unit of any complaint involv- 
ing the possible failure of a product to meet any of its spedficatlons and a determinatfon as to the need for an investigation. 

Each complaint shouid be recorded in a file designed especially for dietary supplement complaints. Written records shouid 
be maintained until at least 3 years after the shelf life of the product, or 3 years after the datę when the complaint was re- 
ceived, whichever is longer. 

The written record shouid indude the following Information, where known: the name and strength of the product, lot num¬ 
ber, name of complainant, naturę of complaint, and reply to complainant 

If an investigation is necessary, the written record shouid indude the findings of the investigation and follow-up. 

The review and investigation of the product complaint by a gualified person, the review by guality control unit about 
whether to investigate a product complaint, and the findings and follow-up actlon of any investigation performed must ex~ 
tend to all relevant batches and records. 
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Adverse Event Reports 

Adverse event reports include reports on any health-related adver$e event assodated with the use of a dietary supplement 
that is adverse. !t indudes both nonserious and serious adverse event reports, 

The manufacturer, packer, or distributor of a dietary supplement (cafled the "responsible person") whose name appears on 
the la bel shall be responsible for keeping reports of alf nonserious adverse evenfs along with any related records (e.g„ records 
of Communications with the person who reported the nonserious event) + Ali such records of nonserious adverse events should 
be kept for 6 years. 

The responsible person whose name appears on the labeJ shall also be responsible for reportmg any serious adverse event 
reported to it, and assodated with a dietary supplement that is marketed and used in the same country, to the regulatory 
authority as soon as appropriate, but NLT15 business days after receipt of the report, ustng the appropriate form as defined 
by the regulation (http://wwwida.gov/food/dietarysupplements/reportadverseevent/ucm1 1111 Q.htm). A serious adverse 
event is an event that results in any of following: 

* Death, 

* A life-threatening experience, 

* Inpatient hospitallzation, 

* A persistent or significant disability or inabifity, 

* A congenital anomaly or birth defect, or 

* A condttion that requires, according to reasonable medical judgment, a medical or surgical intervention to prevent one of 
the five outcomes listed above. 

A refailer whose name appears on the fabef as a distributor may, by agreement, authortze the manufacturer or packer to 
submit the requrred reports to the regulatory authority, as long as the retailer directs all recetved adverse event reports to the 
manufacturer or packer. Each serious adverse event report should include a copy of the produet'$ label, fhe information descri- 
bed in the preceding section Complaint Files , and if possible, the contact information of the complainant; daily intake; alcohol 
consumption and amount; use of prescription medicine and OTC medicine, including a daily dose; and other medical Informa¬ 
tion, The information assodated with personal Identification and medical records should be obtained only for the reports and 
kept safe from disdosure. Any new medical information that is related to an already submftted serious adverse event report 
that is received withsn 1 year of fhe inftiaf report shail be submitted to the regulatory authority as soon as appropriate, but NLT 
15 business days after receipt of the information. The records related to each report of a serious adverse event received by the 
manufacturer, packer, or retaiier should be maintained for 6 years. The authorized person who is designated by the regulatory 
authority should be permitted access to those records. 

RETURNED AND SALVAGED PRODUCTS 

Returned Dietary Supplements 

Returned products should be identified as such and held, If the conditions under whlch returned dietary mgredients and 
dietary supplements have been held, stored, or shipped be"ore or during their return, or If the condition of the product, its 
Container, carton, or Sabeling, as a result of storage or shtpprng, casts doubt on the safety, identity, strength, guality, or purity 
of the product, the returned product should be destroyed unless examination, testing, or other im/estigations prove the prod¬ 
uct meets appropriate standards of safety, identity, strength, ąuallty, or purity. The returned products assodated with adverse 
event$ must be destroyed after a sufficient sample of products is stored for the purpose of further investigation only. The prod¬ 
ucts related to the adverse event that have been returned siouid be kept for 6 years (serious events) or for 3 years {nonserious 
events) from the datę when the first report is received. A product may be reprocessed provided that the subsequent product 
meets adequate standards, specifications, and characteristics* Records of returned products should be maintained and should 
include the name and label potency of the product, lot number (or control number or batch number), reason for the return, 
quantity returned, datę of disposition, and ultimate disposition of the returned product If the reason for a product being re¬ 
turned implicates assodated batches, an appropriate mvestigat!on is necessary, 

Dietary Supplement Salvaging 

Products that have been involved in adverse events or subjected to improper storage conditions, including extremes in tem¬ 
peraturę or humidity, smoke, fu mes, pressure, age, or rad i arion due to natural disasters, fires, acddents, or eguipment failures 
Should not be salvaged and returned to the marketpiace. Whenever there is a question whether products have been subjected 
to such conditions, salvaging operations may be condueted only if there is o) evidenoe from laboratory tests and assays that 
the products meet all applicabie standards of identity, strength, guality, and purity; and b) evidence that the products and 
their associated packaglng were not subjected to improper storage conditions as a result of the disaster or acddent Organo- 
leptic examtnations should be accepted only as supplemental evidence that the dietary supplement meets appropriate stand¬ 
ards of identity, strength, guallty, and purity. Records including name, lot number, and disposition should be maintained for 
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salvaged products. if the products are involved In adverse events, the instructions described in the preeeding section Records 
and Reports should be followed. 


Defect Action Levels 

Some dietary ingredients and dietary supplements, even when produced under current good manufacturing practice, eon- 
tain natura! or unavoidabfe defects that at Iow levels are not hazardous to health, The Food and Drug Administration estab- 
lishes maximum levels for these defects in dietary ingredients and dietary supplements produced under current good manufao 
turing practice and uses these Jeveis in deciding whether to recommend regulatory action. 

Defect action ievels are established for dietary ingredients and dietary supplements whenever it is necessary and feasible to 
do so, These levels are subject to change upon the development of new technology or the availability of new Information. 

Complfance with defect action !evels does not excuse vioiation of the requtrement in section 402(a)(4) of the Act that diet¬ 
ary ingredients and dietary supplements shall not be prepared, packed, or held under unsanitary conditions or the require- 
ments in this part that manufacturers, distnbutors, and holders of both dietary ingredients and dietary supplements shal! ob- 
serve current good manufacturing practice. Evidence indicaUng that such a violation exists causes a dietary ingredient and a 
dietary supplement to be adulterated within the meaning of the Act, although the amounts of natural or unavoidab!e defects 
are fower than the currently established defect action teve!s. The manufacturer, distributor, and holder of a dietary ingredient 
or a dietary supplement shall, at all times, utilize quality control operations that reduce natural or unavoidable defects to the 
lowest level currently feasible. 

The mrx*ng of a dietary ingredient or dietary supplement containing defects above the current defect action !evel with an- 
other lot of dietary ingredient or dietary supplement is not permitted and renders the finał product adulterated within the 
meaning of the Act, regardless of the defect leve! of the firal product. 

A compilation of the current defect action Ievels for natural or unavoidabfe defects in dietary ingredients and dietary supple¬ 
ments that present no health hazard may be obtained upen request from the Industry ActMties Staff (HFS-565), Center for 
Food Safety and Applied Nutritton, U.5. Food and Drug Administration, 5100 Palnt Branch Parkway, College Park, MD 
20740-3835. 

GLOSSARY 

Acceptance enteria: The product specifications and acceptance or rejection criteria, such as acceptable quailty level and un- 
acceptable quality level, with an associated sampling plan, that are necessary for making a dedsion to accept or reject a lot or 
batch (or any other convenient subgroups of manufaetured units), 

Act: Federal Food, Drug and Cosmetic Act [United States Codę (U.5.C) Title 21, Chapter 9]. 

Adequate: That which is needed to accomplish the intended purpose in keeping with good public health practice. 

Adverse event; Any health-reiated event that is adverseand that is associated with the use of a dietary supplement. 

Adverse event report: A report of an adverse event (see definition above). (See afso Serious adverse event report .) 

Batch: A specific quantity of a finished product or other materiał that is intended to have uniform character and quality, 
within spedfied limits, and is produced according to a single manufacturing order during the same cycle of manufacture. 

Blanching: A prepackaging heaf treatment of a dietary ingredient and a dietary supplement for a sufficient time and at a 
sufficienf temperaturę to partiaily or completely inactivate the naturally occurhng enzymes and to effect other physical or bio- 
chemicaf chan ges in the product 

Composition: f)The identity of a dietary ingredient or dietary supplement, and 2) the concentration of a dietary ingredient 
(e.g., weight or other unit of use/weight or volume), or the potency or activity of one or morę dietary ingredients, as indicated 
by appropriate procedures. 

Dietary ingredient: An ingredient intended for use or used in a dietary suppiement that is: 

• A vitamin; 

■ A minerał; 

• An herb or other botamcal; 

■ An amino acid; 

• A dietary substance for use by humans to supplement the diet by inereasing the total dietary intake, or a concentrate, 
metabolite, constituent, extract; or 

■ A combination of any of the foregoing ingredients. 

Dietary supplement: A product (other than tobacco) that is intended to supplement the diet and that bears or contains one 
or morę of the foilowing dietary ingredients: a vitamin, a minerał, an herb or other botanical, an amino acid, a dietary sub¬ 
stance for use by humans to supplement the diet by inereasing the total daily intake, or a concentrate, metabolite, constituent, 
extract or combination of these ingredients, that is intended for ingestion in a pili, capsule, tablet or liguid form, that is not 
represented for use as a convenfional food or as the sole item of a meal or diet, and that is labefed as a dietary supplement, 
and includes products such as a new drug, certified antibictic, or ficensed biologie that was marketed as a dietary supplement 
or food before approval, certification, or license unless.a sanitary authority waives this provision. 

inactive ingredient: Any raw materiał other than a dietary ingredient. 




USP 40 


Dietary Supplements / <2750) Manufaeturing Practices 2321 


In-process materiał: Any materiaf fabricated, compounded, blended, ground, extracted, srfted, sterilized, or processed in 
any other way that is produced for, and used in, the preparation of the dietary supplement. 

Lot: A batch, or a specific identified portion of a batch, having uniform character and quality within spedfied limit*. 

Lot number, control number, or batch number: Any distinctiue combination of lefters, numbers, ar symbols, or any com- 
binalion of them from which the complete history of the manufacture, processing, packing, holding, and distribution of a 
batch or lot of finished dietary ingredient, dietary supplement, or other materia! can be determined. 

Manufacture or manufaeturing: Inciudes ail operations associated with the production of dietary ingredient* and dietary 
supplements, induding packaging and tabeling operations, testing, and quality control of a dietary ingredient or dietary sup¬ 
plement 

Microorganisms: Yeast, molds, bacteria, and viruses and inciudes, but is not limited to, species having pubiic health signifi- 
cance. The term "undesirable microargamsms w inciudes those microorganisms that are of pubiic health significance, that sub- 
ject a dietary ingredient or a dietary supplement to decomposition, that indicate that a dietary ingredient or dietary supple¬ 
ment is contaminated with filth, or that otherwise may tause a dietary ingredient or a dietary supplement to be adulterated 
within the meaning of the Act. Occaslonally in these regulations, the adjective "microbiar is used instead of an adjectival 
phrase containlng the word "microorganism". 

Rest: Any objectionable animals or tnsects including, but not limited to, bird, rodents, flies, and larvae. 

Plant: The building or facility or parts thereof, used for or in connection with the manufaeturing, packaging, labeling, or 
holding of a dietary ingredient and a dietary supplement- 

Process evaluatron: A set of tests performed on a process intended to evaluate its capacity to consistently produce the re- 
sults that i£ is intended for. 

Quality control operation: A planned and systematic procedurę for taking ail actions neoessary to prevent a dietary ingredi- 
ent and a dietary supplement from being adulterated. 

Quality contro! unit: Any person or organizational element designated by the firm to be responsible for the duties relating 
to quality control operations. 

Raw materiał: Any ingredient intended for use in the manufacture of a dietary ingredient or dietary supplement, induding 
those that may not appear in such finished product. (A dietary ingredient is a raw materia! when considering the manufacture 
of a dietary supplement.) 

Representative sample: A sample that consists of a number of units that are drawn based on rational criterla, such as ran¬ 
dom sampling, and is intended to ensure that the sample accurately portrays the materiał being sampled. 

Rework: A dean, unadulterated materia! that has been removed from processing for reasons other than unsa miary condh 
tions or that has been successfully reconditioned by reprocessing and that is suitable for use in the manufacture of a dietary 
ingredient or a dietary supplement 

Sanitizing: To adeguately treat eqyipment, containers, o" utensils by a process that is effective in destroying vegetatrve cells 
of microorganisms of pubiic health significance and in substantially reducing other undesirable microorganisms but without 
affecting the product or its safety for the consumer. 

Serious adverse event report: A report of an adverse evenl that is termed "serious" because it meets certain criteria (see 
the subsection Adverse Event Reportś), The Dietary Supplement and Nonprescription Drug Consumer Protection Act reguires 
manufacturers and distributors of dietary supplements and OTC drugs to report alf serious adverse events to the Secretary of 
the Food and Dryg Adminlstratlon (FDA). This is an endrely new requirement for dietary supplements. 

Shail: Used to state requirements that must be met under the provisions of this guideline. 

Shelf life: The period of time after manufaeturing in which the dietary supplement is ensured to meet applicable standard* 
of identity, strength, ąuality, and purity. 

Sheif-iife (Use by) datę: The datę beyond which the dietary supplement is no longer ensured to meet applicable standards 
of identity, strength, quality, and purity. 

Shoułd: Used to State recommended or advisory procedures or identify recommended eąuipment, 

Skip-iot testing (or sampling): A reduced level of testing (or sampling) for a particular spedfied parameter(s) based upon 
one or morę of the following: 

■ Statistical anafysis of an adequate quantity of historical test data; 

• Statistical confidence in the capability of the manufaeturing process as determined by suitable verification; or 

• Ongoing monitoring of the process using retognized statistical process control (SPC) techniques, 

Strength: The concentration of the active substance (weight/weighl, weight/volume, or unit of use/volume or weight ba- 
sis); and/or the potency, Le,, the activity of the product as indicated by appropriate laboratory tests. 

Water activity (a w ): A measure of the free moisture in a dietary ingredient or dietary supplement and is the quotient of the 
water vapor pressure of the substance divided by the vapor oressure of pure water at the same temperaturę. 
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1, SCOPE 

Reagents reguired in the tests and assay for UJ. Pharma - 
copeia and National Formufary articles and those reguired 
only in determining the ąuałity of other reagents are listed 
in this sectfon, with specifications appropriate to their in- 
tended uses. 

As stated in General Notices , 6 JO Reagents , listing of re¬ 
agents, indicators, and Solutions in the D.5. Pharmacopeia in 
no way impties that they have therapeutic utllity; thus, any 
reference to USP or NF m their labelmg shall include also the 
term "reagent" or "reagent grade". 

Where a particular brand or source of a materiał, instru¬ 
ment, or piece of eguipment, or the name and address of a 
manufacturer or distributor, is mentioned (ordinarify in a 
notę or footnote), this Identification is furnished sofely for 
Information a I purposes as a matter of convenience, without 
implication of approval, endorsement, or oertification. 

1.1 AC5 (American Chemical Society) Reagent Grade 

Where rt is directed to "Use ACS reagent grade", it is 

intended that a grade meeting the corresponding specifica¬ 
tions of the current edition of Reagent Chemicals, published 
by the American Chemical Society (ACS), shall be used. 

1.2 Suitable Grade 

In the cases where no ACS reagent monograph exrst$ or if 
the reagent is available in different guality grades, each one 
specific for a particular application, it is airected to "Use a 
suitable grade", The intent is that a suitable reagent grade 
available commercialfy shall be used. 

Occasionally, additional test(s) augment the designation 
"suitable gracie", as indicated in the teKt Listed also are 
some, but not alf, reagents that are reguired only in deter¬ 
mining the auality of other reagents. For those reagents 
that are not listed, satisfactory specifications are available in 
standard reference publicatlons, 

1.3 USP or NF or FCC Grade 

In the instances in which a reagent required in a UJ. 
Pharmacopeia or National Formulary test or assay meets the 
reguirements in the monograph for that article appearing in 
this UJ. Pharmacopeia or the National Formutary or the cur¬ 
rent edition of the Food Chemicafs Codex (FCQ, it suffices to 
refer to the corresponding monograph in one of the these 
three compendia. In such cases it is to be understood that 
the specifications are minimum regulrements and that any 
substance meeting morę rigid specifications for Chemical pu- 
rity is suitable. 

2. PAC KACI NC AND STORACE 

Reagents and Solutions should be preserved in tight con- 
tainers madę of resistant glass or other suitable materiał. 
Directions for storage in light-resistant containers should be 
carefully observed. 

Stoppers and stopcocks brought into contact with sub- 
stances capable of attacking or penetrating their surfaces 
may be given a protective coating of a thin film of a suita¬ 
ble lubricant unless specifically interdicted. 


Indicators and 
SolutSons 

3, METAL-ION STANDARD SOLUTIONS 

Atomie absorption and flame phofometry reouire Lhe use 
of a number of metal-ion standard Solutions. While the indi- 
viduaJ monographs usually provide directions for prepara- 
tion of these Solutions, use of commerdally prepared stan- 
dardized Solutions of Lhe appropriate ions is permissrble, 
provided that the analyst confirms the suitability of the Solu¬ 
tions and has data to support their use. 

Change to readi 


4. DEFIN1TIONS 

4.1 Reagents: Reagents are substances used either as such 
or as constituents of Solutions. 

4.2 Indicators: Indicators are reagents used to determine 
the spedfied endpoint in a Chemical reaction, to measure 
hydrogen-ion concentration (pH), or to indicate that a de- 
sired change in pH has been effected. They are listed to- 
gether with indicator test papers. 

4.3 Buffer Solutions: Buffer Solutions resist changes tn the 
activity of an ion on the addition of substances that are 
expected to change the activity of that ion. 

4.4 Colorimetric Solutions (CS): Colon metric Solutions 
are Solutions used in the preparation of colorimetric stan- 
dards for comparison purposes. 

4.5 Test Solutions (TS): Test Solutions are Solutions of re¬ 
agents in such solvents and of such definite concentrations 
as to be suitable for the spedfied purposes. 

4.6 Voiumetrlc Solutions (VS): Volumetric Solutions are 
Solutions of reagents of known concentration intended pri- 
marily for use in quantitative determinations. 

A Aumo 

5. CHROMATOGRAPHKC SOLVENTS AND 
CARRIER CASES 

The chromatographic procedures set forth in the UJ. 
Pharmacopeia may require use of so!vents and gases that 
have been especially purified for such use. The purpose may 
be (a) to excfude certa!n impunties that interfere with the 
proper conduct of the test procedurę, or (b) to extend the 
life of a column by reducing the buildup of impurities on 
the column. Where soivents and gases are called for in 
chromatographic procedures, rt is the responsibility of the 
analyst to ensure the suitability of the solvent or gas for the 
specific use, So!vents and gases suitable for specific high- 
pressure or other chromatographic uses are available as spe- 
dalty products from various reagent suppiy houses, al- 
though there is no assurance that similar products from dif¬ 
ferent suppliers are of equivalent suitability in any given 
procedurę. 
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1*1 Blank 

A blank consists of the same guantities of the same re¬ 
agents treated in the same manner as the specimen under 
test. 

1,2 Control 

A control is a blank to whtch has been added the limittng 
quantity of the substance being tested for, or is a specified 
companson solution prepared as directed in the particufar 
test, 

2. DESCRIPTION OF THE REAGENT ENTRY 

See Figurę 7. 

3. VI$UAŁ COMPARISONS 

For color and turbidity compansons, proceed as directed 
in Nephelometry ; Turbidimetry, and Visual Companson (855), 
V(SUQi Companson, The tubes used in this procedurę are fre- 
quently called "Nessler tubes". 

In making visual compansons of the densities of turbid 
fluids, compensate for aifference in color, if neeessary, by 
viewing the turbidity through a column of water, the depth 
of which is determined by the volume specified in the indi- 
vidual reagent specification. Place the water in color-com- 
parison tubes, and hołd one of the tubes above the control 
tubę and the other betów the specimen tubę. 

4. RETAIN THE FILTRATE 

"Retain the filtrate" is to be understood, unless otherwise 
indicated, that the washings of the residue are not to be 
added to the filtrate obtained. 

5, EXPRE55ION R z O* 

The expression R 2 0 3 is intended to indicate the residue on 
ignition from compounds precipitated upon the addition of 
ammonium hydroxide, such as iron oxide (Fe^Os) and alu- 
mjnum oxide (AI 2 Q 3 ), 

C hangę to read: 


6* GENERAL TESTS FOR REAGENTS 

The followlng generał test methods are provided for the 
examination ol reagents to determine their compJiance with 
the spedfications of the indrvidual reagents and are to be 
used unless it is otherwise directed in such spedfications, 

6.1 Bolling or Distilling Rangę for Reagents 
Use the foliowing procedurę for determining the bolling 
or distilling rangę of reagents, unless otherwise directed in 
the individua! spedfications: 

Apparatus: Use apparalus simiiar to that specified for 
Distiilfng Rangę (721), Method /, except that the distilling 
fiask rs to be of 250-mL capacity, to nave a short neck, and 
to be connected to the condenser by means of a three-way 
connecting tubę fitted with standard-taper ground joints. 
Procedurę: Place the distilling fiask in an upright-posL 
tion in the perforation in the asbestos board, and connect lt 
to the condenser. 


Measure 100 mL of the ltquld to be tested in a graduated 
cylinder, and transfer to the bolling fiask together with 
some device to prevenl bumping. Use the cylinder as the 
receiver for the distlllate, Insert the thermometer, and heat 
so as to distill at the ratę of 3-5 mL/min. Make a preliminary 
trial, if necessary, to determine the adjustment for the 
proper ratę of heating, Read the thermometer when about 
20 drops have distillea and thereafter at volumes of distillate 
of 5, 10, 40, 50, 60, 90, and 95 mL. Continue the distilla- 
tion until the dry point is reached. 

The Boiling or Distilling Rangę is the intervaf between the 
temperatures when 1 mL and 95 mL, respectively, have 
distilled. 

6,2 Amino Nitrogen Test in Reagents 

Determine the percentage of loss on drying of the sample 
in appropriate conditions. Transfer about 500 mg of the 
sample to a 100-mL beaker. Add 20 mL of water, Adjust the 
pH potentiometrically with 0.1 N hydrochloric acid or 0.2 N 
sodium hydroxide to 6.0. Add 10 mL of formaldehyde solu¬ 
tion. Ti tratę the solution potentiometrically with 0,2 N so¬ 
dium hydroxide to a pH of 9.0. Calculate the percentage of 
amino nitrogen: 


% amino nitrogen ~ 


> ^r-łaOit * 1 4 X 1 00 x f _ 

mg sample * (l.O-%LOD7TO0) 


where f is the correction factor obtained in the standardiza- 
tion of 0.2 N sodium hydroxlde and %LOD is the percent¬ 
age of loss on drying.* Hun- 2 Qi 6 ) 

6.3 Arsenie in Reagents 

Select reagents for this test for a Iow arsenie content, so 
that a blank test results in either no stain or one that is 
barely perceptible. 

ApparatuS: Prepare a generator by fittmg a 1 -hole rub- 
ber stopper into a wide-mouth bottle of about 60-mL ca¬ 
pacity. Through the perforation insert a verticał exit Lube 
about 12 cm in total length and 1 cm in diameter along the 
entire upper portlon (for about 8 cm) and constricted at its 
lower extremity to a tubę about 4 cm in length and about 
5 mm in diameter, The smaller portton of the tubę should 
extend to just slightly below the stopper. Place washed sand 
or a pledget of purified cotton in the upper portlon to 
about 3 cm from the top of the tubę. Moisten the sand or 
cotton uniform ly with fead acetate T5, and remove any ex- 
cess or adhering droplets of the latter from the walls of the 
tubę. Into the upper end of this tubę fit a second glass tubę 
12 cm in length, with an rnternal diameter of 2.5-3 mm, by 
means of a rubber stopper. Just before running the test, 
place a strip of mercuric bromide test paper (see Indicator 
and Test Paperś) in this tubę, crimping the upper end of the 
strip so that it will remain in position about 2 cm above the 
rubber stopper. Clean and dry the tubę thoroughly eath 
time it is used. 

Standard arsenic solution: Use the Standard Preparation , 
prepared as directed in Arsenic (211). 

Test preparation: Add 1 mL of sulfuric acid to 5 mL of a 
solution of the Chemical substance (1 in 25), unless another 
auantity is directed in the individual reagent specification. 
Omit its addition entireiy in the case of Inorganic adds. Un¬ 
less espedally directed otherwise, add 10 mL of sulfurous 
acid. Evaporate the liquid in a smali beaker, on a steam 
bath, until it is free from sulfurous add and has been re- 
duced to about 2 mL in volume. Di lute with water to 5 ml 
to obtain the Test preparation. Substances subjected to spe- 
cial treatments specified in the individual reagent specifica- 
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Figurę 1. Components of the reagent entry. 


tion may be used directly as the Test prepomtion. [Notę— 
Solutions prepared by the dissolvmcj of the Chemical sub- 
stances in di [u te acids are no t considered to have under- 
gone special treatment] 

Standard stain; Place in the generator bottJe 5 mL of 
potassium iodide TS, 2.0 mL of Standard arsenie solution, 

5 mL of acid stannous chioride TS, and 28 ml of water. Add 
1.5 g of granulated zinc (in No, 20 powder), and immedi- 
ately insert the stopper containing tne exit lube. Keep the 
generator bottJe tmmersed in water at 25° during the pe¬ 
riod of the test to moderate the reaction so that the stain 
will take the form of a distinctive band to fadlitate the com- 
parison of cofor intensity, When evolution of hydrogen has 
continued for 1 h, remove the mercuric bromide test paper 
for comparison, This stain represents 2 pg of arsenie. 

Procedurę: Pipet into Lhe generator bottle 5 ml of po¬ 
tassium iodide TS and 5 mL of Lhe Test preparation, ano add 
5 ml of add stannous chioride TS. Set the apparatus aside 
at room temperaturę for a period of 10 min, then add 
25 mL of water and 1.5 g of granulated zinc (in No. 

20 powder), and proceed as directed for the Standard stain. 
Remove the mercuric bromide test paper, and compare the 
stain upon it with the Standard stain : the stain produced by 
the Chemical tested does not exeeed the Standard stain in 
length or in intensity of color, indicating NMT 10 parts of 
arsenie per million parts of the substance being tested. Be- 
cause light, heat, and moisture cause the stain to fade rap- 
idly, place the papers in tleart, dry tubes, and make com- 
parisons promptly. 

INTERFERINC CHEMICALS: Anttmony, if present in the sub- 
stance being tested, produces a gray stain. Sulfltes, sulfides, 
thios ulfates, and other compounds tnat libera te hydrogen 
sulfide or sulfur dioxide when treated with sulfuric acid must 
be oxidized by means of nitric add and then reduced by 
means of sulfur dioxide as directed for the Test preparathn 
before they are placed in the apparatus. Certain sulfur com¬ 
pounds > as well as phosphine, give a bright yellow band on 
the test paper. If sulfur compounds are present, the lead 
acetate-moistened cotton or sand will darken. In that case, 
repeat the opera tion as directed for the Test preparation 
upon a fresh portion of the solution being tested, and use 
greater care in effecting the complete removal of the sulfur- 
ous acid, In testing hypophosphites, ob$erve special care to 
oxidize completely the solution being tested as directed; 
otherwise the evoiution of phosphine may result in a yeliow 
stain that may be confused with the orange-yellow cofor 
roduced by arsine. The stain produced by phosphine may 
e differentjated from that glven by arsine by means of 
moistening it with 6 N ammonium hydroxide. A stain 
caused by arsine becomes dark when so treated, but a stain 
produced by phosphine does not materially change in cofor 
6.4 Chioride in Reagents 

Standard chioride solution: Dissołve 165.0 mg of dried 
sodium chioride in water to make 1000.0 mL, This solution 
contains the equiva!ent of 0.10 mg of chłonne (Cl) in eath 
mL. 

Procedurę: Neutralize, if aJkalinę, a solution of the quan- 
tity of the reagent Indicated in the test in 25 mL of water, 


or a solution prepared as directed in the test, with nitric 
acid, litmus paper being used as the indicator, and add 
3 mL morę of nitric acid. Filier the solution, tf necessary, 
through a filter paper previously washed with water until 
the paper is free from chioride, and add 1 mL of silver ni¬ 
trate TS. Mix, and allow to stand for 5 min protected from 
direct sunlight. Compare the turbidity, if any, with that pro¬ 
duced in a eon troi madę with the same quantities of the 
same reagents as in the finał test and a volume of Standard 
chioride solution equivalent to the quantity of chioride (Cl) 
permitted by the test. Adjust the Iwo Solutions with water 
to the same volume before adding the sllver nltrate TS, and 
compare the turbidities. 

In testing barium salts, neutralize, if alkaline, the solution 
containing the reagent, with nitric add, and add only 
3 drops morę of nitric add. Conduet the remainder of the 
test as described previously. 

In testing salts giving colored sofutions, dissolve 2 g of Lhe 
reagent in 25 mL of water, and add 3 mL of nitric acid. 

Filter the solution, if necessary, through a filter paper previ- 
ously washed with water, and divide the fil tratę into two 
equaJ portlons. Treat one portion with 1 mL of srlver nitrate 
TS, allow to stand for 10 min, and, if any turbidity is pro¬ 
duced, filter it through a washed filter paper until elear, and 
use the fiitrate as a blank. Treat the other portion with 1 mL 
of silver nitrate TS, mix, and allow to stand for 5 min pro¬ 
tected from direct sunlight. Compare the turbidity with that 
produced in the blank by the addition of a volume of Stan¬ 
dard chioride solution equiva!ent to the guantity of chioride 
(Cl) permitted in the test, both Solutions being adjusted 
with water to the same volumę. 

6.5 Flame Photometry for Reagents 

The use of flame photometric procedures to determine 
traces of cafcium, potassium, sodium, and strontium is 
called for in some of the reagent specifications. The surtabif- 
ity of such determinations depends upon the use of ade- 
quate apparatus, and several Instruments of suitable selectiw 
I ty are avaiiable, The preferred type of flame photometer is 
one that has a red-sensitive phototube, a multipMer photo- 
tube, a monochromator, an adjustable slit-width eon troi, a 
sefector switch, and a sensitMty control. Other types of 
photometers may be used, provided the operator has 
proved that the instrument will determine accurately the 
amounL of impurities permitted in the reagent to be tested, 

The flame photometric procedures depend upon the use 
of semMnterna! standards, and thus reouire both a Sample 
solution and a Contro! solution , For the Sample solution, a 
specified weight of specimen is dissolved and difuted to a 
definite volume. For the ControI solution, the same amount 
of specimen is di$solved, the limiting amounts of the sus- 
pected impurities are added, and the solution is then di- 
Juted to the same definite vo!ume as the Sampie solution. 

The flame photometer is set as directed in the generał pro¬ 
cedures and then adjusted to give an emission reading as 
near 100% transmittance as is possible with the Control solu¬ 
tion at the wave!ength specified for the particular impurity 
concerned. With the instrument settings left unchanged, the 
emission from the Sampie solution is read at the same wave- 
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length and at a specified background wave!ength. The back¬ 
ground reading is then used to correct the obsen/ed emis- 
sion of the Sample solution for the emission due to the 
specimen and the solvent. The specimen being tested eon- 
tams less than the specified limit of impurity if the difference 
between the observed background and total emtsslons for 
the Sample solution is less than the difference between the 
observed emissions for the Conirol solution and the Sample 
solution at the wavelength designated for the particular 
impurity. 

CALC1UM IN REAGENTS 

Standard calcium solution: Dissolve 250 mg of cal- 
cium carbonate in a mixture of 20 mL of water and 5 mL of 
diluted hydrochloric acid, and when solution is complete, 
dilute with water to 1 L This solution contains 0.10 mg of 
caldum (Ca) per mL 

Procedurę: Use the Sample solution and the Contro! so- 
lution prepared as dfrected in the individual test procedurę. 

Set the slil-width control of a suitable flame photometer 
at 0.03 mm, and set the selector swltch at 0.1. Adjust the 
instrument to give the maximum emission with the Control 
solution at the 422.7-nm caldum linę, and record the trans- 
mittance. Without changing any of the instrument settmgs, 
record the transmittance for the emission of the Sample so¬ 
lution at 422,7 nm. Change the monochromator to the 
wavelenqth specified in the indivrdual test procedurę, and 
record the background transmittance for tne background 
emission of the Sompie solution : the difference between the 
transmittances for the Sample solution at 422.7 nm and at 
the background wavelength is not greater than the differ¬ 
ence between transmittances observed at 422.7 nm for the 
Sample solution and the Control solution. 

POTASSIUM IN REAGENTS 

Standard potassium solution: Dissofve 191 mg of po¬ 
tassium chloride in a few mL of water, and dilute with water 
to 1 L. Dilute a portion of this solution with water in the 
ratio of 1:10 to obtain a concentration of 0.01 mg of potas¬ 
sium (K) per mL. 

Procedurę: Use the Sample solution and the Control so¬ 
lution prepared as directed in the individual test procedurę. 
[Notę —In testing caldum salts, use an oxyhydrogen 
bumer.] 

Set the slit-width contro! of a suitable flame photometer 
eguipped with a red-sensitive detector at 0.1 mm, unless 
otherwise directed, and set the selector switch at 0.1. Adjust 
the instrument to give the maximum emission with the Con¬ 
trol solution at the 766.5-nm potassium linę, and record the 
transmittance. Without changing any of the instrument set- 
tings, record the transmittance for tne emission of the Scrm- 
ple solution at 766.5 nm, Change the monochromator to 
750 nm, and record the background transmittance for the 
background emission of the Sompie solution: the difference 
between the transmittances for the 5 ample solution at 766.5 
and 750 nm is not greater than the difference between 
transmittances obsen/ed at 766.5 nm for the Sample solution 
and the Contro/ solution. 

SODIUM IN REAGENTS 

Standard sodium solution: Dissolve 254 mg of so- 
dium chloride in a few mL of water, and dilute with water 
to 1 L. Dilute a portion of this solution with water in the 
ratio of 1:10 to obtain a concentration of 0.01 mg of so¬ 
dium (Na) per mL. 

Procedurę: Use the Sample solution and the Contro/ so- 
fut/on prepared as directed in the individual test procedurę. 

Set the slit-width control of a suitable flame photomeier 
at 0,01 mm, and set the selector switch at 0.1. Adjust the 
instrument to give the maximum emission with the Control 
solution at the 589-nm sodium linę, and record the transmit¬ 
tance. Without changing any of the instrument settings, re¬ 
cord the transmittance for tne emission of the Sample solu¬ 
tion at 589 nm. Change the monochromator to 580 nm, 
and record the background transmittance for the back¬ 
ground emission of fhe Sample solution: the difference be¬ 
tween the transmittances for the Sample solution at 589 and 


580 nm is not greater than the difference between transmit¬ 
tances observed at 589 nm for the Sample solution and the 
Control solution . 

STRONTIUM IN REAGENTS 

Standard strontium solution: Dissolve 242 mg of 
strontium nitrate in a few mL of water, and dilute with 
water to 1 L. Dilute a portion of this solution with water in 
the ratio of 1:10 to obtain a concentration of 0.01 mg of 
strontium (Sr) per mL. 

Procedurę: Use the Sample solution and the Control $o- 
lution prepared as directed in the individual test procedurę. 

Set Lhe slit-width control of a suitable flame photometer 
at 0.03 mm, and set the selector switch at 0.1. Adjust the 
instrument to give the maximum emission with the Control 
solution at the 460.7-nm strontium linę, and record the 
transmittance. Without changing any of the instrument set¬ 
tings, record the transmittance for tne emission of the Sam¬ 
ple solution at 460.7 nm. Change the monochromator to 
the wavelenqth specified in the individual test procedurę, 
and record the background transmittance for the back¬ 
ground emission of fhe Sample solution: the difference be¬ 
tween the transmittances for the Sample solution at 460.7 
nm and at the background wavelength is not greater than 
the difference between transmittances obsen/ed at 460,7 
nm for the Sample solution and the Control solution, 

6.6 Heavy Metals in Reagents 

Standard LEAD SOLtrriON: Use standard lead solution TS. 
£ach mL of this solution contains the equivalent of 0.01 mg 
of lead (Pb). 

PROCEDURĘ: Unless otherwise directed, test for heavy 
metals as follows: 

(o) If the heavy metals limit is 0.0005% (5 ppm), dts- 
solve 6.0 g of the specimen in water to make 42 mL, 

(b) If the heavy metals limit is 0.001% (10 ppm) or 
morę, or in the event of limtted solubifity, use 4g, and dis- 
solve in water to make 40 mL, warming, rf necessary, to aid 
solution. 

For the control, transfer 7 mL of the solution from (o) to a 
color-comparison tubę, and add a vo!ume of Standard lead 
solution equiva!ent to the amount of lead permitted in 4 g 
of the reagent. Dilute with water to 35 mL, and add diluted 
acetic acid, or ammonia TS, untit the pH is about 3.5, deter- 
mined potentiometrically, then dilute with water to 40 mL, 
and mix. Transfer the remaining 35 mL of the solution from 
(o) to a color-companson tubę closely matching that used 
for the control, and add diluted acetic add, or ammonia TS, 
until the pH is about 3.5, determined potentiometrically, 
then dilute with water to 40 mL, and mix. Then to eacn 
tubę add 10 mL of hydrogen sulfide TS, mix, and compare 
the colors by viewing through the color-comparison tubę 
downward against a white surface, The color in the test 
specimen is not darker than that of the control. 

tf the solution of the reagent is prepared as in (b), use for 
the control 10 mL of the solution, ano add to It a volume of 
Standard lead solution equivalent to the amount of lead per¬ 
mitted in 2 g of the reagent. Dilute the remaining 30 ml of 
solution (b) with water to 35 mL, and proceed as directed in 
the preceding paragraph, beginning with "add diluted ace¬ 
tic acid, or ammonia T$," in the second sentence. 

If the reagent to be tested for heavy metals is a salt of an 
aliphatic organie acid, substitute 1 N hydrochloric acid for 
the diluted acetic acid specified in the foregoing method, 

6.7 Insoluble Matter in Reagents 

Dissolve the quantity of reagent specified in the test in 
100 mL of water, heat to boiling unless otherwise directed, 
in a covered beaker, and warm on a steam bath for 1 h. 

Fiiter the hot solution through a tared sintered-glass crudble 
of fine porosity. Wash the beaker and the fiiter thoroughiy 
with hot water, dry at 105 d , cool in a desiccator, and 
weigh. 

6.8 Loss on Drying for Reagents 

Delermine as directed in Loss on Drying (7 31). 
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6.9 Nitrate in Reagents 

Standard nitrate solution: Dissolve 163 mg of potas- 
sium nitrate in water, add waler to make 100 mL, and dilute 
10 mL of this solution with water to 1 L to obtain a solution 
containing the equivalent of 0.01 mg of nitrate (NCh) per 
mL. 

BmjCINE SULFATE SOLUTION: Dissolsre 600 mg of brudne 
sulfate in 600 mL of nitra te-free, dilute sulfuric add (2 in 3) 
that previously Has been cooled to room temperaturę, and 
di lute with the acid to 1 t. [NOTĘ— Prepare the nitrate-free 
sulfuric add by adding 4 parts of sulfuric acid to 1 part of 
water, heating the solution to dense fumes of sulfur trioxide, 
and cooling. Repeat the dilution and heating three orfour 
times.] 

Sample solution: To the weight of sampfe specified in 
the individual reagent specification, dissoWd in the desig- 
nated volume of water, add Brudne sulfate solution to make 
50 mL. 

Control SOLUTION: To a volume of Standard nitrate solu¬ 
tion equivalent to the weight of nitrate (N0 3 ) specified in 
the individual reagent specification, add the weight of sam- 
ple specified in the individual reagent specification, and 
then add Brudne sulfate solution to make 50 mL. 

Blank solution: Use 50 mL of Brudne sulfate solution . 

Procedurę: Heat the Sample solution , ControI solution, 
and Blank solution in a boilmg water bath for 10 min, then 
cooJ rapidly in an ice bath to room temperaturę. Adjust a 
suitable spectrophotometer to zero absorbance at 410 nm 
with the Blank solution. Determine the absorbance of the 
Sample solution , notę the result, and adjust the instrument 
to zero absorbance with the Sample solution. Determine the 
absorbance of the ControI solution: the absorbance reading 
for the Sample solution does not exeeed that for the Control 
solution . 

6.10 Nitrogen Compounds in Reagents 

Procedurę: Unless otherwise directed, test for nitrogen 
compounds as foliows: dissolve the specified quantity of test 
specimen in 60 mL of ammomaTree water in a Kjeldahl fiask 
connected through a spray trap to a condenser, the end of 
which dips below the surface of 10 mL of 0,1 N hydrochlo- 
ric acid. Add 10 mL of freshly boiled sodium hydroxide solu¬ 
tion (1 in 10) and 500 mg of aluminum wire, m smali 
pieces, to the Kjeldahl fiask, and allow to stand for 1 h, 
protected from loss of and exposure to ammonia, Distill 
35 mL, and dilute the distillate with water to 50 mL. Add 
2 mL of freshly boiled sodium hydroxide solution (1 in 10), 
mix, add 2 mL of alkaline mercu ric-potassium iodide TS, 
and again mix: the color produced is not darker than that 
of a control containing the amount of added N (as ammo- 
nium chloride) specified in the individual test procedurę. 

6.11 Phosphate in Reagents 

Standard phosphate solution: Dissoive 143.3 mg of 
dried monobasic potassium phosphate (KHzPO*) in water to 
make 1000.0 mL. This solution contains the equivaient of 
0.10 mg of phosphate (PO 4 ) in each mL. 

Phosphate REAGENT A: Dissolve 5 g of ammonium moiybdate 
in 1 N sulfuric acid to make 100 mL. 

Phosphate reagent B: Dissolve 200 mg of p-methylami- 
nophenol sulfate in 100 mL of water, and add 20 g of so¬ 
dium bisulfite. Storę this reagent in well-filled, tightly stop- 
pered bottles, and use within 1 month. 

PROCEDURĘ: [NOTĘ—The tests with the specimen and the 
control are madę preferably in matched color-comparison 
lubes.] Dis sol ve the quantity of the reagent specified in the 
test, or the residue obtained after the prescribed treatment, 
in 20 mL of water, by warming, if necessary, add 2.5 mL of 
dilute sulfuric add (1 in 7), and dilute with water to 25 mL, 
(If preferable, the test specimen or the residue may be dis- 
$olved in 25 mL of approximately 0,5 N sulFuric add.) Then 
add 1 mL each of Phosphate reagents A and 8, mix, and 
allow to stand at room temperaturę for 2 h. Compare any 
bfue color produced with that produced in a control madę 
with the same guantlties of the same reagents as in the test 


with the specimen, and a voiume of Standard phosphate so¬ 
lution equivalent to the quantity of phosphate (PCb) desig- 
nated in the reagent specificattons. 

6.12 Residue on łgnition in Reagents 

Procedurę: Unless otherwise directed, determine the res¬ 
idue on łgnition as foliows: accurately weigh 1-2 g of the 
substance to be tested in a suitable crucibie that previously 
has been ignited, coofed, and weighed. Ignite the sub¬ 
stance, gentl y and slowly at flrst and then at a morę rapid 
ratę, until it is thoroughfy charred, if organie in naturę, or 
until it is completely volatiltzed, if inorganic in naturę, if the 
use of sulfuric acid is specified, cool the crucibie, add the 
specified amount of acid, and ignite the crucibie ąently until 
fumes no ionger are evofved. Then ignite the crucibie at 
800 + 25°, cool in a suitable desiccator, and weigh. If the 
use of sulfuric acid is not specified, the crudble need not be 
cooled but tan be ignited directly at 800 ±25° once the 
charring or yofatilization is compfete. Contmue the łgnition 
untlf constant weight is attained, unless otherwise specified. 

Conduct the łgnition In a well-ventiiated hood, but pro¬ 
tected from air currents, and a t as Iow a temperaturę as Is 
possible to effeet the complete combustion of the carbon. A 
muffle furnace may be used, if desired, and its use is recom- 
mended for the finał ignrtron at 800 ±25°. 

6.13 Sulfate in Reagents 

Standard sultate solution: Dissoive 181.4 mg of potas¬ 
sium sulfate (dried at 105° for 2 h) in water to make 
1000 mL, This solution contains the equivałent of 0.10 mg 
of sulfate (S0 4 ) per mL. 

Procedurę 

Method I: Meutralize, if necessary, a solution of the 
guantity of the reagent or residue indicated in the test in 
25 ml of water, or a solution prepared as directed in the 
test, with hydrochloric acid or with ammonia TS, litmus pa- 
per being used as the indlcator, and add 1 ml of 1 N hy¬ 
drochloric acid. Filter the solution, if necessary, through a 
fiiter paper previously washed with water, and add 2 mL of 
barium chloride TS, Mix, allow to stand for 10 min, and 
compare the turbidrty, if any, with that produced in a con- 
trol containing the same guantities of the same reagents 
used in the test and a guantity of Standard sulfate solution 
equivalent to the guantity of sulfate (SO 4 ) permitted in the 
test. Adjust the two Solutions with water to the same voh 
ume before adding the barium chloride TS. 

Method II: Heat the solution to boiling, prepared as 
directed in the individual test procedurę, or the filtrate des- 
ignated in the procedurę, and add 5 mL of barium chloride 
TS. Then digest the solution on a steam bath for 2 h, and 
allow to stand overnight. if any precipitate is formed, filter 
the solution through paper, wasn the residue with hot 
water, and transfer the paper containing the residue to a 
tared crucibie. Char the paper, without burning, and ignite 
the crucibie and its contents to constant weight. Perform a 
blank determination concurrently with the test specimen de* 
termination, and subtract the weight of residue obtained 
from that obtained in the test specimen determination to 
obtain the weight of residue attributable to the sulfate con- 
tent of the specimen, 

REAGENT SPECIFICATIONS 

AbsoJute Eiher—5ee Ethyl Ether f Anhydrous , 

Absorbent Cotton—Use Purified Cotton (USP monograph). 

Acetal, C^H ]4 0 2 —118.2—Use a suitable grade. 

Acetaldehyde (Ethanal; Acetio Aldehyde), CHiCHO—44.05 
[75-07-0]—Colorless liguid. Misdble with water and with al- 
cohol. Use ACS reagent grade, 

Acetaniiicle (Phenylacetamide; Antifebrin), C s H P NO— 

135.16 [103-84-4]—White, shiny crysfals, usually in 
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scales, or a white, crystalfine powder. Is stable in air. Freely 
soluble m alcohol and in chloroform; soluble in boiling 
water, in ether, and in glycerin; slightly soluble in water. 
Melting Rance <741): between 114° and 116°. 

Reaction: its saturated solution is neutral to litmus. 

LOSS ON DRYING <731): Dry it over suffuric acid for 
2 hours: it loses not morę than 0,5% of its weight. 

Residue on iGNmON (Reagent test): not morę than 
0*05%. 

Acetic Acid (6 N Acetic Ac/dJ—Use Acetic Acid (NF mono- 
graph) or prepare a suitable dilution of glacial acetic acid in 
sucn a way as to obtain a finał concentration of acetic acid 
between 36.0% and 37.0%, by weight. 

Acetic Acid, Diluted (1 N Acetic Add)— Dilute 60.0 mL of 
glacial acetic acid with water to make 1000 ml. 

Residue on Evaforation: Evaporate 50 mL on a steam 
bath, and dry the residue at 105° for 2 hours: the residue 
weighs not morę than 1 mg ( 0 . 002 %), 

CHLORtDE (Reagent test): Five mL shows not morę than 
0.01 mg of Cl (2 ppm). 

Sulfate (Reagent test, Method /): Ten mL shows not morę 
than 0.5 mg of SO* (50 ppm). 

Heaw Metals (Reagent test): Evaporate 20 mL on a 
steam bath to dryness, Add to the residue 2 mL of the 
add, dilute with water to 25 ml, and add 10 mL of hydro- 
gen sulfide TS: any brown color produced is not darker 
than that of a control containing 0.04 mg of added Pb 
and 2 mL of the diluted acetic add (2 ppm). 

Acetic Acid, Glacial, CHjCOOH—60.05 [64-19-7]—Use 

ACS reagent grade. 

Acetic Anhydride (Acetic Oxide; Acetyl Oxide), 

CCH 3 C0) 2 0— 102.09 [108-24-7]—Use ACS reagent 

grade. 

Acetone (Propanone; Dimethylformaldehyde), CH 3 COCH:— 
58.08 [67-644 ]—Use ACS reagent grade. 

[Notę— For UV spectrophotometric determmations, use 
ACS reagent grade Acetone Suitable for Use in UV 
Spectrophotometry.] 

Acetone, Anhydrous, CH 1 CGCH 1 —58,08—Use ACS reagent 
grade Acetone. 

Acetone, Neutrafized—To a suitable guantity of acetone 
add 2 or 3 drops of phenolphthaiein TS and a sufficient 
amount of 0.02 or 0.01 N sodium hydroxide to produte a 
falnt pink color, Prepare neutralized acetone just prior to 
use. 

Acetonitrile (Methyf Cyanide; Cyanomethane% CFhCN— 
41.05 [75-05-8]—Use ACS reagent grade. 

Acetonitrile, Spectrophotometric—Use ACS reagent grade, 
which meets also the reąuirements of the following test 
SPECTRAi Purity: Measure in a 1 -cm celi between 250 nm 
and 280 nm, with a suitable spec trop h otom eter, against 
air as the blank: its absorbance is not morę than 0 . 01 . 

Acetophenone (Phenyfethanone; Phenyl Methyt Ketone), 

CHjCOCsHs—120.15 [98-86-2]—Liguid. Slightly soluble 

in water, freely soluble In alcohol and in ether. 

MELTING RANGĘ <741); between 19 Q and 20°. 

Refractive !ndex (831): about 1,534 at 20°. 

Specific Giuwity (841): about 1.03. 

p-Acetotoluidide, C*HnNO—149.19 [1 03-89-9]—White 

Eo off-white powder, 

AssAY: Inject an appropriate volume Into a gas chroma to- 
graph (see Chromatography (621)) eguipped with a fłame- 


ionization detector, helium being used as the carrier gas, 
The following conditions have been found suitable: a 0,25- 
mm x 30-m capillary column coated with a 1 -pm layer of 
phase G 2 ; the injection port temperaturę is maintained at 
230°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is maintained at 130° and pro- 
grammed to rise 10° per minutę to 280 D , The area of the 
CsHuNO peak is not (ess than 98,5% of the total peak 
area. 

MELTING Rance <741): between 145° and 151*. 

Acety lace tonę (2,4-Pentanedione; Diacetylmethane), 
QHa0 2 —100.12 [123-54-6]—Clear, colorless to slightly 

yeilow, flammable Jiquid. Soluble in water; miscible with al¬ 
cohol, with chloroform, with acetone, with ether, and with 
glacial acetic acid. 

ASSAY: Not less than 98% of C 5 He0 2 , a suitable gas chro- 
matograph eguipped with a flame-ionization detector be¬ 
ing used and helium being used as the carrier gas. The 
following conditions have been found suitable: a 3-mm x 
1.83-m stainless Steel column containing 10% phase G43 
on support 51 A; the injection port and detector tempera- 
tures are maintained at 250 a and 310°, respectively; the 
column temperaturę Is programmed to rise 8 ° per minutę, 
from 50° to 220*. 

REFRACTiVE lNDEX <831): between 1.45D5 and 1.4525, at 
20 °. 

Acetyl Chioride, CHjCOCI—78.50 [75-36-5]—Ciear, col¬ 

orless iiguid. Is decomposed by water and by alcohol. Misci- 
ble with benzene and with chloroform. Use ACS reagent 
grade. 

SPECIFIC CRAV!TY (841): about 1.1. 

Acetylcholine Chioride (Trimethylethanaminium Chioride; 
Acecofine), [CH 3 COOCH 2 CH 2 N(CH 3 ) 3 ]a^l 81.66 
[60-31-1]—White, crystalline powder. Very deiiquescent; 
very soluble in water; freely soluble in alcohol. 

MELTiNG RANGĘ <741): When previously dried at 110° in a 
capillary tubę for 1 hour, it melts between 149 D and 152 fl . 
REACTION: A solution {1 in 10) is neutral to litmus. 

Residue on Ignition (Reagent test): negligible, from 
200 mg. 

SOLUBILITY IN ALCOHOL: A solution of 500 mg in 5 mL of 
alcohol is complete and colorless. 

Percent of Acetyl (CH 3 CO): Weigh accurateiy about 
400 mg, previously dried at 105° lor 3 hours, and disso!ve 
in 15 ml of water in a glass-stoppered conical fiask. Add 
40,0 ml of 0,1 N sodium hydroxide VS, and heat on a 
steam bath for 30 mlnutes. Insert the stopper, allow to 
cooJ, add phenolphthaiein TS, and titrate the excess a łkali 
with 0.1 N sulfunc acid VS. Determine the exact normality 
of the 0.1 N sodium hydroxide by titratlng 40.0 ml after it 
has been treated in the same manner as in the test, Each 
mL of 0.1 N sodium hydroxide is equiva!ent to 4,305 mg 
of CH 3 CO. Between 23.2% and 24.2% is found. 

Percent of Chlorine (Cl>; Weigh accurateiy about 
400 mg, previously dried at 105° for 3 hours, and dissolve 
in 50 mL of water in a glass-stoppered, 125-mL fiask. Add 
with agitation 30.0 mL of 0.1 N silver nitrate V5, then add 
5 mL of nitric add and 5 mL of nitrobenzene, shake, add 
2 ml of ferric ammonium sulfate TS, and titrate the excess 
silver nitrate with 0,1 N ammonium thiocyanate VS: each 
mL of 0.1 N silver nitrate is equrvalent to 3.545 mg of Cl. 
Between 19.3% and 19.8% of Cl is found. 

3-Acetylthio-2-methylpropanoic Acid, C 5 H 10 O 3 S—162,21— 
Use a suitable grade. 

[Notę—A suitable grade is availab!e as j3-(Acetyimer- 
capto)isobutyric Add, catalog number 39059, from Senn 
Chemicals AG www.sennchem.com.] 
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N-Acetyl-Ł-tyrosIne Ethyl Ester, CnHi?N0 4 —251,28—De- 
termine the suitability of the materiał as directed in the As¬ 
say u nd e r Chym otrypsin (U 5 P m o n og ra p h) * 

Acryllc Acid (2-Propenoic Acid; Vinylformic Acid), C 3 H 4 0z— 
72.06 [79-10-7]—Colorless liguid. Miscible with water, 

with alcohol, and with ether. 

ASSAY: Inject an appropriate specimen into a gas chro- 
matograpn (see Chromotography equipped with a 

flame-ionization detecfor, "helium being used as the carrier 
gas. The foliowing conditions have been found suitabfe: a 
0.25-mm x 30-m capillary column coated with a 1-jam 
layer of phase C2; the injection port temperaturę is mafn- 
tained at 150°; the deteetor temperaturę is maintained at 
300°; and the column temperaturę is maintained at 50° 
and programmed to rise 10° per minutę to 200°. The area 
of the CjH^Oa peak is not less than 99% of the total peak 
area, 

REFRAOWE Index (831): between 1.41 9° and 1.423° at 
20°. 

Activated Alumina—See Alumina , Activated . 

Activated Charcoal—See Charcoal Activated. 

Activated Magnesium Silicate-— See Mognesium Sitko te f Ac - 
tivated. 

Adama ntane, C ia H u —1 36,23 [281 -23-2] 

Meltinc Rance (741): between 270° and 271°. 

Adenine Sulfate, (CsHsNsJi * H.SCh ■ 2H 2 0—40436— 1 White 
crystais or crystalfine powder, Melts, after drying at 11 0 D , at 
about 200° with sorne decomposition. One g cfissolves in 
about 160 mL of water; less soluble in alcohol, Soluble in 
sdutions of sodium hydroxtde. It is not precipitated from 
soiution by iodine TS or mercuric-potassium lodide TS, but a 
precipitate is produced with trinitrophenol TS, 

RESIDUE ON ICNITION (Reagent test): negltgible, from 
100 mg, 

Water: Dry it at 105° to constant weight: it loses not 
morę than 10,0% of its weight, 

Adipic Acid (Hexonedioic Acid; 1,4-8utanedicorboxylic Acid), 
CńHi 0 O 4 — 146,14 [124-04-9]—Colorless to white, crystał- 

iine powder. Slightly soluble in water and in cyclohexane; 
soluble in alcohol, in methanol, and in acetone; practically 
insoluble in benzene and in petroleum benzin. 

Assay: Weigh accurateiy about 0.3 g, and dissolve in 
50 mL of alcohol. Add 25 mL of water, mix, and titrate 
with 0.5 N sodium hydroxide VS to a pH of 9,5, Perform a 
blank determination, and make any necessary correction. 
Each mL of 0,5 N sodium hydroxide is equivalent to 
36.54 mg of CóH i0 O4. Not less than 98% is found. 

Meltinc Rance (741): between 151° and 155° but the 
rangę between beginning and end of melting does not 
exceed 2°. 

Agar—Use Agor(NF monograph). When used for bacterio- 
logical purposes, it is to be dried to a water eon tent of not 
morę than 20%. 

Agarose [9012-36-6]—Polysaccharide consisting of 1,3- 
linked /?-D-galactapyranose and 1,4-Iinked 3,6-anhydro-a-L- 
galactopyranose. Use a suitabfe grade, 

Air-Helium Certified Standard—A mixture of 1.0% alr In 
industrial grade helium. It is availabie from most suppliers of 
spedalty gases. 

Albumin 8ovine Serum [9048-46-8]—Almost colorless to 
faintiy yellow powder. Not less than 95% pure. Solubility, 

40 mg in 1 mL of water, Molecular weight is approximately 
66,000, Use a suEtable grade. Storę between 2° and 8°, 


Alcohol, Ethanol, Ethyl Alcohol C 2 H 5 OH^I6,07 
[64-1 7-5]—Use a suitabie grade with a content of NLT 
92,3% and NMT 93.8%, by weight, corresponding to NLT 
94,9% and NMT 96% by volume, at 15.56°, 

Alcohol, 70 Percent, 80 Percent, and 90 Percent—Prepare 
by mtxing alcohol and water in the proportions given, the 
measurements being madę at 25°, 




Relatlve Proportions 


Percent by 
Volum« of 
CiHiOH at 
15,56° 

Specific 
Craylty 
at 25 

Alcohol, 

mL 

Water, 

mL 

Volume In 
mL of 
Alcohol, 
94,9% v/v, 
Reąuired 
for 100 mL 

70 

0.884 

38.ó 

15 

73.7 

BO 

0.857 

45.5 

9.5 

84.3 

90 

0.827 

51 

3 

94,8 


The proportions of alcohol and water taken to prepare 
these or any other percentage (v/v) Solutions may be deter- 
mined as foliows. Calcufate the amount, in mL, of water to 
be mixed with 100 mL of alcohol taken by the formula: 

[94,9(d/c) - 0.8096]] 00 

tn which 94.9 is the percentage (v/v) of C2H5GH in alcohol, 
0.8096 is the speciftc gravity of 94.9% alcohol, d is the 
specific gravity, obtained from the Alcoholometric Table (see 
Reference Tabfes), of the soiution contalning c% (v/v) of 
CaH^OH, and 100 Is the volume, in mL, or alcohol taken. 

Alcohol, Absoiute, C2H5OH—46,07—Use AC5 reagent 
grade Ethyl Alcohol, Absoiute. 

Alcohol, Aldehyde-free—Dissofve 2.5 g of lead acetale in 
5 mL of water, add the soiution to 1000 ml of alcohol eon- 
tained in a glass-stoppered bottle, and mix. Dtssolve 5 g of 
potassium hydroxtde In 25 mL of warm aicohol, cool the 
soiution, and add it slowly, without stirring, to the alcohol 
soiution of lead acetale, After 1 hour shake the mixture vig- 
orously, aliow it to stand overniqht, decant the elear fiquid, 
and recover the alcohol by distiffation. 

Alcohol, Amyl—See Amyl Alcohol. 

Alcohol, Dehydrated (Absoiute Alcohol), C2H5OH-—46.07— 
Use ACS reagent grade Ethyl Alcohol, Absoiute. 

Alcohol, Dehydrated Isopropyl—See Isopropyl Alcohol , De - 
hydrated, 

Alcohol, Denaturated: It is ethyl alcohol to which has 
been added some substance or substances which, whife ab 
lowing the use of the alcohol m most applications, renders 
it entirely unfit for consumption as a beverage. The most 
common denaturants used, either alone or in combination, 
are the foliowing: methanol, camphor, aldehol, amyl ateo- 
hol, gasoline, isopropanol, terpineol, benzene, castor oil, ac¬ 
etone, nicotine, anilinę dyes, ether, cadmium iodide, pyri- 
dine bases, suifuric acid, kerosene, and diethyl phthalate. 

Use a suitabie grade. 

Alcohol, Oiluted—Use Diluted Alcohol (NF monograph), 
Alcohol, Isobutyl—See Isobutyl Alcohol 
Alcohol, Isopropyl—See Isopropyl Alcohol 
Alcohol, Methyl—See Methanol 

Alcohol, Neutralized—To a suitabie guantity of alcohol add 
2 or 3 drops of phenolphthalein TS and just sufficient 
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0-02 N or 0,1 N sodium hydroxide to produce a faint pink 
color. Prepare neutralized alcohol just prior to use. 

Alcohol, n-Propyl—See n-Propyl Alcohol. 

Alcohol, Seeandary Butyl—See Butyl AlcohoL Secondary. 

Alcohol, Tertiary Butyl—See Butyl AlcoholTertiory. 

Aldehyde Dehydrogenase—A white powder. One mg con- 
tains not less than 2 enzyme activity units. 

Assay; Transfer about 20 mg, accurately weighed, to a 
200-mL volumetric fiask, dissolve in 1 mL of water, dilute 
with an ice-cold solution of bovine serum albumin (1 in 
100) to volume, and mix. Use this solution as the Assay 
preparation . Dissolve 3.3 g of potassfum pyrophosphate, 

15 mg of dithiothreitol, and 40 mg of edetate disodium in 
70 mL of water, adjust with citric add monohydrate solu¬ 
tion ( 2*1 in 10) to a pH of 9.0 ± 0.1, dilute with water to 
lOOmL, and mix to obtain a pH 9.0 buffen Dtssolve an 
accurately weighed quantity of /Inicotinamide adenine 
dinucleotide (/J-NAD) in water to obtain a p-NAD solution 
having a known concentration of about 20 mg per mL* 
Pipet 0,1 mL of the Assay preparation into a 1-cm speotro- 
noEometric cefl. Pipet 0.1 mL of water into a second 
-cm spectrophotometric celi to provide the reagent 
blank, Add 2.5 mL of pH 9.0 buffer, 0*2 mL of p-NAD solu¬ 
tion , and 0.1 ml of pyrazole solution ( 0.68 in 100 ) to each 
celi, and mix. Stopper the cells, and altów Lo stand for 
2 minutes at 25 + 1°. Add 0.01 mL of acetaldehyde solu¬ 
tion (0*3 in 100) to each celi, and mix. Stopper the cells, 
and determine the absorbance of the solution obtained 
from the Assay preparation at a wavelength of 340 nm, 
using the solution obtained from the reagent blank as the 
reference. Calculate the change, dA, in absorbance per 
minutę for the solution obtained from the Assay prepara¬ 
tion f starting at the point when the absorbance and tlrne 
relationship becomes linear. One enzyme activity unit is 
defined as the amount of enzyme that oxidizes 1 [imol of 
acetaldehyde per minutę when the test ls conducted 
under the conditions deschbed herein. Calculate the en¬ 
zyme activity units in each mg of aldehyde dehydrogenase 
taken by the formula: 

[(2.91 )(200)/(6.3)(0.1)(1000)] (AA/W) 

in which AA is as defined above and W is the weight, In g, 
of aldehyde dehydrogenase taken* 

Alizarm Comp!exone (Alizarin-3-methyliminodiacetk Add; 
AUzarin Fluońne Blue), CijHuNOs—385.32 [3952*78-1]— 

Use a suitable grade. 

Al kalinę Phosphatase Enzyme—See Phosphotase Enzyme ; 
Alka linę. 

Alkylphenoxypolyethoxyethanol—A non łonie surfactant. 
Use a suitable grade. 

[NOTĘ—A suitable grade is availahle commercially as " rl- 
ton X-100" from Sigma-Aidrich, www.sigma-aldrich.com.] 

Afpha-Chymotrypsin—25 kDa [9004-07-3]—Use a suita¬ 

ble salt-free grade for protein seguencing. 

[Notę —A suitable grade is available as catalog number 
4423 from www.sigma-aJdrich.com,] 

Alpha-Cyclodextnn Hydrate (Alpha-Schardinger Dextrin; 
Cydohexaamyiose). C^Hg 0 0 3 o* xH?0 [51211 -51-9]—Use a 
suitable gracie with a content of NLT 98%. 

[Notę—A suitable grade is available as catalog number 
22729 from www.acros.com.] 

Alpha-{2-(methylarnino)ethyl)benzyl alcohol—Use-a suita¬ 
ble grade. 


Alphanaphthol—See 1 - Naphthoi 

AlprenoloJ Hydrochloride, C 1 SH 23 NO 1 * HCI—285.8 
[13707-88-5]—Use a suitable grade, 

Alum (Ammonium Alum, Aluminum Ammonium Sulfate% 
AINR^SOOa * 1 2 H 2 O—453,33 [7784-26-1 ]—Large, color- 

less crystals or crystalline fragments or a white powder. Sol- 
uble in 7 parts of water and in about 0.5 part of boiling 
water; insoluble in alcohol Use ACS reagent grade. 

Ammonium Alum—See Alum , 

Alumina—See Aluminum Oxide t Acid-woshed . 

AJumina, Activafed (Aiuminum Qxide) t [1344-28-1]—Use a 
suitable grade. 

Alumina, Anhydrous (Aluminum Oxide; Alumina spedally 
prepared for use in chromatographic analysis) [1344-28-1 ]—A 
white or practkally white powder, 80- to 200 -mesh. It does 
not soften, sweII, or decompose in water. It is not add- 
washed. Storę it in well-dosed containers. 

Aluminon (Aurin Trkarboxylic Add t [tń]Ammonium Salt), 

C 22 HN jOfl—473 *43 [569-58*4]—Yellowish-brown, glassy 

powder. Freely soluble in water. Use ACS reagent grade. 

Aluminum, Al—At. Wt, 26.98154 [7429-90-5]—Use ACS 

reagent grade, which also meets the requirements of the 
following test. 

Arsenic; Place 750 mg in a generator bottle (see Arsenie 
in Reagents under General Tests for Reagents ), omitting the 
pledget of cotton. Add 10 mL of water and 10 mL of so¬ 
dium hydroxide solution (3 in 10), and allow the reaction 
to proceed for 30 minutes: not morę than a barely percep- 
tible stain is produced on the mercuric bromlde test paper. 

Aluminum Oxide, Acid-Washed (Alumina specialfy prepared 
for use in chromatographic analysis) [1344-28*1]—White or 
practically white powder or fine granules. Very hygroscopic. 
Storę in tight containers. 

pH of Slurry: The pH of a well-mixed slurry of 5 g in 
150 mL of ammonia-free and carbon dioxide-free water, 
after 10 minutes' standing, is between 3.5 and 4.5. 

Loss ON Ignition: Welgh accurately about 1 g, and igntte, 
preferably in a muffle furnace at 800° to 825°, to constant 
welght: it loses not morę than 5,0% of its weight. 

Silica: Fuse 500 mg with 10 g of potassium bisulfate for 
1 hour in a platinum crucible, cool, and dissolve in hot 
water: not morę than a smali amount of insoluble matter 
remains, 

SUiTABIUTY FOR CHROMATOGRAPHIC AOSORPTION: DiSSOke 
50 mg of o-nitroanillne in benzene to make 50.0 mL. Dl 
lute 10 ml of the resulting solution with benzene to 
100.0 mL, and mix (Solution A). 

Weigh quickly about 2 (±0.005) g of specimen in a 
glass-stoppered weighing bottle, and rapidly transfer it to 
a dry, glass-stoppered test Lube. Add 20.0 mL of Solution 

A, insert the stopper, shake vigorously for 3 minutes, and 
allow to settle. 

Pipet 10 mL of the dear supernatant into a 100-mL vol- 
umetric fiask, dilute with benzene to volume, and mix {So- 
tution B). 

Determine Lhe absorbances of Solutions A and B at 395 
nm, with a suitable spectrophotometer, using benzene as 
the blank. Calculate the guantity, In mg, adsorbed per g 
of test specimen by the formula: 

[2(1 - As/A0]/W 

in which A a and A b are the absorbances of Solutions A and 

B , respectiyely; and W is the weight, in g, of the aluminum 
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oxide. Not less than 03 mg of o-nitroaniline is adsorbed 
for each g of the aluminum oxide, 

Aluminum Potassium Sulfate, AIK(S0 4 )*■ 12H 2 0—47439 
[10042-67-1 ]—Use ACS reagent grade. 

Amara nth, C^oHnN^NaiOioS^—604.48 [915-67-3]—A 

deep brown or dark reddish-brown flne powder. Use a suita- 
ble grade. 

Aminoacetic Acid (Glydne), NHzCH 2 COOH—75.07 
[56-40-6]—White, crystalline po wder. Very solu ble in water; 
slightly soluble in alcohol. 

Nitrogen CONTiNT (Reagent test): Determine by the 
Kjeldahl method, using a test specimen previously dried at 
105° for 2 hours: between 18.4% and 18.8% of N is 
found, corresponding to not less than 98,5% of GH*N 0 2 . 
Insoluble Matter (Reagent test): not morę than 1 mg, 
from 10 g ( 0 . 01 %). 

Residue on Ignition (Reagent test): not morę than 
0,05%. 

Chloride (Reagent test): One g shows not morę than 
03 mg of Cl (0.01%). 

Sulfate (Reagent test, Method f): Iwo g shows not morę 
than 03 mg of S0 4 (0.005%), 

Heaw Metals (Reagent test): 0.001%, 5 mL of 1 N Iw- 
drochloric acld VS being used to addify the solution or the 
test specimen. 

Iron (241): One g, dissolved in 47 mL of water contain- 
ing 3 mL of hydrochloric add, shows not morę than 
0.01 mg of Fe ( 0 . 001 %). 

4-Aminoantipyrine, CnH n N 3 0— 203.24 [83-07-8]— 

Light yellow, crystalline powder. A 500-mg portion dissolves 
completely in 30 mL of water and yields a elear solution. 
Melting Rance (741): between 108° and 110°. 

p-Aminobenzoic Acid—See Paro-ominobenzok Add , 

2-Aminobenzonitrfle (Anthmnilonitrife), C 7 H 0 N 2 —11834 
[1885-29-6]—Use 2-Aminobenzonitrile 98%. 

Melting Rance (741): between 49° and 52°. 

4-Amino-6-chloro-1,3-benzenedisulfonamide, 

C ń H 6 CIN 3 O 4 S 2 —285.73 [121-30-2]—White powder. InsoT 

uble in water and in chloroform; soluble in ammonia T5. 
Residue on Ignition (Reagent test): not morę than 2 mg 
from 2 g ( 0 . 1 %). 

Absorbance: A 1 in 200,000 solution in methanoi exhlbltS 
absorbance maxima at about 223 nm, 265 nm, and 312 
nm« Its absorptivity (see Ultraviolet-Vi$ible Spectroscopy 
(857)) at 265 nm is about 64,0. 

4-Amino-2 chlorobenzoic Acid, C 6 H a CI(NH 2 )(COOH)“ 
171,58 [2457-76-3]—White crystals or white, crystalline 

powder, 

Melting Rangę (741): between 208 ł and 212°. 

2-Amino-5-ehlorobenzophenone, CiHjdCINO —231.68 
[719-59-5]—Use USP 2*Amino-5-chlorobenzophenone RS. 

7-Aminodesacetoxycephalosporanic Acid, Cal-hoNzOjS— 
214,2—Light yellow powder, 

GRDINARY IMBURITIES (466) 

Test solution: 1 N ammonium hydrox!de 
Standard solution: 1 N ammonium hydroxide 
Eluant: 0.5 N sodium chloride 
Visualization: 1 

2-AminoethyI Diphenylborinate—See Diphenylborink Add t 
Ethanolamine Ester. 


1- (2-Aminoethyl)piperazine, C^Hi?Na—129,20 
[140-31-8]—Viscous, colorless liquld. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) equipped with 
a flame-ionization detector, helium being used as the car- 
rier gas. The following conditions have been found suita- 
ble: a 0.25-mm x 30-m capillary column coated with G2. 
The injection port temperaturę is maintained at 280°; the 
column temperaturę is maintained at 180° and pro- 
□rammed to rise 10 D per minutę to 280° and hefd there 
lor 1 0 minutes, The detector temperaturę is maintained at 
300°. The area of the main peak is not less than 97% of 
the total peak area, 

Refractive Indix (831): between 1.4978 and 1.5010 at 
20 °. 

Aminoguanidtne Bicarbonate (Aminoguanidine Hydrogen 
Carbonate), CH t ,N 4 ■ H 2 CO 3 —13631 [2582-30-1 ]—White 

powder. 

Assay: Dissolve about 34 mg, accurately weighed, in 
50 mL of glacial acetic acid. Titrate with 03 N perchloric 
acid V5, determining the endpoint potentiometrically, Per- 
form a blank determination, and make any necessary cor- 
rections, Each mL of 03 N perchloric adef is equivalent to 
1 3.61 mg of CH Ć N 4 ■ H 2 COs. Not less than 98.5% is found. 
Melting Point (741): about 170°, with decomposition. 

2- Ammoheptane (2-Heptylamine; 1 -Methylhexylamine), 

C 7 H 17 N—115.22 [123-82-0]—Use a suitable grade with a 

content of not less than 99%. 

N- Am i n o h exa m e thy I e n e i m i n e (N-Am in ohomopperidine, 

1 -Aminohomopiperiaine), GHuN,?—11439 [5906-35-4]— 

Colorless fiquid, 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) eguipped with 
a flame-ionization detector, helium being used as the car- 
rier gas. The following conditions have been found suita¬ 
ble: a 0.25-mm x 30-m capillary column coated with G2. 
The injection port temperaturę is maintained at 180 Q ; the 
column temperaturę is maintained at 80° and pro- 
grammed to rise 10 C per minutę to 230° and then main- 
tained at 230° for 5 minutes. The detector temperaturę is 
maintained at 300*. The area of the main peak is not less 
than 95% of the total peak area. 

Refractive !ndex (831): between 1.4840 and 1.4860 at 
20 °. 

4-Amino-3-hydroxy-l-naphthalenesulfonrc Acid (7,2, 

4 -Aminonaph tholsulfonic A dd; 1 - Amino-2 - naphth o/-4 -s ul fonie 
Add), Cr fl H 9 N0 4 S—239.25 [116-63-2]—Light purple 

powder, Use ACS reagent grade. 

1,2,4-Aminonapbtholsuffonic Acid: See 4-Amino-3-hy- 
droxy-l-naphthalenesulfomc Add, 

2-Aminophenol (o-Aminophenol; 2-Hydroxyaniime) t 
C^HzNO—109.13 [95-55-6]—Off-white powder. Use a 

suitable grade with a content of not less than 99%. 

m-Aminophenol (3-Amina-l-Hydroxybenzene), CZELNO— 
109.13 [591-27-5]—Cream-colored to pale yellow flakes. 

Sparingly soluble in cold water; freely soluble in hot water, 
in alconol, and in ether. 

Assay: Dissolve about 1.5 g, accurately weighed, in about 
400 mL of water in a 500-mL volumetric fiask, dilute with 
water to volume, and mjx. Transfer 25.0 mL of this solu¬ 
tion to an iodine fiask, add 50.0 mL of 03 N bromine V5, 
dilute with 50 ml of water, add 5 mL of hydrochloric acid, 
and immediately insert the stopper in the fiask. Shake for 
1 minutę, a!Iow to stand for 2 minutes, and add 5 mL of 
potassium iodide T5 through the slightly loosened stopper. 
Shake thoroughly, allow to stand for 5 minutes, remoye 
the stopper, and rinse it and the neck of the fiask with 
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20 mL of water, addińg the rlnsing to the fiask, TItrate the 
llberated iodine wkh 0.1 N sodium thiosulfate VS, addina 

3 ml of starch TS as the endpoint is approached. From the 
volume of 0.1 N sodium thiosulfate used, cakulate the vol- 
ume, in mL, of 0.1 N bromine consumed by the test spec- 
imen. Eaeh mL of OJ N bromtne is equivalent to 

1.819 mg of C 6 H 7 NO: not less than 99.5% is found. 
Meltinc Rance (741): between 121° and 123°* 

Loss on Drying (731): Dry it over calcium chloride for 

4 hours: the loss in weight is negligible, 

Residue on Icnition (Reagent test): negligible, from 2g, 

p-Ammophenol (p-HydroxyaniHne) t C*H ? NO—109,13 
[123-30-8]—Fine, yellowish, crystalline powder, Slightly sol- 
uble in water and in alcohol. Use a sultable grade with a 
content of not less than 99%. 

3-Amino-l-propanol, H 2 N(CHz) 30 H—75J 1 
[156-87-6]—Liguid, 

BoiiiNG Rangę (Reagent test): between 184° and 188°, 
Refractjve Index (831): between 1.461 and 1.463 at 20°. 

3-Ammopropionic Add (p-Alanine), NHzCHzCHzCOOH— 
89.09 [107-95-9]—Use a suitable grade. 

3-Arninosalicylic Add, CzHrNOi—153.14 [570-23-0]— 

Tan-grey powder. Use a suitable grade with a content or not 
less than 97%. 

Ammonra Detector Tubę—A fuse-sealed glass tubę so de- 
signed that gas may be passed through it and containing 
suitable absorbing filters and support media for the indica- 
tor bromophenol blue. 

Measurjng Rance: 5 to 70 ppm. 

[Notę—A vailable from Draeger Safety, Inc., 
www.draeger.com, or from Gastec Corp., www.gastecco, 
jp, distributed in the USA by www.nextteq.cam.J 

Ammonra Solution, Diluted—Use Ammonia TS. 

Ammonia Water, 25 Percent [1336-21-6]—Use a suitable 
grade. 

Ammonia Water, Stronger (Ammonium Hydroxide)— 

|1 336-21-6]—Use ACS reagent grade Ammontum Hydrox- 
ide. 

Ammonium Acetate, NfiiCzhbOz—77,08 [631-61-8]— 

Use ACS reagent grade. 

Ammonium Bkarbonate (Ammonium Hydrogen Carbonote) t 
NH^HCOj—79.06 [1066-33-7]—Use a suitabie grade with 

a content of NLT 99,0%. 

Ammonium Bisu If a te (Ammonium Hydrogen Sulfate) f 
NH^H 504 —115 J1 [7803-63-61—White crystals. Freely 

soluble in water; practically insoluble in alcohol, in acetone, 
and in pyridine. 

Assay: Dis$olve about 300 mg, accurately weighed, in 
50 mL of a mixture of water and alcohol (25:25). Titrare 
with 0.1 N sodium hydroxide VS, determining the 
endpoint potentiometrically. Perform a blank determina- 
tion and make any necessary correction. Each mL of 0,1 N 
sodium hydroxide is equivaJent to 11,51 mg of NH 4 HSO 1 , 
Not less than 98% is found, 

Ammonium Bromrde, NH 4 Br—97.94 [12124-97-9]—Use 

ACS reagent grade. 

Ammonium Carhonate (Hortshom Salt) [506-87-6]—Use 
ACS reagent grade. 

Ammonium Chloride (Salmiac), NH 4 CI—53.49 
[12125-02-9]—Use ACS reagent grade. 


Ammonium Ci tratę, Dibasic (Citrk Acid Diommonium Salt), 
(NH4zHC b H$ 07 —226.18 [3012-65-5]—Use ACS reagent 
grade, 

Ammonium Di hydrogen Phosphate—See Ammonium Phos¬ 
phate , Monobasic. 

Ammonium Fluoride, NhbF—37,04 [12125-01-8]—Use 

ACS reagent grade. 

Ammonium For ma te (Formie Acid Ammonium Salt), 
CH^NOp—63.06 [540-69-2]—Use a suitable grade. 

Ammonium Hydroxide (Ammonium Aąueous ), 

[1336-21 -6]—Use ACS reagent grade. 

Ammonium Hydroxide, 6 N: Preparę by diluting 400 mL 
of Ammonia Water, Stronger (see Reagents section) with 
water to make 1000 ml, 

Ammonium Molybdate, (NH.iJaMo^Oz*!* 4HzO—1235.86 
[12054-85-2]—Use ACS reagent grade. 

Ammonium Nitrate, NH4NO3 —80.04 [6484-52-2}—Use 

ACS reagent grade. 

Ammonium Oxalate, (NH^jCzOi * HzO—142,11 
[6009-70-7]—Use ACS reagent grade. 

Ammonium Persulfate (Ammonium Peroxydisulfate) t 
(NH^SjGa—228.20 [7727-54-0]—Use ACS reagent 

grade Ammonium Peroxydisulfate. 

Ammonium Phosphate, Dibasic (Diommonium Hydrogen 
Phosphate), (NhhJzHPO*—'132,06 [7783-28-0]—Use ACS 

reagent grade. 

Ammontum Phosphate, Monobasic (Ammonium 
Dihydrogen Phosphate), NH 4 H 2 PO 4 —115,03 
[7722-76-1]—Use ACS reagent grade. 

Ammonium Pyrrolidinedithiocarbamate (1-pyrrolidine* 
carbodithioic acid, ammonium salt), CsHuNzSr—164,29 
[5108-96-3]—Use a suitable grade. 

Ammonium Reineckate (Reinecke Soft), NH 4 
[Cr(NH 3 )z(SCN) 4 ] * H 2 0 —354.44 11 3573-16-5]—Dark red 

crystals or red, crystalline powder. Moderately soluble in 
cold water; morę soluble in hot water. Gradually decom- 
poses in solution, 

$ENSmvENESS: Dissolve 50 mg in 10 mL of water. Add 
0.2 mL of the solution to 1 mL of a solution of 10 mg of 
cholinę chloride in 20 ml of water, and shake gently: a 
distinct precipitate forms within 5 to 10 seconds. 

Ammonium Sulfamate, Nh^OSOzINHz—114.13 
[7773-06-0]—Use ACS reagent grade. 

Ammonium Sulfate, (NHOzSO*—132J4 [7783-20-2]— 

Use ACS reagent grade. 

Ammonium Thiocyanate (Ammonium Rhodanide) f 
NH 4 ŚCN—76.12 [1762-95-4]—Use ACS reagent grade. 

Ammonium Yanadate (Ammonium Metavanadate), 

NHjVO 3 —116.98 [7803-55-6]—White, crystalline pow¬ 

der, Slightly soluble in cold water; soluble in hot water and 
in dilute ammonia TS. 

Assay: Weigh accurately about 500 mg, transfer to a suit¬ 
able Container, add 30 mL of water and 2 mL of dilute 
sulfuric acid (1 in 4), swirl to dissoive, and pass sulfur diox- 
ide gas through the solution until reduction is complete 
and the solution is bright blue in color. Boil gently while 
passing a stream of carbon d!oxide through the solution to 
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remove any excess sulfur dioxide, then eool, and titrate 
with OJ N potassium permanganate VS. Each mL of 0.1 N 
potassium permanganate consumed is equivalent to 
11.7 mg of NH^Gi* Not less than 98,0% is found. 
Solubiuty IN Ammonium Hydroxide: Dissolve 1 g in a 
mfoture of 3 mL of ammonium hydroxtde and 50 ml of 
warm water: the solution is elear and coloriess. 

Carbonate: To 500 mg add 1 mL of water and 2 ml of 
diluted hydroehloric acia: no efferveseence is produced. 
Chłoride: Dissolve 250 mg in 40 mL of hot water, add 
2 mL of nitric acid, and aJlow to stand for 1 hour. Filter, 
and to the fiitrate add 0.5 mL of $ilver nitrate IS: any tur- 
bidity produced does not exceed that of a blank contain- 
ing 0.5 mg of added Cl (0,2%). 

Sulfate: Dissolve 500 mg in 50 mL of hot water, and add 
2 mL of diluted hydroehloric add and 1,5 g of hydroxyla- 
mine hydrodiloride. Heat at 60° for 3 minutes, filter, cool, 
and add to the fiitrate 2 mL of barium chłoride TS: no 
turbidity or precipitate is produced within 30 minutes. 

Amyl Acetale (Pentyl Acetale), CH^CCbOHn^—lBOJS 
[628-63-7]—Use a suitable grade with a content of NLT 
99%, 

Amyl Alcohol (Isoomyl Alcohol), Cs Hu OH—88.15 
[123-51-3]—Use ACS reagent grade Isopentyl AlcohoL 

te/f-Amyl Akohol, C 5 Hi?0—88,15 [75-85-4]“Clear, col- 

orless, flammable, volatile figuid. 

Specific Crayity (841): about 0,81. 

Boiling Rance (Reagent test): not less than 95%, be- 
tween 100° and 1Q3 a , 

Residue on Evaporation: Eyaporate 50 mL (40 g) on a 
steam bath, and dry at 105° for 1 hour: the resiaue weighs 
not morę than 1.6 mg (0.004%). 

Acios and Esters: Difute 20 mL with 20 mL of alcohol, 
add 5,0 ml. of 0,1 N sodium hydroxide V5, and refiux gen- 
tly for 10 minutes, Cool, add 2 drops of phenolphthalein 
TS, and titrate the excess sodium hydroxide with 0.1 N 
hydroehloric add V5; not morę than 0.75 mL of the 0.10 
N sodium hydroxide is consumed, correctron being madę 
for the amount consumed in a blank (0,06% as amyl ace¬ 
tate). 

Aldehyoes: Shake 5 mL with 5 mL of potassium hydroxide 
solution (30 in 100) in a glass-stoppered cylinder for 
5 minutes, and allow to separate: no color develops in ei- 
ther layer, 

a-Amylase—Use a suitable grade. It can be from vegetal or 
animal or microbiological origm. 

(f)-Anethole (1 -Methoxy-4-(l ~propenyi)benzene) r CidHizO— 
148.20 [4180-23-8}—Use a suitable grade of trans iso- 

mer. 

A n hydro u s Alumina—See Alumina , Anhydrous. 

Anhydrous Barium Chłoride—See Barium Chłoride, Anhy- 
drous . 

Anhydrous Calcium Chłoride—-See Całdum Chłoride , Anhy¬ 
drous. 

Anhydrous Cupnc Suifate—See Cupric Suffate , Anhydrous. 

Anhydrous Dibasic Sodium Phosphate—See Sodium Phos¬ 
phate , Dibasic , Anhydrous . 

Anhydrous Magnesium PerchJorate—See Magnesium Per- 
chłorate , Anhydrous. 

Anhydrous Magnesium Suifate—See Magnesium Suifate, 
Anhydrous , 


Anhydrous Methanof— See Methanoł f Anhydrous , 

Anhydrous Potassium Carbonate—See Potassium Carbon¬ 
ate, Anhydrous. 

Anhydrous Sodium Acetate—See Sodium Acetate, Anhy¬ 
drous. 

Anhydrous Sodium Carbonate—See Sodium Carbonate , An¬ 
hydrous . 

Anhydrous Sodium Suifate—See Sodium Suifate, Anhydrous , 

Anhydrous Sodium Sulfite—See Sodium Sułfite, Anhydrous. 

Anilinę, C*H S NH^-93.13 [62-53-3]—Use ACS reagent 

grade. 

Anilinę Blue (Certified Biological Anilinę Biue) [8004-91-9]—A 
water-soluble dye consisting of a mixture of the tri- 
sulfonates of tripheoylpararosanillne and of 
diphenyirosaniłine. 

Anilinę Suifate, CuHmNz * H 2 SO*—284,33 [542-16-5]— 

Use a suitable grade, 

Anion-Exchange Resin, Chloromethylated Polystyrene- 
Divrnylbenzene—Strongly basie, cross-linked resin contain- 
ing quaternary ammonium groups, It consists of smali, 
moist, yeflow beads having a characteristic aminę odor. It is 
availabfe in the chłoride form which can be converted to 
the hydroxide form by regeneration with sodium hydroxide 
solution (1 in 4). For satisfactory regeneration a contact 
time of about 25 minutes is reguired, after which it must be 
washed with water untiJ neutral. Suitable for use in column 
chromatography. 

[Notę—A suitable resin is "Amberlite IRA-400," available 
from Sigma-Aldrieh, www, sigma-aldrich.com,] 

Anion-Exchange Resin, Strong, Lightly Cross-Linked, in 
the Chłoride Form—Use a suitable grade. 

[Note—A suitable resin is "AG 1-X4, catalog number 
140-1331/ produced by BioRad Laboratories, www.bio- 
rad.com,] 

Anion-Exchanqe Resin, Styrene-DMnylbenzene: Strongly 
basie, cross-linked resin containing quaternary ammonium 
groups and about 8% of divinylbenzene. It is availabie in 
the chłoride form in the 50- to 1G0-, 100- to 200-, and 
200- to 400-mesh sizes. It can be converted to the hydrox- 
ide form by regeneration with a sodium hydroxide solution 
(5 in 100). tnsoluble in water, in methanof, and in acetont- 
tnle. Suitable for use in column chromatography, 

[Notę—A suitable resin is Dowex 1X8, produced by Dow 
Chemical Co. (www.dow.com) and avatlable through 
Sigrna-Aldrich (www.sigma-afdrich.com).] 

Anion-Exchange Resin, 50- to 100-Mesh, Styrene- 
Divinylbenzene—Strongly basie, cross-linked resin contain¬ 
ing quaternary ammonium groups and about 4% of 
divmylbenzene, It consists of tan-colored beads that may be 
relatively free fiowing. It is available in the chłoride form 
which can be converted to the hydroxide form by regenera¬ 
tion with a sodium hydroxide solution (5 in 100). For satis¬ 
factory regeneration a contact time of at least 30 minutes is 
required after which it must be washed free of excess a łkali. 
Insoluble in water, in methanol, and in acetonitrile, Suitable 
for use in column chromatography. 

[NOTĘ—A suitable resin is ^Dowex 1X4/' avaitable from 
Sigma-Aldrich, www, sigma-aldrich.com.] 

Moisture Content of Fully Regenerated and Expanded 
RESJn: Transfer 10 to 12 ml of the resin (as received) to a 
fiask, and convert it completely to the chłoride form by 
stirring with 150 mL of hydroehloric acid (5 in 100) for not 
less than 30 minutes. Decant the add, and wash the resin 
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in the same manner with distilled water until the wash 
water ts neutral to litmus. 

Transfer 5 to 7 mL of the regenerated resin to a glass 
filtering cructble, and remove only the excess surface water 
by very careful suction fiftration. Transfer the conditioned, 
dried resin to a tared weighing bottle, and weigh. Dry In a 
vacuum oven at 100° to 1 05° and at a pressure of 50 mm 
of mercury for 16 hours. Transfer from the vacuum oven to 
a desiccator, and cool to room temperaturę. Reweigh. The 
loss in weight is between 50% and 65%. 

TOTAL New Vqlume Capacity: Transfer 2.5 to 3 mL of the 
conditioned, undried (See Moisture Content, above) resin 
to a 5-mL graduated cylinder, and fili it with water. Re- 
move any air bubbles from the resin bed with a stainless 
Steel wire, and settle the resin to its minimum volume by 
tapping the graduated cylinder, Record the volume of the 
resin * 

Transfer the resin with 100 mL of water to a 250-mL 
fiask. Add 2 mL of suffurtc add, heat to 70° to 80°, and 
hołd at that temperaturę for 5 minutes with occasional stir- 
nng (do not boi!}. Cool to room temperaturę, and add 
2.5 mL of nitric acid (1 in 2), 2 mL of ferric ammonium 
sulfate TS, and 0.20 mL of 0.1 N ammonium thiocyanate. 
Utratę with 0.1 N silver nitrate VS until the soiution tums 
toforless, and add a measured excess (1 to 5 ml). Heat to 
boiling to coagulate the silver chloride preeipitate. Cool to 
room temperaturę, add lOmL of nitrobenzene, shake wg- 
orously, and titrate the excess silver nitrate with 0.1 N am¬ 
monium thiocyanate VS. 

(net mL AgNO* x N)/(mL of resin) = mEq/mL 

The total exchange capacity of the regenerated, wet resin 
is morę than 1.0 mEq per mL, 

Wet Screen Analysis: The purpose of this test is to iden- 
tify properly the mesh size of the resin. To obtain an accu- 
ratę screen analysis requires special apparatus and tech- 
nioue. 

Add 150 mL of resin to 200 mL of distilled water in an 
appropriate bottle, and aliow it to stand at least 4 hours to 
completely swell the resin. 

Transfer by means of a graduated cylinder 100 mL of 
settled and completely swollen resin to the top screen of a 
series ( 20 -, 50-, 100 -mesh) of 20.3-cm brass screens. Thor- 
oughly wash the resin on each screen with a stream of 
distilled water until the resin is completely classified, col- 
lecting the wash water in a suitable Container. Wash the 
beads remaining on fhe respectlve screens back into the 
100-mL cylinder, and record the yolume of settled resin on 
each screen: not less than 80% of the resin is between 50- 
and 100 -mesh. 

p-Anisaldehyde (4-Methoxybenzaldehyde), CsHgO?—436.15 

[123-11-5]—Gear, cotorless liquid. 

Boilinc Temperaturę: 248° 

Density: between 1.119 and 1.123. 

Refractive Index (831): between 1.5725 and 1.5730 at 
20 °, 


p-Anisidine, C 7 H 9 NO—123.06 
tals. Use a suitable grade. 


[104-94-9]—Brown crys- 


Anisole, CH*OQH,—108.14 [100-66-3]—Colorless !iq- 

uid. 

Assay: Inject an appropriate specimen (about 0.5 juL) into 
a suitable gas chromatograph (see Chromotography (621)) 
equipped with a flame-ionization detector, nitrogen being 
used as the carrier gas. The following conditions have 
been found suitable: a 30-m captllary column is coated 
with phase G3; the injection port and detector tempera- 
tures are maintained at 140° and 300°, respectively; the 
column temperaturę is maintained at 70° and pro- 
grammed to rise 10° per minutę to 170°. The area of the 
anisole peak is not less than 99% of the total peak area. 


Refractive Index (831): 1.5160 at 20°. 

Anthracene, 178.23 [120-12-7]—Whfte to off- 

white crystals or platelets. Darkens in sunfight. Insoluble in 
water; spanngly soluble in alcohol, in benzene, and in chlo¬ 
roform. 

Melting Rance (741): between 215° and 218°. 


Anthrone, C 14 H 10 O—194.23 
grade. 


[90-44-8]—Use ACS reagent 


Anti-D Reagent: The reagent can be monoclona! (Iow 

' must be obtained 


Anti-D Reagent: 1 he reagent can be m< 
protein) orpolyclonal (high-protein) and 
łrom manufacturers or suppliers licensed by the Center for 
Biologics Evaluabon and Research, Food and Drug Adminis- 
Lratlon. The use of reagents from an unlicensed manufac- 
turer or supplier may invafidate the results. Notę that this 
reagent is different from Anti-D (Rh 0 ) Reagent. Consult man- 
ufacturer's package insert to ensure that the reagent is suita¬ 
ble for the Weak Anti-D test and does not contam other 
antibodles that will react when antlhuman immunogfobulin 
is added. 

[Notę —There are many manufacturers and suppliers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research, Food and Drug Administration. 
Some examples of licensed manufacturers or suppliers are 
the following: Gamma Biologics, Houston, TX; and Ortho 
Diagnostics, Raritan, NJ.J 

Anti-D (Rh 0 ) Reagent: The reagent can be monodonal or 
polydonal and must be obtainetffram manufacturers or 
suppliers licensed by the Center for Biologics Evaluat!on and 
Research, Food and Drug Administration for use in 
micropfate tests. The use of reagents from an unlicensed 
manufacturer or supplier may invalidate the results. Notę 
that this reagent is different from Anti-D Reagent. Consult 
manufacturers package insert to ensure that it is Anti-D 
(Rh 0 ) Reagent and not Anti-D Reagent 

[NOTĘ—There are many manufacturers and suppliers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research, Food and Drug Administration. 
Some examples of licensed manufacturers or suppliers are 
the following: Gamma Biologics, Houston, TX; and Ortho 
Diagnostics, Raritan, NJ.] 

Antlfoam Reagent—A 10% silicone-glycol emulsion, whfte 
in appearance, Nonionic but miscible with cool water. 

[NOTĘ —A suitable grade is available as "Antifoam Reagent, 
"catalog number 2210, from Dow Corning Corporation, 
www.dowcorning.com.] 

Antlhuman Globulin Reagent: The reagent can be poly- 
specific or anti-immunogiobulin (Anti-JgG) and must be ob¬ 
tained from manufacturers or suppliers licensed by the 
Center for Biologics Evaluation and Research, Food and 
Drug Administration. The use of reagents from an unli¬ 
censed manufacturer or supplier may invalidate the results. 

[Notę—T here are many manufacturers and suppliers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research, Food and Drug Administration. 
Some examples of licensed manufacturers or suppliers are 
the following: Gamma Biologics, Houston, TX; and Ortho 
Diagnostics, Raritan, NJ.J 

Antimony Pentachbride, SbCI*—299.02 [764748-9]— 

Clear, reddish-yellow, oily, hygroscopic, caustic liquid, 

Fumes in moist air and solidtfies by absorption of one mole- 
cule of water. Is decomposed by water; soluble in dilute 
hydrochJoric acid and in chloroform. Bolls at about 92° at a 
pressure of 30 mm of mercury and has a specific gravity of 
about 2.34 at 25°. 

[Caution: Antimony pentachloride causes severe burns, 
and the vapor is hazaraous.] 
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Assay (SbCl$): Accuratdy wefgh a gJass-stoppered, 

125“ml fiask, guitkly introduce about 0.3 mL of the test 
specimen, and reweigh, Dissolve with 20 mL of diluted hy¬ 
drochloric add (1 in 5), and add 10 mL of potassjum io- 
dide solution (1 in 10) and 1 ml of carbon disulfide. Ti- 
trate the liberated iodine with 0.1 N sodium thiosuffate VS. 
The brown color will gradually disappear from the solu¬ 
tion, and fhe last traces of free iodine will be collected in 
the carbon disulfide, giving a pink cofor. When thts pink 
color disappears the endpoint has been reached. Each mL 
of OJ N sodfum thiosulfate is equivalent to 14.95 mg of 
SbCU: not less than 99.0% of SbCh is found. 

Sulfate (Reagent test, Method if): Dissolve 4.3 mL (10gj 
in the minimum vołume of hydrochlork add, dilute with 
water to 150 mL, neutralize with ammonium hydroxide, 
and fil ter. To the fil tratę add 2 mL of hydrach loric add: the 
solution, 10 mL of barium chloride TS being used, yields 
not morę than 1.3 mg of residue, correction being madę 
for a compiete blank test (0.005%). 

Arsenic: Add 10 mL of a recentiy prepared solution of 
20 g of stannous chloride in 30 mL of hydrochloric acid to 
100 mg of spec i men dissolved in 5 mL of hydrochloric 
acid. Mix, transfer to a color-companson tubę, and allow 
to stand for 30 minutes. Any color in the solution of the 
spedmen should not be darker than that in a control con- 
taining 0.02 mg of arsenie (As), whlch has been treated in 
the same manner as the test specimen, when yiewed 
downward over a white surface (0.02% of As). 

SUBSTANCE5 NOT PRECfPITATED BY HYDROGEN SULFIDE (OS 
SOą): Dissolve 0.90 mL (2 g) in 5 mL of hydrochloric acid, 
and dilute with 95 mL of water. Precipitate the antimony 
completely with hydrogen sulfide, allow the precipitate to 
settEe, and filter, being careful not to transfer much of the 
precipitate to the filter paper. (Retain the precipitate.) To 
50 mL of the filtrate, acid 0.5 mL of su [furie add, evaporate 
in a tared porcelain crudble to dryness, and Ignite at 
800 ±25 17 for 15 minutes. (Retain the residue,) The weight 
of the ignited residue should not be morę than 0,001 0 g 
greater than the weight obtained in a compfete blank test 
(0J0%). 

Iron (241): To the residue from the test for Substances 
Not Precipitated By Hydrogen Sulfide add 2 ml of hydro¬ 
chloric acid and 5 drops of nitric acid, and ev a po ratę on a 
steam bath to dryness. Take up the residue in 2 mL of 
hydrochloric add, and dilute with water to 47 mL: the so¬ 
lution shows not morę than 0.01 mg of Fe (0.001%). 

Other Heavy Metals (as Pb>: Dissolve the precipitate on 
the filter paper from the test for Substonces Not Precipitated 
By Hydrogen Sulfide, with 75 mL of a solution containing 
6 g of sodium sulfide and 4 g of sodium hydroxide dis- 
soTved in and diluted with water to 100 mL. Colfect the 
filtrate In the odginał fiask containing the remainder of the 
sulfide precipitate. Warm the solution to dissolve the sofu- 
ble sulfides, and allow the insoluble sulfides to settle. Filter, 
wash thoroughly with hydrogen sulfide T5, and dissolye 
any precipitate remainrng on the filter paper with 10 mL of 
hot diluted hydrochloric acid, Dilute the filtrate with water 
to 50 mL. Neutralize a 25-mL portion of this solution with 
1 N sodium hydroxide, and add 1 mL of 1 N acetic acid 
and 10 mL of hydrogen sulfide TS. Any brown color 
should not exceed that produced by 0.05 mg of lead 3on 
in an equal vofume of solution containing 1 mL of 1 N 
acetic acid and 10 mL of hydrogen sulfide TS (0.005%). 

Antimony Trfchloride (Antimonous Chloride), SbCU—228J2 
[10025-91-9]—Use ACS reagent grade. 

Antithrombin III: Antithrombin fli human (heparin 
cofactor, factor II, inhibitor, and factor X, inhibitor) is a ser- 
ine protease inhibitor. It is a glycoprotein having a rnolecu- 
lar weight of 58,000 Da. 

One Antithrombin III Unit is the amount found in 1 ml of 
normaf human plasma, The potency of antithrombin III is 
not less than 4.0 Antithrombin III Units per mg of protein 


when tested in the presence of heparin. It exhibits 90% 
homogeneity when tested by 5DS-PAGE. 

Antithrombin III for test or assay purposes contains no 
detectabie heparin. Test as follows. To a solution containing 
1 Antithrombin III Unit per ml, add 1 pL of toluidine blue 
solution. In the presence of heparin, the color changes from 
blue to purple. 

Aprobarbital, CiaH^NiOa—210.23 [77-02-1 j—Fine, 

white crystafline powder. Slightly soluble in cold water; solu- 
ble in alcohol, in chloroform, and in ether. 

Assay: Disso!ve about 200 mg, previously dried at 105° 
for 2 hours and accurately weighed, in 20 ml of dimethyL 
formamide in a 1 00-mL conical fiask. Add 4 drops of 
thymol blue solution (1 in 200 in methanol), and titrate 
with 0 ! N lithium methoxide VS using a 10-mL buret, a 
magnetlc stirrer, and a cover for the fiask to protect 
against atmospheric carbon dloxide. Perform a blank de- 
terminatlon, and make any necessary correction, Each ml 
of OJ N lithium methoxide is equivalent to 21.02 mg of 
CioHhN 2 0 3 . Between 98.5% and 101.0% of Ci 0 HmN 2 O 3 is 
found. 

Melting Rangę (741): between 140 D and 143°. 

Arsenazo III Acid, C 22 HibAs 2 N [OhS 2 —77638 
[1668-00-4]—Brown powder. Stable in air. Storę at room 
temperaturę in a dry area. 

Melting Temperaturę (741): greater than 32G Q . 

Arsenic Trioxide, As 2 Q 3 —197.84 [1 327-53-3]—Use ACS 

reagent grade. 

[NOTĘ—Arsenie Tnoxide of a guallty suitable as a pnmary 
standard is availabie from the National Institute of Standards 
and Technology, Office of Standard Reference Materials, 
www.nist.gov, as standard sample No. 83.] 

Ascorbie Acid (Vitarnin C), QHaOs—176.13 [50-81-7]— 

Use ACS reagent grade. 

L- A s p a ra g i n e (L-2-Am inosu cc in a m/c A dd), 
COQHCH(MM 2 )CH 2 CONH ? * H 2 0—150.13 [7047-3]— 

Colorless crystals. One g drssolves in 50 mL of water; soluble 
in acids and in alkalies; insoluble in alcohol and in ether. Its 
neutral or alkalinę Solutions are levorotatory; its add Solu¬ 
tions are dextrorotatory, 

Specific Rotatiom (781): between +31 Q and +33°, deter- 
mlned in a solution in diluted hydrochloric acid containing 
the equivalent of 5 g (on the anhydrous basis, as deter- 
mined by drying at 105° for 5 hours) En each 100 mL, 
Residue on iGNmoN (Reagent test): not morę than GJ%. 
Chloride (Reagent test): One g shows not morę than 
0.03 mg of Cl (0,003%). 

Sulfate (Reagent test f Method i): One g shows not morę 
than 0.05 mg of SO, t (0,005%). 

Heavy Metals (Reagent test): 0.002%, 

Nitrogen Determination (461), Method II: between 
184% and 18.8% of N is found. 

L-Aspartic Acid, CjhbNCh—133.1 [56-84-8]—White to 

off-white powder. Use a suitable grade. 

Azure A, C 14 H K CIN 3 S^291.80 [531-53-3]—Use a suita¬ 

ble grade. 

Bacterial Alkaline Protease Preparation: Use a suitable 
grade. 

[Notę—A suitable grade is commercially avaifab!e as 
"Protex 6L" from Genencor, www.genencor.com.] 

Barbital Sodium, QH,iN 2 Na0 3 —20Ó.2 [144-02-5]— 

White, ery stal tine powder or colorless crystals. Freely soluble 
in water; slightly soluble in afcohol. Use a suitable reagent 
grade. 
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Barbiturk Acid, GH.N.Oj—128.09 [65-52-7J—Faintiy 

berge powder. Soluble in water, in alcohol, in chloroform, 
and in ether. Melts with decomposition at 251.6°. Use a 
suitable grade. 

Barium Acetate, O H 6 BaCh—255.43 [543-80-6]—Use 

ACS reagent grade. 

Barium Chloride, BaCh ■ 2H 2 0—244.26 [10326-27-9]— 

Use ACS reagent gra de* 

Barium Chloride, Anhydrous, 8302 — 208.23 
[10361-37-2]—This may be madę by drying barium chlonde 
in thin layers at 125 a until the loss in wergnt between two 
successive, 3-hour drying periods does not exceed 1 %. 

Barium Chloride Dihydrate—Use Barium Chloride . 

Barium Hydroxide, Ba(OH ) 2 * 8HzO—315.46 
[12230-71 - 6 ]—Use ACS reagent grade. 

Barium Nitrate, Ba(NOj) 2 —261.34 [10022-31 - 8 ]—Use 

ACS reagent grade. 

Basic Fuchsin—See Fuchsin , Bask, 

Beclomethasone C a H :9 C 10 5 —408.92 [4419-39-0]—Lse 

a suitable grade with a content of not less than 99%. 

Beef Extra.ct—A fine beige to light-tan powder obtained by 
extraotion from fresh lean beef by means of cooking with 
water and evaporating the broth at Iow temperaturę, usually 
under vacuum, and dried, 

Loss on Drying (731): NMT 6.0% 

Resioue on Ignition (281): NMT 18.0% 

Amino Nitrogen: 2.0%-2.3% 

Nitrocen: 8,0%-l 8.0% 

CHLORIDE: NMT 7% of the total solids, calculated as so- 
di urn chloride 

Microbjal Content: MT 10 4 cfu/g 

Benzaldehyde, 106,12 [100-52-7]—Colorless, 

strongly refractive lrquid, Soluble in water; miscible with al- 
cohoi, with ether, and with ftxed and Yofatile oils. 

Assay: Pipet about 1 mL into a tared, glass-stoppered 
weighing bottte, and weigh accuralely. Loosen the stop- 
per, ana transfer both the weighing bottie and its contents 
Lo a 250-mL conical fiask containing 25 mL of a hydro- 
alcoholic soiution of hydroxylamine hydrochloride (pre- 
pared by dissoMng 34.7 g of hydroxylamine hydrochloride 
tn 160 mL of water, then adding alcohol to make 
lOOOmL, and neutralizing to bromophenoi bJue by the 
addition of sodium hydroxide TS). Using a graduated cyl¬ 
inder to measure the volume, rinse the sides of the fiask 
with an additionaf 50 mL of this reagent soiution. Allow 
the soiution to stand for 10 minutes, add 1 mL of bromo¬ 
phenol blue TS, and titrate the liberated hydrochloric acld 
with 1 N sodium hydroxide V5. Perform a blank determi- 
nation with the same quantities of the same reagents, and 
make any necessary correction. Each mL of 1 N sodium 
hydroxicfe consumed is equivalent to 106.1 mg of C 7 H 0 O, 
Not less than 98% is found. 

SPECIRC Gravity (841): between 1.041 and 1.046. 
Refractwe Index (831): between 1.5440 and 1.5465 at 
20 °. 

Hydrocyanjc Agd: Shake 0.5 mL with 5 mL of water, add 
0.5 ml of sodium hydroxide TS and 0.1 ml of ferrous sui- 
fate TS, and warm the mixture gently. Add a slight excess 
of hydrochloric add: no greenish-blue color or blue precip- 
itate is ob$erved within 15 minutes. 

Benzalkonium Chloride—Use Benzalkonium Chloride (NF 
monograph). 


Benzamidrne Hydrochloride Hydrate (BenzenecarbQximid- 
omide Monohydrochforide , Hydrate% C 7 H B N 2 ■ HCI - xH 2 0 — 
156.6 [206752-36-5]—Wnite to off-white powder. Use a 

suitable grade. 

[Notę—A suitable grade is available from Sigma-Aldrich, 
www.sigma-aldrich.com.] 

Benzaniiide, C u Nn NO—197.23 [93-98-1 ]—Off-white, 

light gray to grayish-green powder Insoluble in water; spar- 
ingly soluble in alcohol; slightly soluble in ether, 

Melting Rangę (741): between 162- and 165 3 . 

Solubiuty in Acetone: A 1,0-g portion di$solves tom- 
pletely in 50 mL of acetone to yield a dear soiution. 

Benzene, CaH*—78.11 [71-43-2]—Use ACS reagent 

grade. 

Benzenesulfonamide, C ć HsS0 2 NH z —157.19 [98-10-2]— 

White to pale beige crystals. 

Melting Rangę (741): between 150° and 153°. 

Benzenesulfonyl Chloride, GHsSCbO—176,62 
[98-09-9]—Colorless, oily liquid, insoluble in cold water; soi- 
uble in alcohol and in ether. Solidiftes at 0°. 

Melting Rangę (741): between 14° and 17°. 

Boiung Rangę (Reagent test): between 251° and 252°, 

Benzethonium Chloride—Use Benzethonium Chloride (USP 
monograph). 

Benzhydrol (a-Phenylbenzenemethanofl CbH^ 0—184.23 
[91-01 -0]—White to pale yellow crystals. Verv slightly solu¬ 
ble in water; soluble in alcohol, 3 n ether, and in chloroform. 
Melting Rance (741): between 65 3 and 67°, but the 
rangę between beginning and end of melting does not 
exceed 2 °. 

Benzoic Add, CfiHiCOOH — 122.12 [65-85-0]—Use ACS 

reagent grade. 

[Notę—B enzoic Add of a quality suitable as a primary 
standard is available from the National institute of Standards 
and Technology, Office of Standard Reference Materials, 
www.nist.gov, as standard sample No. 350,] 

Benzophenone, (C ć H 5 ) 2 CO—182.22 [119-61 -9]—White, 

crystalline powder. 

Melting Rance (741): between 47° and 49°. 

p-Benzoquinone (Quinone) f 108.09 

[106-51-4]—Dark yellow powder having a green casL 
Slightly soluble in water; soluble in alcohol, in ether, and in 
fixed alkali Solutions. May darken on standing. Darkened 
materiał may be punfred by sublrmation in vacuum, 

Melting Rangę (741): between 113° and 115°. 

Benzoyl Chloride, C 6 HsCOCI—140.57 [98-88-4]—Use 

ACS reagent grade. 

/V-Benzoyl-L-arglnine Ethyl Ester Hydrochloride, 

C 15 H 22 NJO 3 ■ HCI—342.82—Determine suitabifity for use as a 
substrate as directed under Crystaliized Trypsin (USP mono- 
graph). 

3-Benzoylbenzoic Acid, C t< Hu,Oj—226.23 [579-18-0]— 

White to off-white powder. 

Assay: Prepare a mixture of 1% trrfluoroacetic acid in 
water and 1% trifluoroacetic add in a celon i tri le (55:45) for 
the mobile phase. fnject about 20 pL into a suitable liquid 
chromatograph (see Chromatography (621)) eguipped with 
a 230-nm detector and a 4.6-mm x 15-cm column that 
contains packing LI. The flow ratę is about 1.5 mL per 
minutę. The area of the ChHioOj peak is not less than 
98.5% of the total peak area. 
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Benzoylformic And (Pheny!glyoxy!ic Acid), C 6 H 5 COCG 2 H-— 
150.14 [611-73-4]—Powder. Soluble in methanol. 

Melting Rance (741): between 62° and 67°. 

Benzphetamine Hydrochforide, C 17 H 21 N - HCI— 275*82 
[5411-22-3]—'White to off-white, crystalline powder. Freely 
soluble In water, in alcohol, and in chloroform; slightly soft- 
ble in ether. 

Assay: Dissolve about 500 mg, accurately weighed, in a 
mixture of 50 mL of glacial acetic add and 10 mL of mer- 
curie acetale TS, add 1 drop of crystal violet TS, and titrate 
with 0.1 N perchloric add VS to a btue-green endpoint* 
Perform a blank determination, and make any necessary 
correctlon. Each mL of 0.1 N perchloric acid is equivaJent 
to 27.58 mg of Ci ? H a iN ■ HCf. Between 98.0% and 
101 . 0 %, calcu lated on the drted basts, is found. 

Melting Rangę {741): between 152° and 158°. 

Specific Rotation <781 >: between +22° and +26°, deter- 
mined in a soiution containing 200 mg in 10 mL, the spec- 
Imen having been previously aried in vacuum at 60° for 
3 hours. 

Loss ON Dryinc (731): Dry it in vacuum at 60 5 for 
3 hours: ft loses not morę than 1% of its weight. 

Residue on Ignition {281}: not morę than 0.2%. 

Benzyl Ether (Dibenzyi ether), CmHhG — 198.26 

[1 03-50-4]—Use a suitabie grade with a content of NLT 

99%, 

2-Benzylaminopyridine, C 12 H 12 N 2 —’184.24 
[6935-27-9]—Use a suitabie grade. 

1 -BenzyUmidazole, CtoHi 0 N 2 —158.20 [4238-71-5]— 

White crystals. 

Assay: Transfer about 40 mg, accurately weighed, to a 
100-mL beaker. Dissolve in 50 mL of glacial acetic acid. 

Ti tratę with 0.1 N perchloric acid V5, determining the 
endpoint potentiometricaify using a combination ealomel- 
platinum electrode, Perform a blank determination and 
make any necessary correctlon* Each mL of 0.1 N perchlo¬ 
ric acid is equivafent to 15,82 mg of CioH fD M 2 . Not less 
than 99% is found. 

Benzyltrimethylammonium Chlonde, 

C^H ó CH 2 N(CH 3 ) 5 C 1 —185.69 [56-93-9]—Available as a 

60% agueous soiution. Is elear and is coloriess or not morę 
than slightly yellow. 

Assay: Pipet 2 mL into a 50-mL volumetric fiask, and add 
water to volume. Pipet 20 mL of the soiution into a 
125-mL conical fiask, add about 30 mL of water, then add 
0.25 mL of dichlorofluorescein TS, and tltrate with 0,1 N 
silver nitrate V5. Each ml of 0,1 N siiver nitrate is equiva- 
lent to 18.57 mg of QH 5 CH a N(CH^jCI. Between 59.5% 
and 60.5% is found. 

Beta-lactamase—Beta-lactamase is an enzyme produced by 
a variety of bacteria, but is usually obtained from culture 
filtrates of a strain of Bacillus cereus. It has the specifcc prop- 
erty of tnactivating pemciUins and cephalosporins by split- 
tincj the bond linking the nitrogen ot the thiazoiidine to the 
adjacent carbonyl carbon. 

It occurs in the form of smali, brown, easily pulverizable 
pieces or granules. Freely soluble In water, forming a slightly 
opalescent soiution that is practically neutral to litmus pa- 
per. Is precipitated from its water Solutions by acetone, by 
alcohol, and by dioxane, and is inactivated by contact with 
these solvents, Is rapidly inactivated by ethyt acetale and is 
irreversibly destroyed at a temperaturę of about 80°. 

Beta-lactamase is assayed by a procedurę depending upon 
a determination of the amount of peniciilln G potassium or 
peniciilin G sodium destroyed at a pH of 7,0 in a soiution of 
such concentration that the inactivation proceeds as a zero- 
order reaction. 


Betanaphthol—See 2-NaphthoL 

Bibenzyl (Dibenzyl), CuHm— 182,26 [103-29-7]—Cotor- 

less crystals. Freely soluble in chloroform and in ether; spar- 
śngly soluble in alcohol; practically Insoluble In water. 
Melting Rangę (741): between 53° and 55°. 

Bile Salts—A concentrate of beef bile, the principal constitu- 
ent of which Is sodium desoxychoiate, determined as cholic 
add. Soluble in water and in alcohol; the Solutions foam 
strongly when shaken, 

Insoluble Substances: Dissolve 5 g in 100 mL of dllute al¬ 
cohol (84 in 100), warming tf necessary to aid soiution, 
Filter within 15 minutes through a tared fifter, and wash 
with smali portions of the dilute alcohol unti! the Jast 
washing is coloriess or practically so, then dry the residue 
at 105° for 1 hour, and weigh: the weight of the residue 
does not exteed 0 . 1 %. 

Assay 

Standard cholic acid soiution: Dissolve 50.0 mg of 
cholic acid, accurately weighed, in dilute acetic acid (6 in 
10) to make 100 mL, and mix. Storę in a refrigerator. 
Procedurę: Dissoke 1.0 g, accurately weighed, in 
50 mL of dilute acetic acta (6 in 10). Filter the soiution, If 
necessary, into a 100-mL volumetnc fiask, wash the odgi¬ 
na] Container and the filter with smali portions of dilute 
acetic acid (6 in 10 ), add the same acetic acid to voL 
ume, and mix, Dilute 10 mL of this soiution, accurately 
measured, with dilute acetic acid (ó In 10 ) to make 
100 mL, and mix. 

Pipet 1 mL each of the Standard cholic acid soiution and 
the soiution of the Bile Salts into two matched test tubes. 
To each tubę add 1 mL, accurately measured, of freshly 
prepared furfuraf soiution (1 in 100 ), immediately place 
the tubes in an ice-batb for 5 minutes, then add to each 
tubę 13 mL, accurately measured, of dilute sulfunc acid, 
madę by cautiousfy mixing 50 mL of sulfuric add with 
65 mL of water. Mix the contents of the tubes, and place 
them in a water bath mamtained at a temperaturę of 70° 
for 10 minutes, Immediately transfer the tubes to an ice- 
bath for 2 minutes, then determlne the absorbance of 
each soiution at the waveiength of maxrmum absorbance 
at about 670 nm, with a suitabie spectrophotomefer. 
Calculate the quantity, In mg, of cholic acid (Cz 4 H. t o 0 5 ) in 
the weight of the Bile Salts taken by the formula: 

500(>WAj) 

in which Au and As are the absorbances of the Solutions 
from the Bile Salts and the Standard cholic add soiution, 
respectively. Not less than 45% of cholic acid is found. 

Biphenyl, Ci 2 Hi C — 154.21 [92-52-4]—Coloriess to white 

crystals or erystailine powder. insoluble in water; soluble in 

alcohol and m ether. Boils at about 254°. 

Melting Rance (741): between 68 ° and 72°. 

2,2'-Bipyridine (a^-Dipyridyl), CioHgNz—156.18 

[366-18-7]—White or pink, crystalline powder. Soluble in 

water and in alcohol. Melts at about 69°, and boils at about 

272°, 

Sensitiveness: Prepare the followlng Solutions: (A)—Dis- 
sofve 350 mg of ferrous ammonium sulfate in 50 mL of 
water containing 1 mL of sulfuric acid, and add 500 mg of 
hydrazine sulfate, then add water to make 500 mL, For 
use, dilute this soiution with water in the ratio of 1 In 
100 mL. (£?}—Dissolve 8.3 g of sodium acetate and 12 mL 
of glacial acetic add in water to make 100 ml. Add 1 mL 
of a soiution of the specimen (1 In 1000 ) to a mixture of 
10 mL of water and 1 mL of each of Solutions A and B: a 
plnk color results immediately* 

Solubility: A 100-mg portion dissolves completely in 
10 mL of water. 
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Residua on Ignition (Reagent test): not morę than 0.2%. 

4,4'-Bis(4-amino-1-naphthylazo)-2,2'-sttlbenedi5ulfomc 
Add, H^óNóOóSj— 678,74 [54Ó3-64-9]—Use a suitable 

grade. 

] Notę —A suitable grade is avai labie from TG America, 
www.tdamerica. com.] 

Bis(2-ethylhexyl} Maleate, CioHmOa— 340,50 
[142-16-5]—Colorless to pale yellow, elear liguid. Misdbfe 
with acetone and with alcohof. Specific gravity about 0.945. 
Assay: Place about 2,5 g, accurately weśghed, m a 
250-mL fiask, add 50,0 ml of 0,5 N alcohdic potassiun 
hydroxide V5, and reflux for 45 minutes. Cool, add 0,5 mL 
of phenolphthalein TS, and titrate the excess alkalr with 
0,5 N hyarochloric acid VS. Perform a blank determination 
at the same time, using the same amount of 0.5 N alco- 
holic potassium hydroxide (see Residua! Jltrations under 77- 
trimetry (541)). The differente, in ml, between the 
volumes of 0.5 N bydrochJoric acid consumed in the test 
titration and blank titratlon, multiplied by 85.1, represents 
the quantity, in mg, of bis(2-ethylhexyl) maleate in the 
portion taken. Not iess than 97% is found. 

Bis(2-ethylhexyl) Phthalate, 
aK 1 -1,2-[C00CH 2 (C 2 H i )CH(CH,),CH 3 ] 2 —390.56 
[117-81-7]—Colorless to light yellow liquid. 

Refractwe Index (831): between 1 .4855 and 1,4875, at 
20 °. 

Bis(2-ethylhexyl) Sebacate (DiocLyl Sebacate), 
C 8 HwOOC(CH 2 )aCOOC 6 H,;— 426,67 [1 22-62-3]— Pale 

straw-colored liqu!d, Insoluble in waler, Refractive index 
about 1.448, Suitable for use in gas chromatography. 
Specific Gravity, 20°/20° (841): between 0.913 and 
0,917. 

BOILJNC Rangę: between 243° and 248° at 5 mm of mer- 
curv, 

[Non—A suitable grade is "Dtoetyl Sebacate," availabfe 
from Sigma-Aldrich, www.sigma-aldrich.com.] 

Bis(2-ethylhexyf)phosphork Acid (Bis(2-ethyfhexyf) Phos- 
phatel [CHs{CH 2 ) 3 CH(C2Hs)CH 2 ] 2 HP04—322.42 
[298-07-7]—Light yellow, viscous !iqurd. Insoluble in water; 
freely soluble in chloroform and in ethyl acetate. Refractive 
!ndex: about 1,443, Specific gravity: about 0.997. 

ASSAY: Dissolve about 250 mg, accurately weighed, In 
50 mL of dimethylformamide, add 3 drops of a 1 in 100 
solution of thymol blue TS in dimethylformamide, and ti¬ 
trate with 0.1 N sodium methoxide VS to a blue endpeint, 
Perform a blank determination, and make any necessary 
oorrection, Each mL of 0.1 N sodium methoxide is equiva- 
lent to 32,24 mg of (CaNi^HPO,!. Between 95% and 
105% is found. 

Solubility: One volume dissolves in 9 volumes of chloro¬ 
form to yield a elear solution, and 1 volume dissokes in 9 
volumes of ethyl acetate to yield a elear solution. 

Color: Al in 100 solution in chloroform exhibits an ab- 
sorptivity of not morę than 0.03 at 420 nm. 

Bis(4-sulfobuty!) Ether Disodium, NaiCeH^OzSz—334,32— 
Use a suitable grade with a content of NLT 95%. 

[NOTE—A suitable grade is availabie as catalog number 
RM-969-C50 from www.cydexpharma.com.] 

Bismuth, Bi—208.9S [7440-69-9]— Use a suitable grade 

with a content of NLT 99.999%, 

Bismuth Nitrate Pentahydrate, BifNOiJj * SHiO —485,07 
[10035-06-0]—Use ACS reagent grade, 

Bismuth Subnitratę (Bismuth(llf) Nitrate Basic), 
Bi 5 0(OH) 5 (N0 3 )4—1461,99 [1304-85-4]—Use Bismuth 

Subnitrate (USP monograph). 


Bismuth Sulfite Agar—Use a suitable grade, 

Bis(trimethylsilyI)acetam 1 de (N f O-Bis(trimethyisib 
yljacetamide; BSA) f CHiCON[5ifCH 3 )i] 2 —203.43 
[10416-59-8]—Clear, colorless liciuicl Readily hydrolyzes 
when exposed to moist air. Handle under nitrogen, and 
storę in a cool place. 

Assay: Not less than 90% of CH 3 CON[Si(CH 3 )i] 2 , a suita- 
ble gas chromatograph eguipped with a thermal tonduc- 
tivity detector being used, Tlie following conditions are 
suitable and provide a retention time of approximately 
15 minutes. 

Column: 3-mm x 1,83-m stainless steel containing 5% 
phase G1 on support S1A 
Injectlon temperaturę: 160° 

Column temperaturę: 90°, programmed to rise 4° per 
minutę to 160° 

Carrier gas: Helium 

Refractiye Index (831): between 1.4150 and 1.4170 at 
20 °. 

Bis(trimethylsilyl)tnfluoroacetarnide (N f O-Bis 
(trimethylsityOtriftuoroocetamide; BSTFA), CF3CON 
[Si(CH03]z"257.40 [25561 -30-2]—Clear, colorless liquid, 

Readily hydrolyzes when exposed to moist air. Storę in a 
cool place. 

Assay: Not less than 98% of CFiCON[SI(CHj)i]a, a suita¬ 
ble gas chromatograph equipped with a thermal conduc- 
tivity detector bemg used. The following conditions are 
suitable and provide a retention time of approximately 
15 minutes. 

Column: 3-mm x 1.83-m stainless steel containing 5% 
phase G1 on support SI A 
Injection temperaturę: 17CT 

Column temperaturę: 70*, programmed to rise 4° per 
minutę to 140° 

Carrier gas: Helium 

RiFRAOWE IND£X (831): between 1.3820 and 1*3860 at 
20 °, 

Bis(trimethylsjlyl)tnHuoroacetamide with Trimethykhlo- 
rosrlane [25561-3Q-2]—Use a suitable grade. 

[Notę—A suitable grade is available from Sigma-Aldrich, 
www.sigma-aldrich.com,] 

Blood (for carbon monoxide test in gases)—Use oxaiated or 
defibńnated blood of dogs, sheep, ca ttle, or human beings 
within 24 hours after bleeding. Prepare oxalated blood by 
adding 10 mg of sodium oxaTate to each mL of the fresnly 
drawn blood. 

Blood Group A* Red Blood Cells and Blood Group B Red 
Blood Cells: These cells must be obtained from manufac- 
turers or suppliers licensed by the Center for Blologics Evalu- 
ation and Research/Food and Drug Admmistration. The use 
of reagents from an unlicensed manufacturer or suppfier 
may invalidate the results. Generally, they are available as 
part of a kit for ABO Blood Group testing. The cells licensed 
for use in test Lubes can also be used in the microtiter piąte 
method deser!bed in the monographs of Red Blood Cells and 
Whole Blood. 

[NoiE—There are many manufacturers and suppliers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research Food and Drug Admmistration, 
Some examples of licensed manufacturers or suppliers are 
the following: Gamma Biologics, Houston, TX; and Ortho 
Diagnostics, Raritan, N|.] 

Anti-A Blood Grouping Reagent, Anti-B Blood Grouplng 
Reagent, and Anti-AB Bloodf Grouping Reagent: The re¬ 
agents can be monocional or polydonal and must be ob¬ 
tained from manufacturers or suppliers licensed by the 
Center for Biologics Evaiuation and Research, Food and 
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Drug Administration for use in microplate tests. The use of 
reagents from an unlicensed manufacturer or suppller may 
invalldate the results, Generaily, al[ three reagents are avaEla- 
ble as part of a kit. 

[Notę—T here are many manufacturers and suppEiers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research, Food and Drug Administration. 
Some examples of licensed manufacturers or suppliers are 
the folbwmg: Gamma Biologics, Houston, TX; and Ortho 
Diagnostics, RarEtan, NJ.j 

Bfue Tetrazolrum (3 / 3'-{3,3'-DimethQxy[l,r-biphenyi]-4 / 4'- 
diyl)b is[2,5-diph enyl-2 H - tetra zol fum]cfich i o rlde), 

CioHs^CIzN^Oz— 727.6A [7 871 -22-3]—Lemon-yelIow crys- 

ta Es. SJightly solu ble En water; freely sol u ble in chloroform 
and in methanol; Ensoluble in acetone and in ether. 
Solubility in Methanol: DissoEve 7 g In 100 ml of metha- 
no!: complete solution results, and the soiution is elear. 
Color: Transfer a portion of the methanol solution ob- 
taEned En the preceaing test to a 1-cm celi, and determine 
its absorbance at 525 nm, against water as the blank: the 
absorbance does not exceed 0.20. 

ULTRAVlQLET-Vl5!BLE Spectroscopy (857): Its mofar absorp- 
tlvity in methanol, at 252 nm, is not less than 50,000. 
SuiTABiLfTY Test 

Standard preparation: Dissolve in alcohol a suitable 
guantity of USP Hydrocorbsone RS, prevEously dried at 
105° for 3 hours and accurately weighed, and prepare by 
stepwise dilutfon a solution contalntng about 10pg per 

mL. 

Procedurę: Pipet 10-, 7 5-, and 20-mL portlons of Stan - 
dard Preparation into separate, glass-stoppered, 50-mL 
conical riasks, Add 10 mL and 5 mL, respectively, of alco- 
hol to the flasks eon tai ni ng the 10- and 15-mL portions 
of Standard preparation, and swirl to mix, To each of the 
flasks, and to a fourth fiask contaimng 20 ml of alcohol, 
add 2,0 mL of a soiution prepared by dissoMng 50 mg of 
bfue tetrazolium in 7 0 mL of alcohol, mix, and then add 
2.0 ml of a solution prepared by dtluting 1 ml of tetra- 
methylammonium hydroxide TS with alcohol to 10 mL. 
Mix, ailow the flasks to stand in the dark for 90 minutes, 
and determfne the absorbances of the three Solutions of 
the steroid standard at 525 nm, with a suitable spectro- 
hotometer, using the solution in the fourth fiask as the 
lank. Plot the absorbances on the absetssa and the 
amount of hydrocortisone on the ordlnate scalę of arith- 
metic coordinate paper, and draw the curve of best fft: 
the absorbance of each solution is proportional to the 
concentratlon, and the absorbance of the solution con- 
talning 200 pg of hydrocortisone is not less than 0.50. 

Boldine (2 t 9-Dihydroxy- 7, 7 0-dimethoxyaporphineX 
C ig H 21 NCh—327.37 [476-70-0]—Use a suitable gra de, 

Boric Add, H 2 B0 3 —61.83 [7 0G43-35-3]—Use AC5 rea¬ 

gent grade. 

(-)-Bornyl Acetate (l f 7,7-TrimethylbkyclQ[2,2, IJ-heptan-2-oi 
acetate) f CtzH 2 qO?— 196,29 [5655-61-8]—Use a suitable 
grade, 

Boroń Trifluoride, BF 3 —67.81 [7637-07-2]—Use a suita¬ 

ble grade. 

14% Boroń Triftuonde-Methanol [373-57-9]—Use a suita¬ 
ble grade. 

Bovine Collagen; Use a suitable grade that contains less 
than 1 pg glycosaminoglycan per mg. 

[Notę—A suitable grade es available from Sigma-AIdnch, 
www.sigma-aldiich.com.] 


7 Percent Bovine Serum Albumin Certified Standard— 
Available from the National Institute of Standards and Tech¬ 
nology, www.nist.gov, as SRM 927. 

Branched Polymeric Sucrose—about 400 kDa 
[26873-85-8]—WhEte to off-white powder. Synthetic poly- 
mer madę by the copolymenzation of sucrose and 
epicholrohydrln. Use a suitable grade, 

[Note—A suitable grade is available commerdally as 
"Ficoll" from Pharmacia Fine Chemicals, Inc., 800 Centen- 
nlal Ave., Piscataway, N] 08854.] 

Briliiant Creen (Molach i te Creen CJ, C^H^NzChS—482.64 
[3051-11-4]—Clrstening, golden-yellow crystals. Soluble in 
water and in alcohol, Absorption maximum: 623 nm, 

Bromelain-— [9001-00-7] 

A gJycoprotein which is highly active thlol proteinase. It is 
found in the leaves and stems of the pineapple plant. Yel- 
lowish-white to tan powder. 

ACTMTY DETERMINATION 

pFI 4.5 water: Adjust to a pH of 4.5 with 0.1 N hydro- 
chforic acid. 

Gelatin substrate: Dissolve 25 g of gelatin rn 375 mL of 
hot water, Bring to a boil. Cool to 45°. Adjust the pH to 
4.5 with 0.1 N hydrochloric add. Dilute with pH 4.5 
water to 500 mL. Keep it at 45°. This substrate should be 
prepared fresh daily. 

Buffer solution: Add 150 mg of sodium chloride to 
700 ml of pH 4.5 water ; stir to dissolve, then add 5.7 mL 
of acetic acid, Adjust to a pH of 4,5 with 50% sodium 
hydroxide, if necessary. Dilute to 1 L* 

3% Hydrogen peroxide solution: Transfer 2.5 mL of 
hydrogen peroxide to a 25-mL volumetric fiask. Dilute 
with pH 4,5 water to volume. 

pH 9.0 formaldehyde solution: Adjust a 100-mL for- 
matdehyde solution to a pH of 9.0 with 0.1 N sodium 
hydroxide. 

Bromelain preparation: Weigh 100 mg of bromelain 
with a theoretEcal activity of 2400 GDU/g. If the sample 
activlty dtffers by morę than 10% from 2400 GDU/g, de¬ 
termine the sample weight: 

mg of sample - (2400 x 10Q)/theoretical activity 

Transfer the sample to a 50-mL volumetric fiask. Add 
8.3 mL of Buffer soiution. Let stand for 30 min at room 
temperaturę. Dilute with pH 4.5 water to volume, Add a 
smali stir bar and stir for 7 0-15 min. This solution must 
be tested within 30 min of the time the Buffer solution is 
added. 

Procedurę: Transfer 25 mL of Gelatin substrate to each 
of two 7 00-mL beakers containing stir bars and place 
them in a water bath at 45° for 5 min. One beaker Is for 
the Test solution and the other for the Blank solution. 

Test solution 

Add 7.0 mL of Bromelain preparation into the beaker, 
start timing, and swirl. 

After exactiy 20 min of inoubation at 45 c , add 0,1 mL 
of 3% Hydrogen peroxide solution , and swirl. 

Ineubate for an addltional 5 min. 

Remove the beaker from the water bath and, with 
constant stirrlng, insert the pH electrode. Record the pH 
after 10 s (initial pH), 

Adjust to a pH of 6.0 with 0.7 N sodium hydroxide. 
[Notę—W hen adjusting the pH to 6.0 be cautlous at 
pH 5.8; the pH inereases slowly but minutę additions of 
sodium hydroxide at this point wili significantly increase 
the pH,] 

Add 7 0 mL of pH 9,0 formaldehyde solution with con¬ 
stant stirnng. 

Titrate to a pH of 9.0 with 0.7 N sodium hydroxide 
V5. Record the volume of titrant used. This is the test 
titer, T. 
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Blank solution: Run concurrently with the Test solution 
by starting the Blank solution detemmination 12 min af¬ 
ter the Test solution h started. 

Add 0.1 mL of 3% Hydrogen peroxide solution to the 
Blank solution beaker, and swfrL 
After exacfly 20 min of incubation at 45°, add 1.0 mL 
of Bromelaln preparation, and swirL 
Incubate for an additional 15 min. 

Remove the beaker from the water bath and, with 
constant Stirring, insert the pH electrode. 

Record the pH after 10 s (initia! pH). 

Adjust to a pH of 6.0 with 0,1 N sodium hydroxice. 
See the Notę under Test solution, 

Add 10 mL of pH 9.0 formaIdehyde solution with con¬ 
stant stirring. 

Titrate to a pH of 9.0 with 0.1 N sodium hydroxide 
V5. Record the voiume of titrant used. Thls is the blank 
titer, B. 

Calculation 

One Gdatin Digestion Unit (GDU) is the amount of 
enzyme whtch, after 20 min of digestion at 45°, witl 
liberale 1 mg of amino nitrogen from a standard gelatin 
solution at a pH of 4.5. 

CDU/g = (T - fi) x 14 x IVx (50 /W) 

T - ml of 0,1 N sodium hydroxide used with the 
Test solution 

B = mL of OJ N sodium hydroxide used with the 
Blank solution 

N ~ actual normaiity of 0J N sodium hydroxide V5 
from standardization 
W = weight of bromelain taken (g) 

Bromlne, Br—At. Wt. 79,904 [7726-95-6 ]—Use ACS re- 

agent grade, 

rx-Bromo-2 y -acetonaphthone (Bromomethyl 2-naphthyf ke- 
tone), Ci 2 HgBrO—249.10—Tannish-pink crystals, 

Melting Rance (741): between 81° and 83°. 

p-Bromoanilme, C 6 H 6 BrN—172,02 [106-40Jj—Wbite to 

off-white crystals. Insoluble in water; sofuble in alcohol and 
in ether, 

Assay: Transfer about 650 mg, accurately weighed, to a 
suitable Container, and dissoive in 50 mL of glacial acetic 
acid T5. Add crystal violet TS, and titrate with 0.1 N per- 
chloric add V5. Perform a blank determination, and make 
any necessary correction. Each mL of 0.1 N perchloric acid 
is equivalent to 1 7.20 mg of C^H^BrN. Not less than 98% 
is found, 

Melting Rangę (741): between 60° and 65°, within a 2° 
rangę, 

Bromofliioromethane: Use a suitabfe grade, 

N-Brornosucdnimide, C 4 H 4 BrN0 2 — 1 77.98 [128-08-5]— 

White to off-white crystafs or powder, Freely solubie in 
water, in acetone, and in glacial acetic acid. [Caution; 

Highly irritating to eyes, skin, and mucous me mb ran es.] 
Assay: Transfer 200 mg, accurately weighed, to a conica! 
fiask, add 25 ml of 0,5 Ń alcohofic potassium hydroxide, 
cover with a watch glass, heat to boiiing, and boii for 
5 minutes. Cool, transfer the solution to a beaker, rinsing 
the fiask with water until the total vo!ume of solution plus 
rinsings is about 100 mL, and add 10 mL of giacial acehc 
acid. Insert suitabie electrodes, and titrate with OJ N silver 
nltrate VS, determining the endpoint potentiometncally. 
Each mL of 0 1 N sflver nitrate is equivalent to 1 7.80 mg 
of C 4 H.,BrN0 2 . Not less than 98% i$ found. 

Brudne Sulfate, (C 23 H 26 N z O .,)2 ■ H 2 50 4 ■ 7H 2 0—1013,11 
[60583-39-3]—Use ACS reagent grade. 


Buffers—See Buffer Solutions under Solutions. 

BuEane-1,2-diol (1 f 2-Butonediol), C 4 H 10 O 2 —90.12 
[584-03-2]—Use a suitabie grade with a content of NLT 
97%. 

Butane-1,4-drol (1 f 4-Butanediol f 1,4-Butylene Glycol) f 
C 4 Hia0 2 —90J2 [110-63-4]—Use a suitable grade with a 

content of NLT 98%. 

Butane-2,3-dioI (2,3-Butonediol, 2,3-ButyIene Glycol) f 
GH 10 O 2 —90.12 [51 3-85-9]—Use a suitable grade with a 

content of NLT 97%. 

1.3- Butanediol (1,3-Butylene Glycol), QHio0 2 —90J 2 
[107-88-0]—Viscous, colorless liguid. Very hygroscopic. Solu- 
ble In water, in afcohol. En acetone, and in methyl ethyl 
ketone; practically insoluble In allphattc hydrocarbons, in 
benzene, and in toluene. 

Assay: Inject an appropriate speclmen into a suitable gas 
chromatograph (see Chromatogrophy (621)) eguipped with 
a flame-ionization detector, helium being used as the car- 
rler gas. The following conditions have been found suita¬ 
bie: a 3-mm x 1. 8 -m stalnless steei column contalnfng 
20% phase Cl 6 on support SI A; the injection port tem¬ 
peraturę is maintalned at 265°; the column temperaturę is 
maintained at 150 D and programmed to rlse 8 ° per minutę 
to 210°. The area of the butanedlof peak is not less than 
98% of the to ta f peak area. 

REFRACTIVE Index (831): between 1,4390 and 1.4410 at 
20 °. 

2.3- Butanedione (Diacetyl), CH 3 COCOCH 3 —86.09 
[431-03-8]—Bright yellow to yelEowish-green lrquid. Soluble 
In water. Miscible with alcohol and with ether. Boifs at 
about 88 °. 

Assay 

Hydroxylamir»e hydrochloride solution: Dissolve 20 g 
of hydroxyiamine hydrochloride in 40 ml of water, ano 
diiute with alcohol to 400 mL. Add, with stirring, 300 mL 
of 0,5 N alcoholic potassium hydroxide VS, and filter. 
DIscard after 2 days. 

Procedurę: Transfer about 1 g, accurately weighed, to a 
gfass-stoppered, 250-mL fiask, add 75,0 mL of Hydroxyla- 
mine hydrochloride solution , and insert the stopper In the 
fiask. Reflux the mixture for 1 hour, then cooi to room 
temperaturę. Add bromophenol bfue T5, and titrate with 
0.5 N hydrochloric acid VS to a greenish-yellow 
endpoint. [Notę—A lternatively, the solution may be ti- 
trated potentiometrically to a pH of 3,4.] Perform a blank 
test with the same quantities of reagent used for the test 
specimen, and make any necessary correction. Each mL 
of 0.5 N hydrochloric acid is equiva!ent to 43.05 mg of 
CH 3 COCOCH 5 . Not less than 97% of CH 3 COCOCH 3 is 
found. 

Congealimg Temperaturę (651): between -2.0° and 
-5.5°. 

REFRACTWE lNDEX (831): between 1.3935 and 1.3965, at 
20 °. 

SPECIFIC Gravity (841): about 0.98. 

1-Butanesuffonk Acid Sodium Salt (Sodium 
1 -butanesulfonate), C, HoNa0 3 5—160,16 [2386-54-1 ]— 

Use a suitable grade with a content of not less than 99,0%. 

1.4- Butane Suitone (4-Hydroxyhutane-l-sulfonie Acid delta- 
sultone), CjHaOiS—136.17 [1 633-83-6]—Use a suitable 
grade with a content of NLT 99%. 

Butanol—See Butyl Alcohol. 

Butyl Acetate, Norma!, GHsCOOfChbJisCHj—116.16 
[123-86-4]—Use ACS reagent grade. 
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Butyl Alcohol (1-Butanol; Normai Butyl Alcohol), Chh 
(CH 2 ) 2 CH 2 OH—74.12 [71 -36-3]—Use ACS reagent grade. 

Butyl Alcohol, Normal—See Butyl AlcohoL 

Butyl Alcohol, Secondary (2-Butanoi), 

CH 3 CH 2 CH(OH)CHr-74.12 [78-92-2]—Use a suitable 

grade with a content of NLT 99%, 

Butyl Alcohol, Tertiary, (CH^COH—74,12 [75-65-0]— 

Use ACS reagent grade tert-Butyl Alcohol. 

Butyl Benzoate, CnHuOj—178.23 [1 36-60-7]—Thick, 

oily, colorless to pale yellow liquid. Practically insoiuble in 
water; soluble in alconoj and in ether, 

Assay; When examined by gas4iquid chromatography, jt 
shows a purity of not less than 98%. The following condi¬ 
tions have been found suitable for assay ing it: use a 3-mm 
x 1 . 8 -m stainless Steel column paclced with liguid phase 
G4 on support SI A. Helium is the carrier gas, fhe injection 
port temperaturę is maintained at 180°, the column tem¬ 
peraturę is maintained at 190 c , and the flame-ionization 
detector is maintained at 280T The retention time is about 
15 minutes. 

Refracuye lNDEX <831): between 1.4980 and 1.5000, at 
20 °, 

n-Bulyl Chloride (1-Chlarobutane), C 4 H 9 CI—92,57 
[109-69-3]—Clear, colorless, volatile fiquid, [Caution— 
Highly ffammable.] Practically insoiuble in water. Miscible 
with alcohol and with ether, Use HPLC grade. 

Butyl Ether (n-Dibutyl Ether), CaHiaO—130,23 
[142-96-1]—Use a suitable grade. 

Butyl MethacrylaEe, C fl H 14 0 2 —142.20 [97-88-1 ]—Use a 

suitable grade. 

ferf-Butyl FVIethyl Ether, C 5 H ]2 0—88.15 [1634-04-4]— 

Colorless liguid, 

Assay: Inject an appropiiate specimen into a gas chro¬ 
ma tog rap n (see Chromatography (621)) eguipped with a 
ffame-ionlzatton detector, helium being used as the carrier 
gas. The following conditions have been found suitable; a 
0.25-mm x 30-m caplllary column coated with a 1 -pm 
layer of phase G2; the injection port temperaturę is main- 
tained at 100 °; the detector temperaturę is maintained at 
300°; and the column temperaturę is maintained at ambi- 
ent temperaturę and programmed to rise 10 ° per minutę 
to 150° The area of the C 5 H 12 O peak is not less than 
99.8% of the total peak area. 

Refractive Index (831): between 1.367 and 1.371 at 20°. 

n-Butylamine, CHbCH^CH.CH.NHz—73.14 [109-75-9]— 

Colorless to pale yellow, flammable fiquid. Miscible with 
water, with alcohol, and with ether. Storę It in tight con- 
tainers. Specific gravity; about 0,740. 

Distilling Rangę, Method I <721): Not less than 95% dis- 
tills between 76° and 78°, 

Water Determinatign, Method I {921): not morę than 
1,0%, determmed by the Tftrimetric Method, 

Chioride (Reagent test): One g (1.5 mL) shows not morę 
than 0,01 mg of Cl (0,001%), 

AGDIC IMfurities: To 50 ml add 5 drops of a saturated 
solution of azo vioiet in benzene, and tltrate quickly with 
0.1 N sodium methoxide VS to a deep blue endpoint, ob- 
serving precautions to prevent absorption of atmosphenc 
carbon dioxide as by use of an atmosphere of nitrogen: 
not morę than 1.0 mL of 0.1 N sodium methoxide is re- 
guired for neutralization. 

ferr-Butylamfne, C 3 H 5 CNH 2 —73.14 [75-64-9]—Uq u id. 


Assay: Inject an appropriate volume into a gas chromato- 
graph (see Chromatography (621)) equipped with a flame- 
ionization detector, helium being used as the carrier gas, 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1-pm layer of 
phase G2; the injection port temperaturę is maintained at 
230°; the detector temperaturę is maintained at 300°; the 
column temperaturę is maintained at 1 30° and pro¬ 
grammed to rise 10° per minutę to 280°. The area of the 
C 3 H 9 CNH 2 peak is not less than 99.5% of the total peak 
area. 

Refractive 1ndex (831): between 1.3770 and 1.3790 at 
20 °, 

4-(ButyJamino)benzoic Acid, CnHsNO^—193,25 
[4740-24-3]—Use a suitable grade, 

[Notę—A suitable grade is available from Sigma-Aldrieh, 
Inc., P.O. 8 ox 2060, Milwaukee, Wl 53201; www.sigma- 
aldrich.eomj 


Add the following: 

A B u ty 1 a ted Hy d roxy to 1 u e n e (2,6-01- tert - b u tyl- 4 - m ethyłphe- 
nol; BHT; 2,6-Dhtert-butybp-cresol), C 75 H 24 O—22035 
[128-37-0]—Use a suitable grade, ausp 4 q 

n-Butylboronic Acid (1 -Butaneboronk Acid), C 4 !"kiB{OH)r— 
101.94 [4426-47-5]—Use a suitable grade, 

[Notę—T his reagent is usuaily shipped and stored under 
water, Before use, remove any excess water by llght vacuum 
filfration. A suitable grade is available from Sigma-Aldrieh, 
www.sigm a-ald rich. com.] 

ferf-Butyldimethylchlorosrlane in N-Methyl-N-tert- 
butyldimethyisilyltrifluoroacetamide, (1 in 100)—Use a 

suitable grade. 

[Notę—A suitable grade is available as 99% MTBSTFA, 1% 
TBDMCS from Regis Chemical Company, 821 0 Austin Ave,, 
P.O. Box 519, Morton Grove, IL 60053,] 

4- tert- B u ty I phe nol, Ci 0 H i4 O—150.22 [98-54-4]—White, 

crystalline ffakes or needles. Practically insoiuble in water; 
soluble in alcohol and in ether, 

MELTtNG RANGĘ <741): between 98° and 101°. 

[-Butyl thiol (tert-Butylthiol; tert-Butyl Mercaptan; 2-Methyl- 
2-propanethiol; TBM) f {CH 3 ) 3 C5H—90.19 [75-66-1 ]—Use a 
suitable grade with a content of NLT 98.0%. 

[Notę—A suitable grade is availab!e as caiafog number 
20230 at www.sigma-aldrkh.com,] 

Butyraldehyde (Butanol), C 4 HgO—72,11 [123-72-8]— 
Use a suitable grade, punfied by redistiJlation, with a con¬ 
tent of not less than 99.5%, 

Butyric Acid, C 4 Hs0 2 —88,11 [107-92-6]—Clear, tolor- 

less to faint yellow liquid. Miscible with water and with 
methanol. 

Assay: Weigh accurately about 500 mg, transfer to a suit¬ 
able Container, add 30 mL of water, and mix. Add 40 ml 
of water, and mlx. Add phenolphfhalein TS, and tltrate 
with 0,1 N sodium hydroxide VS. Each mL of 0.1 N so¬ 
dium hydroxicle is equivalent to 8,81 mg of C. s H s Oz: not 
fess than 99.0% of C 4 H s 0 2 is found. 

Refractive iNDEX <831): about 1.398 at 20 Q . 

Butyrolactone (Dih ydro-2 ~(3H) -fura no ne t y- bu tyra lactone )— 
86,1 [96-48-0]—Clear, colorless to practically colorless, 

oijy !iquid, Miscible with water, Soluble in methanol and in 
etner. 
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Boiling Rance (721); between 193 13 and 208°. 

Refractwe Index <83T): about 1.435, at 20*. 

Specific Cravity <841): between 1.128 and 1.135, 

Butyrophenone (Phenyl Propyl Ketone), C 10 Ht 2 O —148.21 

[495-40-93—Use a suitable grade with a content of not less 

than 98.0%. 

Cadmrum Acetate, C 4 H 6 CdO^ * 2H z O —266.53 

[543-90-8]—Coforless, transparent to translucent crystals. 

Freely soluble in water; soluble in alcohol. 

Insoluble Matter (Reagent test): not morę than 1 mg, 
from 20 g (0.005%). 

ChiohiDE (Reagent test): One g shows not morę than 
0,O1 mg of Cl (0.001%). 

Sulfate (Reagent tesL Method II)- Dissolve 10 g in 
100 mL of water, add 1 mL of hydrochloric add, and filter: 
the residue weighs not morę than 1.2 mg morę than the 
residue obtained in a complete blank test (0.005%). 
SUBSTANCES IMOT PRECIPITATED BY HYDROGEN SULFIDE: DlS- 
solve 2 g in a mixture of 1 35 ml of water and 15 mL of 
1 N sulfuric add, beat to boiling, and pass a rapid stream 
of hydrogen sulfide through the solution as it cools. Filter, 
and to 75 mL of the elear filtra te add 0,25 mL of sulfuric 
add, then evaporate to dryness, and rgnite gently: the resi¬ 
due weighs not morę than 1 mg (0,1%). 

Cadmlum Ni tratę, Cd(NOj) 2 - 4H 2 0—308.48 

i[10325-94-7]~Colories$, hygroscopic crystals. Very soluble 

in water; soluble in alcohol. 

Insoluble Matter (Reagent test): not morę than 1 mg, 
from 20 g (0.005%). 

Chloride (Clj (Reagent test): One g shows not morę than 
0.01 mg of Cl (0,001%). 

Sulfate (Reagent test, Method II ): Evaporate a mixture of 
12 g of speefmen and 25 mL of hydrochloric add on a 
steam bath to dryness. Add another 15 mL of hydrochloric 
add, and again evaporate to dryness, Dissolve the residue 
in 100mL of water, filter, and add 1 mL of hydrochloric 
add: the residue weighs not morę than 1.0 mg morę than 
the residue obtained in a blank test (0.003%). 

Copper (Cu): Dissolve 0.5 g In 10 mL of water, add 10 mL 
of Ammonium Citrote Solution (see Lead (251)), and adjust 
the reaction to a pH of about 9 by the addition of 1 N 
ammonium hydroxide (about 30 mL), Add 1 mL of sodium 
diethyldilhiocarbamate solution (1 in 1000), and mix. Add 
5 mL of amyl alcohol, shake for about 1 minutę, and allow 
the layers Lo sępa ratę: any yellow color in the amyl alcohol 
layer is not darker than that of a blank to which 0.01 mg 
of Cu has been added (0,002%). 

Iron (Fe): Dissolve 1 g in 15 mL of water, add 2 mL o r 
hydrochloric acid, and boil for 2 minutes. Cool, and add 
about 30 mg of ammonium persulfate and 15 mL of a so¬ 
lution of potassium thiocyanate in normal butyl akoho 
(madę by disso)ving 10 g of potassium thiocyanate in 
10 mL of water, warming the solution to about 30°, dilut- 
ing with normal butyl alcohol to 100 mL, and shaking jntil 
elear). Shake vigorously for 30 seconds, and allow the lay¬ 
ers to separate: any red color in the elear alcohoiic layer is 
not darker than that of a blank to whtch 0.01 mg of Fe 
has been added (0.001%). 

Lead <Pb>: Dissolve 1.0 g in 10 mL of water, add 0.2 ml 
of glacial acetic add, ana filter if necessary. To a 7-mL 
portion of water add 0.2 mL of glacial acetic acid and 
3 mL of Standard Lead Solution (see Lead <251)), and mix, 
to provide a blank, Then add to eacli solution 1.0 ml of 
potassium chromate solution (1 in 10), and mix: after 
5 minutes, the test solution is not morę turbid than the 
blank (0.003%). 

SUBSTANCES NOT PRECIPITATED BY HYDROGEN SULFIDE: DfS- 
soive 2 o in 145 mL of water, add 5 mL of sulfuric add (1 
in 10), neat to boiling, and pass a rapid stream of hydro¬ 
gen sulfide through the solution as it cools. Filter, and to 


75 mL of the elear fil tratę add 0.25 mL of sulfuric acid, 
then evaporate to dryness, and ignite gently: the residue 
weighs not morę than 1 mg (0.1%). 

Caldum Acetate, Ca(C 2 Hj0 2 ) 2 ■ H 2 0—176.18 
[5743-26-0]—White, crystalline granules or powder. Soluble 
in about 3 parts of water; slightly soluble in alcohol. Use 
ACS reagent grade. 

Caldum Carbonate, CaCGb—100.09 [471-34-1]— Use 

ACS reagent grade. 

[NOTĘ—Caldum Carbonate of a ąuallly suitable as a pri¬ 
ma ry standard is available from the National Institute of 
Standards and Technology, Office of Standard Reference 
Materials, www.nfst.gov, as standard sample No. 915.] 

Calcium Carbonate, Chelometric Standard, CaC0 3 — 
100.09 [471-34-1]—Use ACS reagent grade. 

Caldum Caseinate—White or slightly yellow, nearly 
odorless, powder. Insoluble in cola water, but forms a milky 
solution when suspended in water, stirred, and heated. 
Residue on ignition (Reagent test): Ignite 5 g at 550°: the 
residue weighs between 150 and 300 mg (3.0% to 6.0%). 
Calcium: Treat the residue from the preceding test with 
10 ml of diluted hydrochloric acid, filter, and to the elear 
filtrate add 5 mL of ammonium oxalate TS: it shows a 
white precipitate upon standing. 

Loss on DryinG (731): Dry it in vacuum at 7Q D to con- 
stant weight: it loses not morę than 7.0% of its weight. 
FAT: Suspend 1.0 g in 5 mL of alcohol in a Mojonnier 
fiask, add 0.8 mL of stronger ammonia water and 9 mL of 
water, and shake. Add a second 5-mL portion of alcohol, 
then add successive portions of 25 mL each of ether and 
solvent hexane, shaking after each addition by rrwerting 
the fiask 30 times. Centrifuge, decant the solvent layer, 
evaporate it at a Iow temperaturę, and dry on a steam 
batn: the residue weighs not morę than 20 mg (2.0%). 
Nitrogen Determination <461}, Method I : Between 
12.5% and 14.3% of N is found, calculated on the anhy- 
drous basts. 

SusPENSiBiLiTY IN Water: Place 2 g in a beaker, and add 
cool water slowly with stirring to Form a thin, smooth 
pastę. Add addltional water to make a total of 100 mL, 

Stir, and heat Lo 80°: a milky suspension is formed that 
does not settle after standing for 2 hours. 

Caldum Chloride, CaCb ■ 2H 2 0—147.01 
[10035-04-8]-“Use ACS reagent grade Caldum Chloride Di- 
hydrate. 

Cafcium Chloride, Anhydrous (for drying), CaCL—110.98 
[ 10043-52-4]—Use ACS reagent grade Caldum Chloride 
Desiccant. 

Calcium Ci tratę, Ca 3 (Qt-U0 2 ) 2 ■ 4H 2 0—570,49 
[813-94-5]—A white, crystalline powder Freely soluble in 
3 N hydrochloric acid and in 2 N nitric acid; slightly soluble 
in water; insoluble m alcohol. To 15 mL of hot 2 N sulfuric 
acid add, in smali portions and with stirring, about 500 mg 
of calcium citrate. Boil the mixture for 5 min, and filter 
while hot: the cooled filtrate responds to the Identification 
test for tdentificotion Tests — General, Citrate (191). 

ASSAY: Accurately weigh about 400 mg of the salt, previ- 
ously dried at 150 c to constant weight, and transfer to a 
250-mL beaker. Dissolve the test specimen in 150 mL of 
water containing 2 mL of 3 N hydrochloric add, add 
15 mL of 1 N sodium hydroxide and 250 mg of hydroxy 
naphthol blue, and titratę with 0.05 M edetate disodium 
VS until the solution turns deep blue. Each ml of 0.05 M 
edetate disodium is equivalent to 8.307 mg of calcium cit¬ 
rate [CaifCńHsO^a]: between 97.5% and 101% is found. 
Calcium Okide and Carbonate: Triturate 1 g of calcium 
citrate with 5 mL of water for 1 min: the mixture does not 
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turn red litmus blue. Then add 5 mL of warm 3 N hydro¬ 
chloric acid: only a few isolated bubbles escape. 
Hydrochloric Aod-Insgluble Matter: Dissolve 5 g by 
heatlng with a mixture of 10 mL of hydrochloric acid and 
50 mL of water for 30 min: not morę than 2,5 mg of insol- 
uble residue remains (0.05%), 

LOSS ON Drying (731): Dry it at ISO 3 to constant weight: 
it loses between 12.2% and 13.3% of its weight 
Arsenic (211): Proceed with 0.50 g as directed for or¬ 
ganie compounds (6 ppm of As). 

HEAVY METALS (reagent test): 0.002%, 

Calcium Hydroxide [1 305-62-G]—Use ACS reagent grade. 

Calcium Lactate, (CHjCH OHCOO) 2 Ca ■ 5 H r O—308,29 
[814-80-2]—White granules or powder. Is somewhat efflo- 
restent and at 120° becomes anhydrous. One g dissoJves in 
20 ml of water; practically insoluble in alcohol, Storę it in 
tight containers. 

Assay: Accurately weigh about 500 mg, previously dried 
at 120“ for 4 hours, transfer to a suitable Container, and 
dissolve in 150 mL of water eontaining 2 mL of dituted hy¬ 
drochloric acid. Add 15 mL of sodium hydroxide TS and 
300 mg of hydroxy naphthol bJue indicator, and titratę 
with 0,05 M edetate disodium V5 until the solution is deep 
blue, Each mL of 0.05 M edetate disodium is equivalent to 
10,91 mg of QHmCaO*. Not less than 98% is found. 

Loss ON Drying <731): Dry it at 120° for 4 hours: it loses 
between 25.0% and 30.0% of its weight. 

Acjdity: Add phenolphthalein TS to 20 mL of a 1 in 20 
solution, and U tratę with 0.10 N sodium hydroxide: not 
morę than 0.50 mL is regutred to produce a pink color. 
Heavy Metals (Reagent test): Dissolve 1 g in 2.5 mL of 
diluted hydrochloric acid, dilute with water to 40 mL, and 
add 10 mL of hydrogen sulfide TS: any brown color pro* 
duced is not darker than that of a control eontaining 
0.02 mg of added Pb (0,002%). 

Magnesium and Alkau Salts: Mix 1 g with 40 mL of 
water, carefully add 5 mL of hydrochloric acid, heat the 
solution, boil for 1 minutę, and add rapidly 40 ml of oxaJic 
add TS. Add immediately to the warm mixture 2 drops of 
methyi red TS, then add ammonia TS dropwise, from a 
bu ret, untif the mixture is just al kalinę. Cool to room tem¬ 
peraturę, transfer to a 100-mL graduated cylinder, dilute 
with water to 100 ml, mix, and altów to stand for 4 hours 
or oyernight, Filter, and transfer to a platinum dish 50 mL 
of the elear filtrate, to whlch has been added 0.5 ml of 
suifuric acid, Evaporate the mixture on a steam bath to a 
smali bulk, Carefully heat over a free flame to dryness, and 
contlnue heating to complete decomposkion and voJatifi- 
zation of ammonium salts. Finally ignite the residue at 
800 ± 25° for 15 minutes: the residue weighs not morę 
than 5 mg (1 %), 

Volattle Fatty Acid: Stir about 500 mg with 1 mL of sul- 
furic acid, and warm: the mixture does not emit an odor 
of volatile fatty acid. 

Calcium Nitrate, Ca(NOi)i * 4 HjO— 236.15 
[1 3780-06-8]—Use ACS reagent grade. 

Calcium Pan to then a te, Dextro—Use Calcium Pantathenate 
(USP monograph), 

Calcium Sulfate—See Cakium Sulfate Dihydrate . 

Calcium Sulfate Dihydrate, CaSO.i * 2H z O—17Z17 
[10101-41-4]—Use ACS reagent grade. 

Calconcarboxylic Acid (2*NaphthaIenecarboxyIic add, 3-hy - 
droxy-4-[(2-hyamxy‘4-sulfo-1 - nap h C h alenyl)azo]; Calcom 3 <ar- 
boxylic Acid; Cal-Red), C a iHnN z 0 7 S—438.42 
[3737-95-9]—Use a suitable grade. 


Calconcarboxylk Acid Trifurate; Mix 1 part of calcom 
carboxylie acid with 99 parts of sodium chloride. 

Test for Senshwity: Dissoive 50 mg of całconcarboxylk 
acid triturate in a mixture of 2 mL 1 u N sodium hydroxide 
and 100 mL of water, The solution is blue but becomes 
violet on addition of 1 ml of a 10 g per L solution of mag¬ 
nesium sulfate and OJ mL of a 1.5 g per L solution of 
calcium chloride and turns pure blue on addition of 
0J5 mL of 0.01 M sodium edetate. 

Calf Thymus DNA—Use a suitable grade. [Notę—A suitable 
grade is commerdally available from Worthington Biochemi* 
cal Corp,, www.worthington-biochemxom.] 

d/-Camphene, CioHić—136,24 [79-92-5]— Use a suitable 

grade, 

[Notę—A suitable grade is avaitabie as camphene, 95%, 
cataJog number 45,606-5, from Sigma-Aldricn, www.sigma- 
aldrich.eom.] 

d-10-Camphorsulfonk Add [(1 S)~(+)d O-Camphorsulfonlc 
acid; (ISyCamphor-lO-sulfonic acid; (+)-Camphor-1Q-sulfonie 
acid (p)], C, 0 Hi 6 O 4 S—232,30 [3144-16-9]—Use a suitable 
grade, 

[NOTĘ—A suitable grade rs avaifabie as catalog number 
C2107from www.sigma-aldrich.com.] 

dMO-Camphorsulfonk Acid, [Camphor-10-sulfonie acid (fi)]; 
f(RS)d 0-Camphonulfonic acidl CioHtćGhS—232.30 
[5872-08-2]— Is optically inactive. 

Use a suitable grade. 

[Notę—A suitable grade is avatlable as catalog number 
147923 from www.sigma-aldrkh.com.] 

Canada Balsam [8007-47-4]—A natura! product derived 
from the resin of Abies balsamea . Use a suitable grade. 

Canola Oil [120962-03-0]—Use a suitable grade. 

Caprk Add (Decanoic Add), CiohhoCb—172,26 
[334-48-5]—White, solidified melt or fragments. Soluble in 
akohol, in chloroform, and in ether; practically insoluble in 
water, 

ASSAY: Inject an appropriate sam ple dissolved in acetone 
into a gas chromatograph (see Chromatography (621)) that 
is equipped with a flame-ionization detector and contains 
a 0,53-mm x 30-m capillary column coated with a layer of 
hase G25, The carrier gas is helium, flowing at a ratę of 
mL per minutę. The chromatograph is programmed as 
follows, Initially the column temperaturę is eguilibrated at 
150°, then the temperaturo is inereased at a ratę of 10' 3 
per minutę to 250°. The injection port temperaturo is 
maintained at 240°, and the detector temperaturę at 265°. 
The area of the capric add peak is not less than 98.5% of 
the total peak area, 

MELTING Rangę (741): between 30° and 33°. 

Carbazole, CtaHsN—167.21 [86-74-8]—Off-white to tan 

powder. 

Assay: Inject an appropriate volume into a gas chromato¬ 
graph (see Chromatography (621» equipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The folłowing conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1 -um layer of 
pliase G2; the injection port temperaturę is maintained at 
280°; the detector temperaturę is maintained at 30G P ; and 
the column temperaturę is maintained at 280 Q . The area of 
the Cj?H 9 N peak is not less than 95,5% of the total peak 
area. 

Carbon Dloxide Detector Tubę—A fuse-sealed glass tubę 
so designed that gas may be passed through it. Contains 
suitable absorbing fflters and support media for the indica- 
tors hydrazine and crystal violet. 
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Measuring Rangę: 0.01 to 0.3 VoL-%. 

[Notę—A vallable from Draeger Safety, Inc,, 
www.draeger.com, or from Gastec Corp., www.gastec.co, 
jp, distributed in the USA by www, nextteq.com.] 

Carbon Disulfide, Chromatographic—Use a suitable grade. 

Carbon Disulfide, CS [75-15-0]—Use ACS reagent grade. 

Carbon Monoxide Detector Tubę—A fuse-sealed glass tubę 
so designed that gas may be passed through it Contains 
suitable absorbing fiiters and support media for the indica- 
tors iodine pentoxide and seienium dioxide and fuming sul- 
furic acid. 

Measurinc Rangę: 5 to 150 ppm. 

[Notę—A vai]able from Draeger Safety, Inc, 
www. draeger.com, or from Gastec Corp,, w w w. gastec, co. 
jp, distributed in the USA by www.nextteq.com.j 

Carbon Tetrachloride, CCh—153.82 [56-23-5]—Use a 

suitable grade with a content of NLT 99.9% by gas chroma- 
tography. 

Carboxylate (Sodium Form) Cation-exchange Resin (50- 
to 100-mesh)—See Cation-Fxchange Resin, Corboxyiate (So¬ 
dium Form) (50- to 100-mesh). 

Carboxymethoxyfamine Henilhydrochlonde, 

I(C 2 H s NO*) « H Cl—218,59 [2921 -14-4]—Wh i te, crystal- 

linę powder, Use a suitable grade. 

Carmine (Aium Lakę of Carmink Acid% C^EboO^ * xAI 
[1 390-65-4]—Red powder. Use a suitable grade. 

( R)- (-)-Carvon e (2-Methyi-5-(l-methyiethenyl) -2- cycfohexene- 
1 -one), C 10 HijO— 150.22 [6485-40-1]—Use a suitable 

grade. 

Casein [9000-71-9]—White or slightiy yellow, granular pow¬ 
der, Insoluble in water and in other neutral solvents; readily 
dissofved by ammonia TS and by Solutions of a łkali hydrox- 
ides, usualfy forming a cloudy solution. 

RESIDUE on [GNtTlON (Reagent test): Ignite 2g: the residue 
weighs not morę than 20 mg (1.0%). 

Loss ON DRYtNG (731): Dry it at 105 D to constant weight: 
it loses not morę than 10.0% of its weight, 

ALKALINITY: Shake 1 g with 20 mL of water for 10 min- 
utes, and filter: the fil tratę is not alka linę to red Jitmus 
paper. 

SOLUBLE Substances: When the filtrate from the Aikalinity 
test is evaporated and dried at 105% the residue weighs 
not morę than 1 mg (0,1%). 

Fats: Dissofve 1 g in a mixture of 10 ml of water and 
5 mL of alcoholic ammonia TS, and shake out with two 
20-mL portions of solvent hexane. Evaporale the hexane at 
a Iow temperaturę, and dry at 80°: the weight of the resi¬ 
due does not exceed 5 mg (0.5%). 

Nitrocen Determination (461), Method I: between 15.2% 
and 16.0% of N Is found, on the anhydrous basis, 

Where vitamin-free casein is regulred, use casein that 
has been rendered free from the fat-soluble vltamins by 
continuous extraction with hot alcohol for 48 hours fol- 
lowed by air-drying to remove the solvent. 

Casein, Hammarsten [9000-71 .-9]—Use a suitable grade. 

Catechol (o Dihydimybenzene; Pyrocathecot), QH 4 (OH) 2 — 
110.11 [120-80-9]—White crystals, which become discol- 

ored on exposure to air and fighl. Readily sofuble in water, 
in alcohol, In benzene, in ether, in chloroform, and in pyri- 
dine, forming elear Solutions. 

Use a suitable grade with a content of not less than 99%. 

Cation-Exchange Resin—Use a suitable grade. 


[Notę—A suitable grade is avai!able commerda! !y as 
"Dowex 50-W-X8-l 00/' from Sigma-Aldrlch, www.sigma- 
aldrich.com.] 

Cation-Exchange Resin, Carboxy!ate (Sodium Form) (50- 
to 100-mesh)—Use a suitable grade. 

[Note—A suitable grade is availabie as "Bio-Rex 70"' from 
BioRad Laboratories, www.bio-rad.conn.] 

Cation-Exchange Resin, Poiystyrene—Use a suitable grade. 

[Notę —A suitable grade is avaifable as Dowex-50X2-100, 
from Sigma-Aldrich, www.sigma-aldrich.com.] 

Cation-Exchange Resin, 5tyrene-Divinylbenzene—A 
strongly acidlc, cross-linked sulfonated resin containing 
about 2% of divinylbenzene. It is available in the hydrogen 
form in the 50- to 100-, 100- to 200-, and 200- to 
400-mesh sizes. It can be regenerated to the hydrogen form 
by treating with a hydrochloric acid solution (5 In 100). For 
satłsfactory regeneration, a contact time of at least 30 min- 
utes is reguired after which it must be washed free of excess 
acid. It is insoluble in water, in methanol, and in acetoni- 
trile. Suitable for use in column chromatography. 

Moisture Content of Fully Regenerated and Expanded 
Resin: Transfer 10 to 12 mL of the resin (as received) to a 
fiask, and convert it completely to the hydrogen form by 
stirrlng with 150 mL of hydrochloric acid solution (5 in 
100) for not less than 30 minutes. Decant the acid, and 
wash the resin in the same manner with water until the 
wash water is neutral to Ittmus (pH 3.5). 

Transfer 5 to 7 mL of the regenerated resin to a glass 
fiftering erucible, and remove only the excess surface water 
by very careful suctlon filtration. Transfer the conditioned 
resin to a tared weighing bottle, and weigh. Dry in a vac- 
uum oven at a pressure of 50 mm of mercury at 100° to 
105° for 16 hours. Transfer from the vacuum oven to a 
desiccator, cool to room temperaturę, and weigh aga In. 
The loss in weight is between 75% and 83%. 

Total Wet Volume Capagty; Transfer 3 to 5 mL of the 
regenerated, undried (See Moisture Content above) resin to 
a 5-mL graduated cylinder, and fil! It with water, Remove 
any air bubbles from the resin bed with a stainless Steel 
wire, and settle the resin to Its minimum volume by tap- 
ping the graduated cylinder. Record the volume of the 
resin. 

Transfer the resin to a 400-mL beaker, Add about 5 g of 
sodium chloride, and titrate, stirrlng well, with 0,1 N so¬ 
dium hydroxide to the blue endpoint of bromothymol 
blue (pH 7.0). 

(net mL NaOH x N)/(mL of resin) = mEq/mt 

The total wet volume capacity of the resin ss morę than 
0,6 mEq per mL. 

Wet Screen Analysis: The purpose of this test is to prop- 
erly identify the mesh size of the resin. To obtain an accu- 
rate screen analysis would require a special apparatus and 
technique. 

Add 1 50 mL of resin to 200 mL of water In an appropri- 
ate bottle, and alfow it to stand at least 4 hours to com¬ 
pletely swell the resin. 

Transfer, by means of a graduated cylinder, 100 mL of 
settled and completely swoi len resin to the top screen of a 
senes of the designated U.S. Standard 20.3-cm brass 
screens. Thorougnly wash the resin on each screen with a 
stream of water until the resin is completely dassified, col- 
lecting the wash water in a suitable Container. Wash the 
beads remainlng on the respective screens back into the 
100-rnL graduate, and record the volume of settled resin 
on each screen. At least 70% of the resin will be wifchin 
the specific mesh size. 

[NOTĘ—A suitable resin is Dowex 50WX2, produced by 
Dow Chemical Co. (www.dow.com) and also avaiiabfe 
through Sigma-Aldrich (www.slgma-aldrich.com).] 
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Cation-Exchange Resin, 5tyrene-Divinylbenzene, Strongly 
Acidic—Use a suitable grade. 

[Notę —A suitable grade is available commerdally as 
"Dowex 50-W- KS-IOG," from Sigma-Aldrich, www.sigma- 
aldrich.comj 

CatiomExchange Resin, Sulfonie Acid—Use a suitable 
grade. 

[NOTĘ—A suitable grade is available commercially as 
"Amberlyst 15" or as "Dowex 50-W-X2" from Sigma- 
Aldrich, www.sigma-afdrich.comJ 

Cedar Oii (for clearing microscopic sections) [8000-27-9]— 
A selected, distilled oiTfrom the wood of the red cedar, 
juniperus virginiana Linne (Fam. Pinaceae), should be used 
for this purpose. Refractive index: about 1.504 at 20°. For 
use with homogeneous immersion lenses, a spedally pre- 
ared oil having a refractive index of 1.5150 ± 0.0002 at 
0° is required. 

Cellulose, Chromatographic —Use a suitable grade. 

[Non—A suitable grade is available from EMD Chemicals, 
www.emdchemicals.comJ 

Cellulose, Microcrystallme—Use Cellulose, Microcrystalline, 
FCC. 

Ceiiulose Mlxture, Chromatographic—Use a suitable 
grade. 

[NOTĘ—A suitable grade is available commercially, in 
precoated piąte form, with fluorescent indicator, from EMD 
Chemicals, www.emdchemicals.comj 

Ceric Ammonium Nitrate, Ce(NO}) 4 ■ 2NH 4 N0 3 —548,22— 
Use ACS reagent grade. 

Ceric Ammonium Sulfate, Ce(S0 4 )2 - 2(NH 4 ) 2 $Q 4 -2F1 2 0— 
632.55—Yellow to yelfowish-orange crystals. Dissolves 
slowly in water, but morę rapidly when minerał acids are 
present. Use ACS reagent grade. 

Ceric Sulfate, Ce(S0 4 )2 with a variable amount of water— 
(anhydrous) 332.24 [13590-82-4]—It may also contain 

sulfates of other associated rare earth elements. Yellow to 
orange-yellow crystals or crystalline powder. Practically insol- 
uble in cold water; slowly soluble in cold dilute minerał 
acids, but morę readily soluble when heated with these sol- 
vents, 

Assav: Weigh aecurately about 800 mg, transfer to a 
fiask, add 25 ml of water and 3 mL of sulfuric acid, and 
warm until dissolved. Cool, and add 60 mL of a mixture of 
1 volume of phosphonc acid and 20 volumes of water. 

Add 25 mL of potassium iodide solution (1 in 10), insert 
the stopper in the fiask, and aflow to stand for 15 minutes, 
Replace the air over the solution with carbon dioxide, and 
wnile continuing the flow of carbon dioxide into the fiask, 
titrate the Jiberated iodine with 0.1 N sodium thiosulfate 
V5, adding 3 mL of starch TS as the endpoint is ap- 
proached. Each mL of 0.1 N sodium thiosulfate is equiva- 
lent to 33,22 mg of Ce(S0 4 ) 2l Not less than 80.0% is 
founcL 

Chloride (Reagent test): Dissolve 1 g in a mixture of 
5 mL of nitric add and 4 mL of water. Fflter, if necessary, 
and dilute with water to 20 mL. To 10 mL of the dilution 
add 1 mL of sitver nitrate TS, allow to stand for 10 min- 
utes, and filter until elear. To the remaining 10 mL of test 
solution add 1 mL of sNver nitrate TS: any turbidity pro- 
duced does not exceed that in a control prepared by add¬ 
ing 0.05 mg of Cl to the filtrate obtained from the first 
10 mL of test solution (0,01%). 

Heavy Metals: Heat 500 mg with a mixture of 10 mL of 
water and 0.5 mL of sulfuric acid until solution is com- 
plete. Cool, dilute with water to 50 mL, and bubbfe hydro- 
gen sulfide gas through the solution until it is saturated: 


the predpitate that is formed is wbite or not darker than 
pale yellow. 

Iron: Dissolve 100 mg in a mixture of 5 mL of water and 
2 ml of hydrochloric acid, warmina if necessary, and cooL 
Transfer to a glass-stoppered cylinder, dilute with water to 
25 mL, and add 5 mL of ammonium thiocyanate TS and 
25 mL of ether, Shake gently, but well, and allow the lay- 
ers to separate: any pirik cofor in the efher layer is not 
darker than that of a control, similarly prepared, contain- 
ing 0,02 mg of added Fe (0.02%), 

Cesium Chloride, CsCI— 168.36 [7647-17-8]—A white 

powder. Very soluble in water; freely soluble in methanol; 
practicafly insoluble in acetone. Use a suitable grade, 

Cetrimide—See Cetyltrimethyfommonium Brom i de. 

Cetyltrimethylammonlum Brom id e (CTAB; Cetrimide; Hex- 
adecyltrimethyiammonium Bromide), C^M ^BrN—364.46 
[57-09-0]—Use a suitable grade. For any chromatographic 
appltcation, use a suitable grade with a eon tent of not less 
than 99,0%. 

Cetyltrimethyiammonium Chloride, 25 Percent in Water, 
CisH 42 CIN—320.00—Use a suitable grade, 

Charcoal, Aotlvated (Actiyated Carbon; Decoiorizing Carbon) 
C—12,01 [7440-44-0]—A fine, black powder, which is the 

residue from the destructive distillation of various organie 
materials, treated to inerease its high capadty for adsorbing 
organie coforing substances, as well as nitrogenous bases. 
Use Activated Ćnarcoal (USP monograph). 

Chenodeoxycholic Add, C 24 hbo0 4 —392,57 
[474-25-9]—White to off-whlte powder. Use a suitable 
grade with a eon tent of NLT 95%. 

Chloraminę T (Sodium p-Toluenesułfonchloramide), C?H?ON- 
NaCbS * 3 H 2 0—281.69 [7080-50-4]—Use ACS reagent 

grade. 

Chlorine, 02—70.9 [7782-50-5]—Greenish-yellow gas. 
High-purity grade available from most suppliers of speciafty 
gases. 

Chlorine Detector Tubę—A fuse-sealed glass tubę so de- 
signed that gas may be passed through it and containing 
suitable absorbing Fifters and support media for the indica- 
tor otolidine. 

Measurinc Rance: 0,2 to 3 ppm. 

[Notę—A vailabie from Draeger Safety, Inc., 
www, draeger.com, or from Gastec Corp v www.qastec.co, 
jp, distributed in the USA by www.nextteq.comJ 

rn-Chloroacetamlide, CeHaCINO—169.61—Off-whrte to 
beige granules. 

Assay 

Mobile phase: Preparę a mixture of acetonitrile and 
water (22:3). 

Procedurę: Inject about 20 pL into a suitable liguid 
chromatograph (see Chromatography (621)) equipped 
with a 254-nm detector and a 4.6-mm x 15-cm cotumn 
that contains packing LI. The flow ratę is about 1.5 mL 
per minutę. Tne area of the C B H a CINO peak is not less 
than 9 9.9% of the totai peak area. 

Meltinc Rangę (741): between 79 a and 80*. 

p-Chloroacetaniiide, CbHsCINO— 169,61—White or pale 
yellow, needle-shaped crystals or crystalline powder. fnsolu- 
ble in water; soluble in alcohol and in ether. 

SOLUBIUTY: One g dissoives in 30 mL of alcohol to form a 
dear solution. 
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Melting Rangę (741): between 178° and 181°. 

Residue on Ignition (Reagent test): not morę than 0.1%. 

1 -Chloroadamantane, Ci D Hi 5 CI—170.68 [935-56-8]— 

White crystalline solid. 

ASSAY: Inject an appropriate vo!ume Into a gas chromato- 
graph (see Chromatography (621)) equipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The foifowfng conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1-j.im layer of 
phase G2; the injection port temperaturę is maintained at 
250°; the detector temperaturę is maintained at 300°; and 
the column temperaturę h maintained at 150° and pro- 
grammed to rise 10° per minutę to 280°. The area of the 
CioH 15 CI peak is not less than 97.5% of the total peak 
area. 

2-Chloro-4-aminobenzoic Acid—See 4-Amino- 

2- chlorobenzok Acid , 

5-Chloro-2-aminobenzophenone—See 2-Amino- 
5 - chto ro benzophen one. 

3- Chioroaniline, CeHeCIN—127.57 [1 08-42-9]—Color- 

less to light brown liquid. Soluble in acid and in most or¬ 
ganie soJvents; practical ly insoluble in water. 

Assay: Inject an appropriate spedmen Into a gas chro- 
matograph (see Chromatography (621)) equipped with a 
flame-ionization detector, helium being used as the carrier 
gas. The following conditions have been found suitable: a 
0.25-mm x 30-m capillary column coated with a l-pm 
layer of phase G2; the injection port temperaturę is main¬ 
tained at 250 a ; the detector temperaturę is maintained at 
300°; and the column temperaturę is maintained at 150° 
and próg ram med to rise 10° per minutę to 280°, The area 
of the CńHsCIN peak is not less than 99% of the total peak 
area. 

Refractive Index (831): between 1.592 and 1.596 at 20°. 

p- Chioroaniline, (4-ChloroaniHne), C e H e CIN—127.57 
[10ó-47-8]—Use a suitable grade. 

Chlorobenzene, C^kUCI—112.56 [108-90-7]—Clear, col- 

orless liquid. Insoluble in water; soluble in alcohol, in ben- 
zene, in chloroform, and in ether. Use AC5 reagent grade. 

4- Chiorobenzoic Acid, CIC ć H 4 COOH—156.57 
[74-11-3]—White, crystalline solid. 

Assay: DEssotve about 700 mg, accurately weighed, in a 
mixture of 100 ml of hot alcohol and 50 mL of water. 
Titrate with 0.5 N sodium hydroxide VS, determining the 
endpoint potentiometrically, Perform a blank detemnins- 
tion, and make any necessary correction. Each mL of 0.5 N 
sodium hydroxide is equivalent to 78.28 mg of 
CIC 6 H 4 COOH. Not less than 98% is found. 

Solubility: One g dissolved in 25 mL of 0.5 N sodium 
hydroxide yields a elear and complete solution. 

m-Chlorobenzoic Add (3-Chlorobenzok Acid), C 7 H 5 CIC 2 — 
156.57 [535-80-8]—Use a suitable grade. 

4-Chlorobenzophenone, CuH^CIO—216.66 
[1 34-85-0]—Use a suitable grade. 

1- Chlorobutane—See n-Rutyl Chlonde . 

2- Chloroethanol (Ethylene Chlorohydrin), C 2 H 5 CIO—80.51 
[107-07-3]—Use a suitable grade with a content of NLT 
99%. 

2-Ch!oroethylamine Monohydrochlonde, C 2 H Ć CIN * MCI¬ 
II 5.99—Off-white powder. 

ASSAY: Inject an appropriate specimen into a gas chro- 
matograph (see Chromatography (621)) eguipped with a 


flame-ionization detector, helium being used as the carrier 
gas. The foltowing conditions have been found suitable: a 
0.25-mm x 30-m capillary column coated with a 1-jtm 
layer of a phase consisting of 14% cyanopropylphenyl- 
86% dimethyipolysiloxane; the injection port temperaturę 
is maintained at 150°; the detector temperaturę is main¬ 
tained at 300°; and the column temperaturę is maintained 
at 50° and próg ram med to rise 10° per minutę to 200°. 
The area of the C Z H^GN ■ HCI peak is not less than 99% of 
the total peak area. 

MELTING Rangę (741): between 150° and 246°. 

Chloroform, CHCIi—11938 [67-66-3]—Use ACS rea¬ 

gent grade. 

Chloroform, Alcohol-Free—Use a suitable grade that does 
not contain alcohol as a stabilizer. 

Chloroform, Methyl—See Methyl Chloroform. 

Chlorogenic Acid, CwHiaOł—35431 [327-97-9]— 1 White 

to off-white powder. Use a suitable grade. 

ASSAY: When tested by thin-layer chromatography (see 
Chromatography (621)) with the use of plates coated with 
chromatographic silica gel mixture and a developing sys¬ 
tem consisting of a mixture of butyl alcohol, water, and 
acetic acid (60:25:15), and examlned under short-wave- 
length UV light, a single spot is exhibited, with tracę im- 
punties. 

Chloromethylated Polystyrene-Divinylbenzene Anton-ex- 
change Resin—See Aniomexchange Resin, Chloromethylated 
Polys tyren e- D Mnylbenzene. 

1 - Chloronaphthalene (a-Chloronophthalene), C10H7G— 

162,62 [90-1 3-1]—Colorless to light yeltow liquid. 

ASSAY: Use a gas chromatograph eguipped with a flame- 
ionlzatlon detector. The following conditions have been 
found suitable: a 3.2-mm x 1.83-m stainfess Steel column 
is packed with 7% phase G2 on support SI A; the injection 
port temperaturę js maintained at 250° and the detector 
temperaturę at 310°; and the column temperaturę Es pro¬ 
gram med to inerease at a ratę of 10 a per minutę from 50° 
to 250°, Not less than 90% of CioHzCl is found, of which 
not morę than 10% i$ 2-chloronaphthalene. 

Refractive Index (831): between 1.6320 and 1.6340, at 
20 °. 

4-Chloro-l-naphthol, CioH 7 CfO—' 178.6 [604-44-4]—A 
white to off-white powder, with a melting point between 
118° and 120 a , Use a suitable grade. Storę below 0°. 

2- Chloronicotinrc Acid, GH^CfNOz—157.55 
[2942-59-8]—Off-white powder. 

Assay: Inject an appropriate volume into a gas chromato- 
graph (see Chromatography {62 1)) equipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1-pm layer of 
phase G2; the injection port temperaturę is maintained at 
280°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is maintained at 180 D and pro- 
grammed to rise 10° per minutę to 280°, The area of the 
GhbCINOz peak is not less than 98% of the total peak 
area. 

2-ChlorO“4-nitroaniline, 99%, C 6 H 5 aN 2 0 2 —172.57 
[121-87-9]—White to off-white powder. 

Melting Rangę (741): between 107° and 109°. 

Chloropfatlnic Acid, H 2 PtCI 6 ■ 6H 2 G—517.90 

[18497-1 3-7]—Use ACS reagent grade Chloroplatinic Acid 

Hexahydrate. 
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3-Chloropropane-1,2-diol {(±)-3*ChlorQ-t,2-propanediol], 
C*H 7 GO?—110.54 [96-24-2]—Use a suitable grade with a 

content of NLT 97.5%. [Notę— A suitable grade is avaifable 
as catalog number 107271 from www.sigma-afdrich.com.] 

5-Chlorosaiicylic Add, C 7 H 5 CIOj ~1 72.57 [321 -14-2]— 

White to off-white powder, 

Assay: When tested by thin-layer chromatography (see 
Chromatography (621» with the use of plates coated witL 
chromatographic silica gel mixture and a developmg sys¬ 
tem consisting of a mixture of cyclohexane, chloroform, 
and acetic add (14:4:2), and examined visually and under 
long-wavelength UV light or iodtne spray, a single spot is 
exhibited. 

Melting Rance (741): between 172° and 178*. 

1-Chloro-2,2,2-trifluoroethykhlorodifluoromethyl Ether— 

Use a suitable grade. 

Chlorotrimefhylsilane (Trimethyhylyl Chloride), C 3 H*CI5i— 
108.64 [75-77-4]—Clear, coloriess to light yellow liquid. 
Fumes when exposed to moist air. 

[Caution: It reacts vigorously with water, alcohols, and 
other hydrogen donors. Storę in tight glass containers.] 
Refractive Index (831): between 1.3850 and 1.3890 at 
20 *. 

Chlortetracydine Hydrochloride—Use Chlortetracydine Hy- 
drochioride (USP monograph). 

Cholestane, C«H«—372.67 [481 -21 -0]—Use a suitable 

grade. 

Cholestanol (p-Cholestanoi, Dihydrocholes teru/, Zymostanoi 
Chofestan-ip-ol, 3p-Hydroxy-5a-Choiestance, Dihydrocholes- 
terin), Cj/HwO—388.67 [80-97-7]—Use a suitable grade 

with a content of NLT 95%. Storę at -20°. [Notę—A suita¬ 
ble grade is availabie from www.sigmaaldrich.com or 
www.avantilipids.com,] 

Cholesterol, C^H460—386.66 [57-88-5]—Use a suitable 

grade (NF monograph), 

Cholesteryl Benzoate, CmH$oO*—490.76 [604-32-0]— 

Use a suitable grade. 

Cholesteryl n-Heptylate—Use a suitable grade. 

Cholinę Chloride, HOCHjCHjN(CH 3 )iC!—139.62 
[67-48-1]—White crystals or crystalfine powder, Very soluble 
in water. Is hygroscopic. Storę in tight containers. 

ASSAY: Transfer about 100 mg, previousiy dried at 105° 
for 2 hours and accurately wetghed, to a be a ker, add 
20 mL of water and 1 drop of aluminum chloride solution 
(1 in 10), and mix. Add slowly 20 mL of a freshly pre- 
pared, filtered sodium tetraphenylborate solution (1 in 50), 
and allow the mixture to stand ror 30 minutes with occa- 
sional swirlmg. Pass through a medium-porosity, sintered- 
gfass filter, and wash the beaker and the precipitate with 
Four 10-mL portions of water. The weight of the precipi¬ 
tate, determined after drying at 105* for 2 hours, and mu* 
tiplied by 0.3298, gives the equivalent weight of 
CsHhCINO. Not less than 99.5% is found. 

RESIDUE on Ignition (281): not morę than 0.1%. 

Chromatographic Fuller's Earth—See PuileCs Earth , Chro¬ 
matographic , 

Chromatographic n-Heptane—See n-Heptane, Chromato¬ 
graphic , 

Chromatographic Magnesium Oxide—See Magnesium Ox- 
ide, Chromatographic. 


Chromatographic Reagents: See Reagents, Chromato¬ 
graphic Reagents. 

[Notę —Listings of the numerical designations for phases 
(C), packings (L), and supports (5), together with corre- 
sponding brand names, are published periodically in Phar- 
macopeiat Forum as a guide ror the chromatographer.] 

Chromatographic Silica Cel—See Silica Gel, Chromato¬ 
graphic , 

Chromatographic Silica Gel Mixture—See Silica Gel Ma¬ 
turę, Chromatographic. 

Chromatographic Siliceous Earth—See Siliceous Earth , 
Chromatographic 

Chromatographic Siliceous Earth, Sifanrzed—See Siliceous 
Earth, Chromatographic, Silanized. 

Chromatographic 5olvent Hexane—See Hexane, Soivent, 
Chromatographic . 

Chromium Potassium Sulfate Dodecahydrate, CrK(5Ch ) 2 ■ 

1 2 H 2 O—499.40 [10279-63-7]—Use ACS reagent grade. 

Chromium Trioxide, Cr0 3 —99,99 [1 333-82-0]—Use 

ACS reagent grade. 

Chromogenie Substrate for Amidolytic Test—Synthetic 
molecules consisting of tripeptides or tetrapeptides coupled 
to a chromophore. The terminal amino acid is specific tor 
the protease utilized. The synthetic peptides mimie the pep- 
tide sequence (specific to the actwated coagulation factor) 
of the active site on the natural substrate. The coagulation 
factor catalyzes the spNtting of the chromophore (p-ni- 
troamline) from the peptide. The amount of release can be 
measured directly in a speotrophotometer, because the 
maximum absorbance spectra of the bound and free chro- 
mophores differ. The released chromophore is a colored 
compound; the complete substrate itself is coloriess, 
Motecular weights of the various substrates rangę from 
about 600 to 750 Da. Solubility in agueous Solutions can 
vary. Not all substrates are of equal sensitivity, and ineuba- 
tion periods may have to be extended, 

Chromotrope 2R, Ci6NiDN^Na20ftS 2 —468.4 
[4197-07-3]—Red powder or crystals. Use a suitable grade. 

Chromotropic Add (4 f 5-Dihydroxy-2 f 7-naphthaienedisulfonk 
Acid % CioHaOeSj * 2H 2 0—356.33 [148-25-4], for the an- 
hydrous form—Use a suitable grade. 

Chromotropic Acid Disodium Salt ( 4 f 5-Dihydroxy-2,7 - 
naphthaienedisulfonk Acid, Disodium Salt), Ci 0 H 6 OaNa 2 S 2 - 
2H ? 0—400.29 [5808-22-0]—Use ACS reagent grade. 

Cinchonidme, C 19 H 22 N 2 O—294.39 [485-71 -2]—White 
crystals, crystalline or granular powder. Soluble in alcohol 
and in chloroform; practically insoluble in water. 

Assay: Di$solve about 125 mg, accurately weighed, in 
50 mL of glacial acetic acid. Add a few drops or p-naph- 
tholbenzein TS, and titrate with 0.1 N perchloric acid VS. 
Perform a blank determination, and make any necessary 
correction. Eacb mL of 0.1 N perchloric acid is equivalent 
to 14.72 mg of C 19 H 22 N 2 O. Not less than 99.0% is found. 
Loss on Drying (731): Dry it at 105* to constant weight: 
it loses not morę than 1 . 0 % of its weight. 

Melting Rangę (741): between 200* and 205°. 

Speofic Rotation (781); between -1 05* and - 1 1 5°, caf- 
culated on the dried basis, determined in a solution in 
alcohol containing 10 mg per mL. 

Cinchonine, C 19 H 22 N 2 O—294.39 [118-10-5]—White 
crystals, crystalline or granular powder. Slightfy soluble in 


Reagents 




Reagents 


2348 Reagent Specifications / Reagents 


USP40 


chloroform, sparingly soluble in alcohol, and practically in- 
solubie In water. 

Assay: Dissolve about 1 25 mg, accurately weighed, in 
50 mL of gladal acetio acid. Add a few drops of p-naph- 
Eholbenzein TS, and titrate wlth 0.1 N perchloric acid VS. 
Perform a blank determinatlon, and make any neeessary 
correction. Each mL of 0*1 N perchloric add is equivalent 
to 14.72 mg of Not less than 99.0% is fourd. 

Loss ON DryiNG (731): Dry it at 105° to constanf weight: 
it Ioses not morę than 1 . 0 % of its weight. 

MELTłNG Rangę <741): between 255° and 261°. 

SPECIFIC Rotation <781): between +219° and +229°, cal- 
culated on the dried bas Is, determined in a solution in 
alcohol containing 50 mg per 10 mL* 

Citric Acid, C 6 H B 0 7 « H 2 0—210.14 [5949-29-1 ]—Use ACS 
reagent grade. 

Citric Add, Anhydrous, —192.13 [77-92-9]—Use 

ACS reagent grade, 

Cobalt Chloride (Cobaltous Chloride), CoC [ 2 ■ 6H 2 0— 
237.93 [77914 3-1]—Use ACS reagent grade. 

Cobalt Nitrate, Co(N0 3 )jj * 6 H 2 O—291.03 
[10026-22-9]—Use ACS reagent grade. 

Cobaltous Acetate (Cobalt Acetale), Co(C 2 H 3 0 2 ) 2 - 4H 2 0— 
249.08 [6147-53-1]—-Red, needlelike crystals. Soluble in 

water and in alcohol, Use ACS reagent grade. 

Cobaltous Chloride—See Cobalt Chloride. 

Coenzyme Q9 (Ubiąuinone 45), C 54 HS 2 O 4 —795.2 
[303-97-9]—Yellow to yellow-orange powder. Clear yellow 
solution, at a concentration of 1 mg per mL in a mixture of 
chloroform and ethanol (9:1). 

Absorptmty: Its absorptivity at 275 nm, In alcohol solu¬ 
tion, is about 1 700. 

Collagen; Use a suitable grade. 

[NOTĘ—A suitable grade is acid-soluble Collagen Type I 
from calf skin, and is commercially available from Slgma- 
Aldrich Corp., www.sigma-aldncn.com; catalog number 
C3511.] 

Rat Tai! Collagen—Use a suitable grade. 

[NOTĘ—A suitable grade is avaitable from BD Biosciences, 
www.bdbiosciences.com.] 

Coliagenase; Use a suitable grade. 

[Notę—A suitable grade is commercially available as Col¬ 
iagenase Type 2, CL5-2, from Worthington Biochemical 
Corp., www.worthington-biochem.com.] 

Compactin, C 23 H 34 O 5 —390.52 [73573-88-3]—Use a suit¬ 

able grade, 

[NOTE“A suitable grade is avaifable from Sigma-Aldrich, 
www.sigma-aldrich.corn,] 

Congo Red, C 3Z H 22 N 6 Na 2 0 6 5 2 —696.67 [573-58-0]—A 

dark red or reddish-brown powder. Decomposes on expo- 
sure to acid fu mes. Its Solutions have a pH of about 8 to 
9.5. One g dissolves in about 30 mL of water. Is sllghtly 
sołubie in alcohol* 

Loss ON Drying (731): Dry jt at 105° for 4 hours: it Ioses 
not morę than 3.0% of its weight. 

Residue on Ignition: Accurately weigh about 1 g, previ- 
ousfy dried at 105° for 4 hours, and place it in a porcefain 
dish or crucibfe. Carefully ignite until well charred, coof, 
add 2 mL of sulfunc acid, and carefulfy ignite until the resi¬ 
due is white or practically so. Cool, add 0.5 mL of sulfuric 
acid and 1 ml of nitric add, evaporate, and again ignite to 
constant weight: the weight of the sodium sulfate so ob- 


tained is between 20.0% and 24.0% of the weight of the 
dried specimen taken. 

5ensitiveness: To 50 mL of carbon dioxide-free water add 
0.1 mL of congo red solution (1 in 1000). The red color of 
the solution is changed to violet by the addition of 
0.05 ml of 0,10 N hydrochloric acid and is restored by the 
subseguent addition of 0.05 mL of 0.10 N sodium hyarox- 
ide, 

Coomassie Blue G-250 (Coomassie BrilHant Blue C-250, 

Serva Blue C), C.^LhaNiOANa—854.0 [6104-58-1 ]—A 
dark blue powder, Soluble in water* Use a suitable grade* 
Storę between 15° and 30°. 

Coomassie Brilliant Blue R-250, GsH^NsCUSzNa—825.97 
[6104-58-1 ]“Brown powder, 

Copper, Cu—At. Wt* 63*546 [7440-50-8]^Use ACS rea¬ 

gent grade. 


Add the following: 

A Copper Sulfate Pentahydrate (Cupric Sulfate Pen ta hy¬ 
drole), Cu50*1 ■ 5HzD—249*68 [7758-99-8]~Use ACS Cu¬ 

pric Sulfate Pentahydrate reagent grade .łuspw 

Cortisone, CsihhsOs—360,44 [53-06-5]—White, crystal- 

line powder* Practically insoluble in water; sparingly soluble 
in alcohol and in acetone. Melts at about 220°, with de- 
composition. 

Absorption Maximum: The UV absorption spectrum of a 
1 In 100,000 solution in alcohol shows a maximum at 
about 238 nm* 

SPEGFIC ROTATION (781): about +209°, determined in a 1 
in 100 solution in alcohol. 

Cotton, Absorbent—Use Purified Cotton (USP monograph). 

m-Cresol Purple, C 21 Hi a 0 5 S—382*43 [2303-01-7]—Use 

a suitable grade. 

Cupric Acetate, CufC^HiOi)^ ■ H 2 0—199.65 
[6046-93-1]—Use ACS reagent grade. 

Cuprk Chloride, CuCI 2 ■ 2H 2 0—170*48 [7447-39-4]— 

Blulsh-green deliquescent crystafs, Freely soluble in water; 
soluble in alcohol; slightly soluble in etner* Use ACS reagent 
grade, 

Cupric Gtrate ([Citrato(4 -) jdicopper), Cu^C^H ^O?—315,18 
[866-82-0]—Use a suitable grade. 


Change to read: 

Cupric Nitrate ^Hydrate, Cu(N0 3 ) 2 - 2.5H 2 0—232.59 
[19004-19-4]; Cu(N0 3 ) 2 ■ 3H 2 G—241.60 [10031 -43-3]— 

Use ACS reagent grade.**^ 

Cupric Nitrate Hydrate, Cu(N0 3 ) 2 ■ 2.5hbO—232,59 
[19004-19-4]; Cu(N0 3 ) 2 * 3H a O—241.60 [10031 -43-3]—Use 
ACS reagent grade. 

[NOTĘ-—This reagent is avallable containing elther 2*5 or 
3 molecules of water of hydratlon.] 

Cupric Sulfate, CuS04 * 5H 2 Q—249.69—Use ACS reagent 
grade. 

Cupric Sulfate, Anhydrous, Cu159.61 

[7758-98-7]—A white or graylsh-whlte powder free from a 
blue tinge. Upon the addition of a smali guantity of water, 
it becomes blue. Soluble in water. Storę in tight containers. 
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Chloride (Reagent test): One g shows not morę than 
0.02 mg of Cl (0.002%). 

5UBSTANCES NOT PRECIPITATED BY HYDROGEN SULFJDE: Deter- 
mine as directed for ACS reagent grade of Cuprrc Acetate: 
the residue weighs not morę than 6 mg (0.15%). 

Cupriethylenediamine Hydroxide Solution, 1.0 M—Use a 

suitable grade. 

[Notę—A suitable grade Is availabfe from GF5 Chemicals, 
www.gfschemicals.com.] 

Cyanoacetic Add, QH 3 NG 2 —85.06 [372-09-8KWhite 

to light yellow, crystalline sotid. Very soluble in water, 

Assay: Dissolye about 300 mg, accurately weighed, in 
25 mL of water and 25 ml of alcohoL Titrate with 0.1 N 
sodium hydroxide VS, determining the endpoint potentio- 
metricaily* Perform a blank determinatfon and make any 
necessary corrections. Each ml of 0.1 N sodium hydroxide 
is equivalent to 85.06 mg of C 3 H 3 NOZ. Not fess than 99% 
is found. 

Cyanogen Brormde, BrCN—105.92 [506-68-3]—Color- 

less crystais. Voiatilizes at room temperaturę. Its vapors are 
highly irritating and very toxic. Melts at about 52°. Freely 
soluble in water and in alcohoL Storę in tight containers in 
a cold place. 

Solubiuty: Separate 1-g portions dissolve compfetely In 
10 mL of water and in 10 mL of alcohoi, respectively, to 
yield colorless Solutions. 

4-Cyanophenof (4-Hydroxybenzonitrile), CsLbCNOH— 

119.12 [767-00-0]—Use 95 percent reagent. 

4-Cy a nopyridine (4- Pyridin ecarbon i trile; Is on ko tink A cid N i- 
trile; Isonicotinonitnle), C 0 H 4 N 2 —104,11 [1 00-48-1 ]—Use d 
suitable grade with a content of NLT 98%. 

Cydam (1,4,8,11-Tetraazacydotetradecane), C 10 H 24 N 4 — 
200.33 [295-37-4]—Use 98 percent reagent. 


Add the fołłowing: 

±1,1-Cyelobutanedicarboxylk Add (Cydobutaned,1-di- 
corboxyfk add; 1,1-Dicarboxycydobutane) / CoHyCh—144.13 
[5445-51-2]—Use a suitable grade with a content of NLT 
99%. 

[Notę—A suitable grade is available as catalog number 
C958G3 from www.sigmaaldnch.com.]AiJi^o 

OŁ-Cyclodextrin (Cydomaltohexaose; Schardinger a-Dextrin), 
C^HsoObo— 972.86 [10016-20-3]—Use a suitable grade 

with a content of not less than 98.0%. 

[Notę—A suitable grade is availabie from Fluka, www. 
sigma-aldrich.com, catalog number 28705.] 

/3-Cyclodextrin (fi-Schardinger dextrin; Cydoheptaamylose), 
C 42 H 70 O 35 ■ xhbO—1134.98 (anhydrous) [68168-23-0]— 
Use a suitable hydrate grade. 

Cydohexane, C Ó H 12 —84.16 [110-82-7]—Use ACS rea¬ 

gent grade. 

CydohexanoL CshhzO—100.16 [108-93-0]—A elear liq- 

uid. Freely soluble in water. Miscibte with alcohoL with ethyl 
acetate, and with aromatic hydrocarbons. 

Assay: When examined by gas-iiguid chromatography, 
using suitable gas chromatographic apparatus and condj- 
tions, it shows a purity of not less than 98%. 


MELTfNG TEMPERATURĘ: about 23 a . 

Specific Gravjty: about 0.962, at 20°. 

(1,2-Cyclohexylenedinitrilo)tetraacetic Acid (trans- 7, 

2 - Diam in ocydoh exa ne- N, N, N f , N' - tetraacetk A cid), 

CnH^NjOa ■ hbO—364.35—Use ACS reagent grade. 

Cyclohexylmethanol, C 7 H 14 O—114.19—Use a suitable 
grade. 

L-Cystine, HOOC(NH z )CHCH 2 S—SCH 2 CH(NH 2 )COOH— 
240.30 [58-89-3]—A white, crystalfine powder. Very 

slightly soluble in water; soluble in dilute minerał acids and 
in Solutions of alkali hydroxides; insoluble in alcohoi and in 
other organie solvents. 

SPECIFIC Rgtatjgn (781): between -215° and -225 D , de- 
temnined in a 2 in 100 solution of test specimen, previ- 
ously dried over srlica gel for 4 hours, in diiute hydrochlo- 
rlc acid (1 in 10) at a temperaturę of 20°. 

Loss ON Dryinc (731): Dry it over silica gel for 4 hours: it 
loses not morę than 0.2% of its weight. 

Residue on Icnition (Reagent test): not morę than 0.1%. 

DEAE-Agarose [57407-08-6]—Agarose beads chemically 
bonded with diethylaminoethane and suspended in a 20 % 
ethanol solution in water. 

[Notę—C ommercially availab!e as DEAE-Sepharose.] 

Decanol (n-Decyl Alcohoi), C 10 H 22 O—158.28 
[112-30-1]—A elear, viscous llguid, Specific gravity: about 
0.83 at 20°. Solidifies at about 6.5°. Insoluble in water; solu¬ 
ble in alcohoi and in ether. 

Assay: When examined by gas-liguid chromatography, 
using suitable gas chromatographic apparatus and condr- 
tions, it shows a purity of not less than 99%. 

Decyl Sodium Sulfate, CioH^NaChS—260.33— 1 White, crys¬ 
talfine solid. 

Assay: Transfer about 1 g, accurately weighed, to a suita¬ 
ble, tared crudble, moisten with a few drops of sulfuric 
acid, and ignite qentfy to constant weight. Each mg of 
residue es equivaFent to 3.662 mg of CiohhiNaCbS, Not tess 
than 95% is found. 

Dehydrated Alcohoi—See Alcohoi, Dehydrated. 

Deoxyadenosine Triphosphate, CioH,«N s OiaP»-491.18 
[1927-31-7]—Use a suitable grade. 

[NoTE—A suitable grade Is avaifable from either BD Bio- 
sciences, www.bdbiosciences.com or Applied Biosystems, 
www.appliedbEOsystems.com.] 

Deoxycytidine Triphosphate, C^HieNaO^Pj—467.16 
[2056-98-6]—Use a suitable grade. 

[Notę—A suitable grade is avallable from either BD Biosci- 
ences, www.bdbiosdences.com or Applied Biosystems, 
www.appliedbiosystems.com.] 

Deoxyguanosme Triphosphate, Ci 0 HióNsOi3p3“5O7.18 
[2564-35-4]—Use a suitable grade. 

[Notę—A suitable grade is avaiiabte from either BD Biosd- 
ences, www.bdbiosdences.com, or Applied Biosystems, 
www. applied biosystems. com.] 

Deoxyribonudeic Acid Polymerase: Thermostable, recom- 
binant DNA pofymerase. Use a suitable grade. 

[Notę—A suitable grade is available from Applied Biosys¬ 
tems, www.apptiedbiosystems.com.] 

Deoxythymidine Triphosphate, CioHtzNzC^Pjs— 482.17— 
Use a suitable grade. 

[Notę—A suitable grade is avaiiabfe from either BD Biosd- 
ences, www.bdbiosciences.com or Applied Biosystems, 
www.appliedbiosystems.com.] 
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Desmosterol (3 fi-Hydroxy-5 , 24-chaiestocliene; 
24-Dehydrocho!e5teroi; Sj^-Cholestadien-ip-oI), C 27 H 44 O— 
384.64 [313-04-2]—Use a suitable grade with a eon tent 

of NLT 94%, [Notę—A suitable grade is avaiJabie as catalog 
number 700060 from www.avantUfpids.comor as catalog 
number 190190 from www.mpbio.com.] 

Deuterated Metbanol (Methanol- J2 C-d 4 , Methyl- ,2 C-d 3 alco- 
hol-dj)— 36.1 [811-98-3]—The degree of deuteration is 

not less than 99,8%. is a elear colorless liquid miscible with 
watę o with alcohol, and with methylene chlor i de; density at 
20": 0.888 g/mt; refraetive tndex at 20° (D-line): 1.326; 
boNfng point 65.4° (760 mm Hg). 

Deuterated Water—See Deuterium Oxide. 

Deuterium Chloride (Deutero Hydrochforic Acid), DG— 
37.47 [7698-05-7]—Toxic gas. Use a suitable grade with a 

degree of deuteration of NLT 99%. 

Deuterium Oxide, D 2 0—20.032 [7789-20-0]—Use a 
suitable grade having a minimum isotopic purity of 993 
atom % of deuterium. 

Deuterochloroform, CDCU—120.38—Use a suitable grade. 

Devarda's Alloy (Devarda's Metal) [8049-11-4]—A gray 

powder composed of 50 parts of copper, 45 parts of alumi- 
num, and 5 parts of zinc. 

Dextran, High Moiecular Weight [9004-54-0]—A dextran 
molecular weight standard having a wetght-average molecu¬ 
lar weight, M Wi of 1 to 2 x 10 6 Da and a weiqht-average 
molecular weight to number-average molecular weight ra- 
tio, Mwt M N/ of 1.0 to 1,8. 

[Notę—A suitable grade is available from American Poly- 
mer Standards Corporation, www.ampolymer.com.] 

Dextrin, (C^HtoOs),,- xH 2 0 [9004-53-9]—A white amor- 
phous powder. Slowly soluble in co!d water; morę readlly 
soluble in hot water; insoluble in alcohol. 

Insoluble Mauer: Boil 1 g with 30 ml of water in a smali 
fiask: the solution is colorless and elear, or not morę than 
opalescent, 

Loss ON Drying (731): Dry it at 105° to constant weight: 

it loses not morę than 10.0% of its weight 

Resioue on Ignition (Reagent test): Ignite 1 g with 03 mL 

of sulfuric acid: the residue weighs not morę than 5 mg 

(03%). 

Chloride (Reagent test): Dissolve 3 g in 75 mL of boiling 
water, cool, di lute with water to 75 mL, and filter if neces- 
sary. To 25 mL of the filtra te add 2 mL of nitric acid and 
1 mL of silver nitrate TS, and allow to stand for 5 minutes: 
any turbidity produced is not greater than that of a eon- 
Irol containing 0.02 mg of added Cl (0.002%). 

Sulfate (Reagent test, Method i)\ To a 25-mL portion of 
the filtrate from the preceding test add 0.5 ml of diluted 
hydrochloric add and 2 ml of barium chloride T5, and al¬ 
tów to stand for 10 minutes: any turbidity produced is not 
greater than that of a control containing 0.2 mg of added 
50 4 (0,02%). 

Alcohol-Soluble Substances: Boli 1 g with 20 mL of alco¬ 
hol for 5 minutes under a reflux condenser, and filter while 
hot. Evaporate 10 mL of the filtrate on a steam bath, and 
dry at 105°: the residue weighs not morę than 5 mg (1%). 
Reducing Sugars: Shake 2 g with 100 ml of water for 
10 minutes, and filter until elear. To 50 mL of the filtrate 
add 50 mL of alkaline cupric tartrafę TS, and boil for 
3 minutes, Filter through a tared filtering crucible, wash 
with water, then with alcohol, and finally with ether, and 
dry at 105 c for 2 hours: the precipitate of cuprous oxide 
weighs not morę than 115 mg (corresponding to about 
5% of reducing sugars as dextrose). 


Dextro Calcium Pantothenate—Use Calcium Pantothenate 
(USP monograph), 

Dextrose, Anhydrous, CsHizOr—180.16—Use AC5 reagent 
grade D-Clucose, Anhydrous. 

Diacetyl—See 2,3-Butanedione. 

3,3'-Diaminobenzidine Hydrochloride, 

(NH 2 ) 2 C fi H 3 C 6 H 3 (NH 2 ) 2 ■ 4HCI—360.11 [7411 -49-6]— 

White to yellowish-tan (occasionally purple), needle-shaped 
crystals. Soluble in water. Stable in organie solvents but un- 
stable in agueous solution at room temperaturę. Storę aque- 
ous Solutions in a refrigerator. 

Insoluble Mauer: Dissolve 2 g in 100 mL of water, with- 
out heating, and filter immediately: the Insoluble residue 
does not exceed 1 mg (0.05%). 

Residue on Ignition (Reagent test): not morę than 1 mg, 
from 2 g (0.05%). 

Suitabiuty Test for Detection of Selenium: Dissolue 
1.633 g of selenious add (LhSeCb) in water, and dilute 
with water to 1 L. Dilute 10 mL of this solution with water 
to 1 L, to make a solution containing 0.01 0 mg of Se per 
mL. Place 1 mL of the resulting solution in a 100-mL 
beaker, add 2 mL of formie acid solution (1 in 7), and 
dilute with water to 50 mL. Add 2 mL of 3,3'-diami- 
nobenzidine hydrochloride solution (1 in 200), and allow 
to stand for 30 to 50 minutes. Adjust with 6 N ammonium 
hydroxide to a pH between 6 and 7. Transfer to a 125-mL 
separator, add 10.0 mL of Loluene, and shake vigorousiy 
for 30 seconds: a distinct yellow color is produced in the 
toluene layer. A blank containing diaminobenzidine hydro¬ 
chloride but no selenium standard, treated in the same 
manner, shows no color in the toluene layer. 

2,3-Diaminonaphthalene, CioHioNz—‘158.20 
[771-97-1]—Use a suitable grade. 

Diatomaceous Earth [91053-39-3]—Use a suitable grade. 
[Notę—A suitable grade is avai!able as Celite 545-AW.] 

Diatomaceous Earth, FJux-Ca!cined [91053-39-3]—Use a 
suitable grade, 

[Notę—A suitable grade Is "Chromosorb W, AW-DMCS".] 

Diatomaceous Earth, Silartized [91053-39-3]—Use a suita¬ 
ble grade. 

[Notę—S uitable grades are available commerctally as 
"Anachrome Q # " "Cas-Chrom Q," and "Varaport 30."] 

Diatomaceous Srlica, Calcined [68855-54-9]—A form of sil- 
ica (S 1 O 2 ) consisting of fused frustules and fragments of dia- 
toms. It is an amorphous, fine, llght pink or white powder. 
Insoluble In water, In acids, and in dilute Solutions of alkall 
hydroxides. 

Loss on Ignition: Accurately weigh about 4 g, and ignite 
to constant weight: it loses not morę than 10.0% of Its 
weight. 

Organic Imfurities: It does not darken appreciably upon 
Ignition. 

Loss ON Drying (731): Dry it at 110 Q for 2 hours: it loses 
not morę than 2.0% of its weight 
[NOTĘ—Suitable grades are "Chromosorb P" and 
"Chromosorb W," avaiiable from Grace, www.grace.com.] 

Diaveridine (5-([3 / 4-Dimethoxyphenyl]methyl)’2 f 4- 
pyrimidinediamine), CijHidN. s 0 2 —260.3 [5355-16-8]—Use 
a suitable grade. [Notę—A suitable grade is available as 
catalog number 461 74 from www.sigma-aldrich.com,] 

Dibasic Ammonium Citrate—See Ammonium Otrute , Diha- 
stc 
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Dlbasic Ammonium Phosphate—See Ammonium Phosphate, 
Dibasic. 

Dlbasic Potassium Phosphate—See Potassium Phosphate, 
Dibasic 

Dibenzyf—See Bibenzyl. 

2,6-Dibromoqujnone-chlor(mide (2,6-Dibromo-N<hioro-p- 
benżoquinone tmine; DBQ Reagent), OrCńHiBr^NCI—29935 
[537-45-1]—A yellow, crystalhne powder. Insofuble in water; 
soluble in alcohol and in dilute afkali hydroxide Solutions, 
Melting Rangi (741): between 82° and 84 Q , 

SOtUEtLiTY IN ALCOHOL: A solution of 100 mg in 10 mL of 
alcohol is not morę than faintly turbid. 

Residue on Ignition (Reagent test): Ignke 500 mg with 
0,5 ml of sulfuric acid: the residue weighs not morę than 
1 mg (0.2%). 

Sensitiyeness: To 10 mL of a water solution containing 
0.01 mg of phenol add 03 mL of a sodium borate buffer 
(madę by dissoMng 2.84 g of crystallized sodium borate in 
90 mL of warm water, adding 8.2 ml of 1 N sodium hy- 
droxfde, and diluting with water to 100 mL) and OJ ml of 
a solution of 10 mg of the test specimen in 20 ml of alco- 
hoi: a distinct bJue color deveiops within 10 minutes, 

Dibutyl Phthafate, Ci6H Z2 0 4 “278.34 [84-74-2]—Gear, 

cotorless liquid. 

ASSAY: Accurately weigh about 2 g into a suitable fiask, 
add 25.0 mL of 1 N sodium hydroxide and 30 mL of iso- 
propyl alcohol, and mix. Digest the mixture at a tempera¬ 
turę near boiling for 30 minutes, then cool in a water bath 
to room temperaturę. Add phenolphthaletn TS, and titratę 
with 1 N sulfuric acid VS to the disappearance of the pink 
color, Perform a complete blank determinatton, and make 
any necessary correctlon, Each ml of 1 N sulfuric acid con- 
sumed is equivalent to 139,2 mg of CusHzaO*. Not less 
than 98% is found. 

Refractiye iNDEX (831): between 1.491 and 1.493 at 20°, 
Acid ContenT: Accurately weigh about 10 g, and dissolve 
in 100 mL of an alcohol-ether mixture (1:1) Add phenol- 
phthalein TS, and titrate immediately with 0.05 N alco- 
holtc potassium hydroxide V5, Each mL of 0.05 N alcoholic 
potassium hydroxide is equivalent to 4.15 mg of phthalic 
add: not morę than 0.02% is found. 

Dibutylamine, C B HigN—-129.24 [111-92-2]—Colorless 

liquid. 

AssaY: tnject an appropriate volume into a gas chromato- 
cjraph (see Chromatography (621)) eguipped with a flame- 
ionfzatbn detector, helium being used as the carrier gas, 
The following conditions have been found suitable: a 0,25- 
mm x 30-m caplllary column coated with a 1-pm layer of 
phase C2; the injection port temperaturę is maintained at 
200°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is malntained at 100° and pro- 
grammed to rise 10 u per minutę to 200°. The area of the 
CgHioN peak is not less than 99% of the total peak area. 
REFRACTIYE iNDEX (831): between 1.415 and 1.41 9 at 20°. 

Dibutylammonium Phosphate: Use a suitable grade, 

[Notę—A suitable grade is awiilable as PIC Reagent D4 
from Waters Corporation, www.waters.com,] 

1,3 - D ic aff e oy I q u i nic Ac id (Cynońn; (1R, 3 R, 4 5,5 R)-1,3 - Bis 
[[3- (3,4 - dihydrox yp h enyi)propen o yf]oxy] -4,5- dihydroxycydohex- 
anecarboxyfic Ada), CisHŁmOjz— 516.45 [30964-1 3-7]—Use 

a suitable grade. 

[Notę—A suitable grade is available as cataiog number 
3991 from www.chromadex.cam.] 


2,5-Dkhloroamline, CfeC*H ^2—162.02 [95-82-9]— 

White, needle-like crystals, Sllghtly soluble in water; soluble 
in alcohol and in ether. 

Melting Rance, Ciass i {74 1): between 49° and 50°. 


2 , 6 -Dkhloroanlline, QH S CUN—162.02 1608-31-1]—Off- 

white powder. 

Melting Rance (741): between 38° and 41°. 

o-Dkhlorobenzene, C 4 H 4 CI 2 —147.00 [95-50-1 ]—Clear 

liquid, having a light yelłowish-brown tint (about APHA 20). 
Practically insoluble in water. Miscibie with alcohol and with 
ether. Boils at about 180°. 

Assay: Wben examined by gas-liguid chromatography, 
with the use of suitable apparatus and conditions, it shows 
a purity of not less than 96%. 

DENSITY: between 1.299 and 1301. 

Refractive Index (831): between 1.548 and 1.550 at 25°. 
Residue on Evaporation; Evaporate 80 mL on a steam 
bath, and dry at 105° for 1 hour: the residue weighs not 
morę than 50 mg (0.005%), 

AciDity: Add phenolphthalein TS to 25 mL of methanol, 
and titrate with 0.02 N alcoholic potassium hydroxide V5 
until a faint pink color persists for 15 seconds. Pipet 25 ml 
of test specimen into the solution; mix, avoidinq exposure 
to the atmosphere; and titrate with 0.02 N aiconolk po¬ 
tassium hydroxide VS: not morę than 2.2 mL is reguired to 
restore the pink color (about 0.005%). 

1,2-Dichloroethane—See Ethylene Oichforide. 


Dichłorofluorescein, C 20 H 10 CI 2 O 5 —401.20 [76-54-0]— 

[NOTĘ’—This specifkation covers both the 4,5- and 2,7-lso- 
rners of dichłorofluorescein, either of which is suitable for 
the preparation of dichłorofluorescein TS.] A weak orange- 
. 1 i.--— f .. —water; solu- 


Ignite 200 mg with 
residue weighs not morę than 


colored’ crystalline powder. Sparingly soluble in wa 
ble in alconol and in Solutions of alkafi hydroxides. 

Residue on Ignition (Reagent test): 

5 drops of sulfuric acid: tne 
1 mg (0.5%), 

Sensitweness: Dissolve 100 mg in 60 mL of alcohol, add 
2.5 mL of 0.1 N sodium hydroxide, and dilute with water 
to 100 mL. Add 1 mL of this solution to a solution of po¬ 
tassium iodide prepared by dissolving 100 mg of potas¬ 
sium iodide, previously dried at 105 to constant weight 
and accurately weighed, in 50 mL of water containing 
1 mL of glacial acetic acid, and titrate with OJ N siiver 
nitrate VS until the color of the precipitate changes from 
pale yellowish-orange to pink. Tne volume of 0.1 N silver 
nitrate consumed is not morę than 0.10 mL greater than 
the calculated volume, the calculated volume being based 
upon the KI content of the dried specimen as determined 
in the Assay under Potassium iodide (USP monograph). 


Dichlorofluoromethane, CHChF—102,92 [75-43-4]— 

Colorless gas. 

Assay: Inject an appropriate specimen into a gas chro- 
matograph (see Chrom atography (621)) equipped with a 
thermaheonductivity detector, helium being used as the 
carrier gas. The following conditions have been found suit¬ 
able: a 0.53-mm x 30-rh capillary column coated with a 
5^im layer of phase C2; the Enjection port temperaturę is 
maintained at 200°; the detector temperaturę is main- 
tained at 20G Q ; and the column temperaturę is maintained 
at 0° and programmed to rise 5° per minutę to 40°, and 
then to rise l£r per minutę lo 180°. The area of the 
CHCbF peak is not less than 98% of the total peak area. 

2,6-DkhIoroindophenol Sodium—See 2,6-Dichforophenoi- 
indophenot Sodium. 


Dichloroacetic Add, C 2 H 2 CI 2 O 2 —128.9 [79-43-6]—Col- Dichloromethane—Use Methyiene Chloride, 

orless liquid. Miscibie with water, with alcohol, and with 
ether. Use a suitable grade. 


Reagents 
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1,1-Dkhforo-2,2-bi$(p-chlor0phenyl)ethane (p f p'-DDD), 
C 14 H 10 C 14 —320.03 [72-54-8] —Use a suitable grade. 

[Notę—A suitable grade is avatlable as catalog number 
BOI 32 at www.tciamerica.com.] 

2,4-Drch loro-1-napht hol, C 1 oH«OCI 2 —213.06 
[2050“ 76-2 ]—Light tan powder. 

Melting Rangę (74 1): between 103* and 107°, but the 
rangę between beginning and end of melting does not 
exceed 2°. 

2,6-Dich lorophenol-indophenol Sodiu m (2 t 6-Dichioro4ndo- 
phenoi Sodium), 0 :C 6 H z CI z :NCćH 40 Na with about 2H z O— 
290.08 (anhydrous) [620-45-1]—Use ACS reagent grade. 

2,6~Dkhlorophenylacetic Acid, CijHfiCbOr—205.04 
[6575-24-2]—White powder. 

Assay: Inject an appropriate specimen into a gas chro- 
matograph (see Chromatography (62^)) equipped with a 
ffame-ionization detector, helium being used as the carrier 
as. The foliowing conditions have been found suitable: a 
.25-mm x 30-m capillaiy column coated with a 1-jrm 
layer of phase C2; the infection port temperaturę is main- 
tained at 250°; the detector temperaturę is maintained at 
300°; and the column temperatura is maintained at 150° 
and programmed to rise 10 Ł per minutę to 280°. The area 
of the C a H ó Cl z 02 peak is not less than 97% of the to tal 
peak area. 

2 # 6~Dkhioroquinone-chlorimide (2,6-Dichforo-N-chlorO'p- 
benzoguinone imine), 0:CfiH z Cb:NCI—210,44—Pale yellow, 
crystalline powder. Insoluble in water; sofuble in alcohol and 
in drlute alkali hydroxide Solutions. 

Melting Rance (741): between 65 and 67°. 

Solubiljty IN Alcohol: A solution of 100 mg in 10 mL of 
alcohol is complete and elear. 

Residue on Ignition: Ignite 500 mg with 0.5 mL of sulfu- 
ric acid: the residue weighs not morę than 1 mg (0.2%), 
5EN$itivenesS: It meets the reąuirements of the test for 
Sensftweness under 2,6-Dibromoquinone-chlorimide. 

DicyclohexyL (&kydohexyf) 16631 [92-51-3]— 

Use a suitable grade, 

Drcycfohexyl Phthalate, C 2Q H 2 60*— 330.42 [84-61-7]. 

MELTING Rance (741): between 62° and 66°, 

Dkydohexylamine, (C 6 H n ) 2 NH—181.32 [101 -83-7]— 

Clear, strongly alkaline liquid. Sparmgly soluble in water. 
Miscible with common organie solvents. Use a suitable 
grade with a content of not less than 98%. 

Dtethylamine, (C 2 H 5 ) 2 NH—73,14 [109-89-7]—Coiorless, 

flammabte, strongly alkaline liguid, Miscible with water and 
with alcohol* Forms a hydrate with water, May be irńtating 
to skin and mucous membranes. Storę in well-ctosed contain- 
ers. Use ACS reagent grade. 

Diethylamine Phosphate (Phosphoric Acid: Diethyfamine), 
CiHnN - HiPOr—171.13 [68109-72-8]—Use a suitable 

grade, [NOTĘ—A suitable grade is availab!e from www. 
richmanchemical.com.] 

N,A/-Diethylaniline, C fi H 5 N(C z H s ) 2 —149.23 [91-66-7]— 

Light yellow to amber (iquia. 

Assay: Inject an appropriate specimen (about 0.2 pL) into 
a suitable gas chromatograph (see Chromatography (6 21)) 
equipped with a flame-ionization detector, helium being 
used as the carrier gas flowlng at about 40 mL per minutę. 
The following conditions have been found suitable: a 
3-mm x 1 >8-m stainless Steel column containlng 20% 
phase Cl 6 on support 51 A; the injection port temperaturę 
ts maintained at 250°; the column temperatura is main¬ 
tained at 140° and programmed to rise ó D per minutę to 


200°. The detector temperaturę is maintained at 310°, The 
area of the N,N-diethy lani linę peak having a retention time 
of about 4.9 minutes is not less than 99% of the total peak 
area. 

Refractive Index (831): between 1.5405 and 1,5425 at 
20 *. 

Diethylene GlycoL (Bis(2-hydroxyethyf) Ether; Digfycol; 

2-Hydroxyethyt Ether; 2, 2'-Oxydiethanoi), C 4 H 1 0 O j —106.12 
[111-46-6]^A coiorless to falntly yellow, viscous, hygro- 
scopic liquld. Miscible with water, with alcohol, with ether, 
ano with acetone. Insoluble in benzene and in carbon tetra- 
chloride, Use a suitable grade with a content of not less 
than 99.0%. 

Di(ethylene glycol) Methyl Ether (2-(2-Methoxyeth- 
oxy)ethanoi; Methyidiglycol), C 5 H 12 O 3 —120.15 
[111-77-3]—Use a suitable grade, 

Diethylene Glycol Succinate Polyester, 

(0CH 2 CH 2 0CH z CH200CCH 2 CH 2 C00) n [26183-02-8]— 
Clear, viscous (iquid, Soluble in chloroform. Is stabilized by 
modification of the diethylene glycol succinate polyester, to 
render it suitable for use in gas-hquid chromatography to a 
temperaturę of 200 *. 

[Notę—A suitable grade is available from Alltech, www. 
alltechweb.com.] 

Diethylenetriamme, C 4 H 11 N 3 — 103,17 [1 11-40-0] —CoL 

orless liquid. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) equipped with 
a flame-ionization detector, helium being used as the tar- 
ner gas. The following conditions have been found suita¬ 
ble: a 0.25-mm x 30-m capillary column coated with G2. 
The injection port temperaturę is maintained at 200°; the 
column temperaturę is maintained at 100 ° and pro¬ 
grammed to rise 10° per minutę to 250° and Helci Lhere 
for 5 minutes; and the detector temperaturę is maintained 
at 300 L \ The area of the main peak is not less than 95% of 
the total peak area. 

RE ERACH VE lNDEX (831): between 1.4815 and 1.4845 at 

20 °. 

Di(2-ethylhexyl)phthalate [Bis(2-e£hylhexyf)phthaiate /, 

390.56 [11 7-81 -7]—Use a suitable grade. 

Diethylpyrocarbonate, CeHigOs—162,14 [1609-47-8]— 

Clear, coiorless !iquid. Use a suitable grade. 

Diethyl Sulfone (Ethyl Sulfone), (C2H 5 )2S02™122.19 
[597-35-3]—Use a suitable grade with NLT 97%. 

Dlgitonin, CsaHwOj*— 122931 [11024-24-1 ]—White, 

crystalline powder. Almost insoluble in water; soluble in 
warm alcohol, and in glacial acetic acid and in 75% acetic 
acid; insoluble in chloroform and in ether, Meits at about 
230*, with decomposition. 

Specific Rotation (781): between -47° and -49°, deter- 
mined in a solution in 75% acetic acid containing 100 mg 
per mL, 

SOLUBIUTY in Alcohol: A solution of 500 mg in 20 mL of 
warm alcohol is coiorless and complete. 

Loss ON Drying (731): Dry it at I05 c to constant weight: 
it loses not morę than 6 % of its weight. 

Residue on Ignition (Reagent test): not morę than 0.3%. 

DigoJclfjenin (38,12$ 14&21-Tetrahydroxy-20(22)~norcholenic 
Acid Lactone; i/3, / 2 /?, 1 4-Tnhydroxy-5fl,2Q(22)-cardenoiłde; 5/3, 
20(22)-Cardenolide-3p / 12p f 14-triol; Lanadigenin), CaHnOs— 
390,51 [1672-46-4]—Use a suitable grade. 

24,25-DfhydroIanosterol (Lanostenoi, Lanost-8-en-3p-ol, Sa- 
Lanosh8^en 3P-oi t DHL), C 3 ol-fo0^28.73 
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[911660-54-3]—Use a suitable grade with a content of NLT 
99%. Storę at “20°. [Notę—A suitable grade is available 
from www.avantilipids.comJ 

Dihydrogumtdine Hydrocbloride, CaoH^CJNiiC):?—362,89 
[1476-98-8]—Rhombic plates. Freely soluble in methanol 
and in chloroform. 

Assav 

Mobile phaser Prepare a mixture of water, acetonitnle, 
dEethylamine, and methanesuffonEc acid (860:100:20:20). 
Procedurę: Inject about 20 pL into a suitable lipuid 
chromatograpb (see Chromatogrophy (62 1 )) equipped 
with a 235-nm detector and a 4.6-mm x 15-cm column 
that contains packing LI, The flow ratę is about 1.5 mL 
per minutę, The area of the Oo^rCINjCb peak is not less 
than 97.5% of the total peak area, 

Dihydroguinine (Hydroguinine), 326,43 

[522-66-7]—Freely soluble in acetone, in alcohol, and in 
chloroform; almost insoluble in water. 

Assay 

Mobile phase: Prepare a mixture of water, aceton i tri fe, 
diethylamine, and methanesulfonic add (860:100:20:20) 
and methanol (82:18). 

Procedurę: tnject about 20 jiL into a suitable Irguld 
chromatograph (see Chromatogrophy (621» eguipped 
with a 235-nm detector and a 4,6-mm x 15-cm column 
that contains packing U. The flow ratę is about 1.5 ml 
per minutę. The area of the C 2 t>H 2 fiNjOz peak is not less 
than 97.5% of the total peak area. 

2,5-Dlhydroxybenzotc Add, —154.12 

[303-07-1]—Off-white powder. Freely soluble in alcohol 
yielding a elear, very pale yellow sofutron. 

Assay: Dissolve about 75 mg, accurately weighed, in 
30 mL of methanol. Slowly aad 40 mL of water. Ti tratę 
with 0.1 N sodium hydroxide VS, determining the 
endpoint potentiometrically. Perform a blank determina- 
tion, and make any necessary correction. Each mL of 0.1 N 
sodium hydroxide is equEvalent to 15.41 mg of OHoO^. 

Not less than 99% is found. 

Melting Rangę (741): about 207°, with decomposition. 

2,7-Dihydroxynaphthalene—5ee 2,7-Naphthalenediol. 

Dtlodofiuorescein, C^ohOs—584.10 [31 395-16-1 ]— 
Orange-red powder. Slightly soluble fn water; soluble in al¬ 
cohol and in Solutions of alkali hydroxides. 

ReSIDUE on IGNITION: Ignite 200 mg with 5 drops of sulfu- 
ric acid: the weight of Cne residue does not exceed 1.0 mg 
(0,5%). 

5£N5IT!VENESS: Accurately weigh about 1 00 mg of potas- 
sium iodide, previously dried at 105° to constant weight, 
and dtssolve it in 50 ml of water, Add 1 ml of 
diiodoffuorescein TS prepared from the test spetimen and 
1 ml of glacial acetic acid, and titrate with 0.1 N silver 
nitra te V5 until the color of the precipltate changes from 
brownish-red to a bluish-red. The volume of 0.1 N silver 
nitrate consumed is not in excess of 0.10 mL over the cal- 
culated volume, based on the KI content of the dried po- 
tassium iodide detemnined as follows, Dissolye about 
500 mg of potassium iodide, accurately weighed, in about 
10 mL of water, and add 35 mL of hydrochloric add and 
5 mL of chloroform. Titrate with 0.05 M potassium iodate 
V5 until the purple color of iodine disappears from the 
chloroform, Add the last portlons of the iodate solution 
dropwise, agitating vigorously and conttnuously, After the 
chloroform nas been ćfecotorized, allow the mixture to 
stand for 5 mlnutes. If the chloroform develops a purpie 
color, titrate further with the iodate solution. Each ml of 
0.05 M potassium iodate is equivalent to 16.60 mg of KI. 

Diisodecyl Phthalate [Bis(izodecyl)pht halo te], C 28 I-UO 4 — 
446,66 [26761-40-0]—Use a suitable grade. 


Diisopropyl Ether (Isopropyl Ether), [(CH^^CHJjO —102.17 
[108-20-3]—Colorless, mobile Uquid, Slightly soluble En 
water. Miscibfe with alcohol and with ether. [Ca im ON: It is 
highly flammable. Do not use where it may be ignited, Do 
not evaporate to the point of near dryness, sińce it tends to 
form explosive peroxides,] 

Specirc Crayity: between 0.716 and 0.720, 

Distilling Rance, Method It (721): Not less than 95% dis- 
tills between 65° and 70°. 

Peroxjdes: To 10 mL, contained in a clean, glass-stop- 
pered cylinder previously rinsed with a pardon of the ether 
under exammation, add 1 mL of freshly prepared potas¬ 
sium iodide solution (1 in 10), Shake, and allow to stand 
for 1 minutę: no yeliow color is observed in either layer 
(about 0.001% as hhOz). 

Residue on Eyaporation: [Notę —ff peroxide is present, do 
not carry out this procedurę,] Evaporate 14 mL (10 g) from 
a tared shallow dish, and dry at 105° for 1 hour: the resi¬ 
due weighs not morę than 1 mg (0,01%), 

AciDiTY: Add 2 drops of bromothymol blue TS to 10 mL 
of water in a glass-stoppered, 50-mL fiask, and titrate with 
0.010 N sodium hydroxide until a blue color persists after 
vigorous shaking, Add 5 mL of diisopropyl ether, and tt- 
trate with 0,010 N sodium hydfoxide: not morę than 
0.30 mL is required to restorę the blue color (0.005% as 
CH 3 COOH). 

[Notę —For spectrophotometric determinations, use di- 
Isopropyl ether that meets the foliowi ng additional 
re quirement:] 

ABSORBANCE: its absorbance at 255 nm, In a 10-mm 
quartz celi, does not exceed 0.2, water being used as the 
blank. 

Diisopropylaminę, [(CH 3 )aCH] ? NH—101.19 [108-18-9]— 

Colorless liguid, 

Assay: Not less than 98% of CńHtsN is found, a suitable 
gas chromatograph eguipped with a flame-Eonization de¬ 
tector being usea. The following conditions have been 
found suitable: a 3.2-mm x 1,83-m stainless Steel column 
is packed with a cross-linked polystyrene support; the in- 
jection port temperaturę is maintamed at 250° and the 
detector temperaturę at 310°; the column temperaturę is 
programmed to rlse at 10 a per minutę from 50° to 220°. 
RefraOWE Index (831): between 1,3915 and 1.3935, at 
20 °. 

D i i so p ro py l e t hy I a m i n e (N, N-Di izopropyle thylamin e), 

CaHt^N—129,24 [7087-68-5]—Clear, colorless liquid. Sol¬ 

uble in glacial acetic acid. 

Assay: Accurately weigh about 500 mg, dissolve in 50 mL 
of glacial acetic acid, mix, add crystal violet TS, and titrate 
with 0,1 N perchlonc acid VS, Each mL of 0.1 N perchforic 
add is equivalent to 12.92 mg of C 8 H IP N. Not less than 
98% is found. 

RefraOWE IndeX (831): between 1.4125 and 1.4145 at 
20 °. 

1.2- Dilinoleoyl-3-oleoyl-rac-glycero!, Cs^HiooOs—881,4 
[2190-21-8]—Use a suitable grade, 

1.2- DilinoleoyI-3-palmitoyl-rac-qlycerol, C55H 9 s0 6 —855.4 
[2190-15-0]—Use a suitable grade. 

Diluted Acetic Add— See Acetic Acid, Difuted. 

Diluted Alcohol—Use Diluted Alcohol (NF monograph), 

Diluted Hydrochloric Add—See Hydrochloric Acid t Diluted. 

Diluted Nitric Acid—See Nitric Acid, Diluted. 

Diluted Sulfuric Add—See Sulfuric Acid, Diluted. 
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Dimethicone, visco$ity 500 centJstokes (Poly(dimethyhilox- 
ane), vhcosity 500 cenmtokes), b-$i(CH 3 ) 2 0-]„ 
[63148-62-9]—Use a suitable grade. 

^S-Dimetf^ybenzaldehyde, C*Hi 0 Oj—4 66.17 
[93-02-7]—Off-whrte crystals. 

Assay: Inject an appropiiate sperimen into a suitable gas 
chromatograph {see Chromatography (621)} equipped with 
a flame-ionization detector, nitrogen being used as the 
carrier gas. The following conditions have been found suit¬ 
able: a 0.3-mm x 30-m capillary column coated with 
phase Cl; the injection port temperaturę is maintained at 
270°; the detector temperaturę is maintained at 300°; the 
column temperaturę is maintained at 150° and pro- 
grammed to rise T0 e per minutę to 270°. The area of the 
main peak is not less than 97% of the total peak area. 
Melting Rance (741): between 50° and 52°. 

1,2-Drmethoxyetbane, OHtoOj—90.12 [110-71 -4]— 

Clear, colorless liquid. Miscible with water and with alcohol. 
Solubie in hydrocarbon salvents. May form peroxides on 
standing , 

Bojunc Rangę (Reagent test): Not less than 95% distills 
between 83° and 86°. 

REFRAcm/E !NDEX(831): between 1379 and 1381, at 
20 c . 

Acidity: To 20 mL add bromophenol blue TS, and Utratę 
with 0.020 N sodium hydroxide: not morę than 2.0 mL is 
consumed (about 0.015% as CHjCOOH). 

Water Determination, Method I (921): not morę than 
0.2%. 

Drmethoxymethane (Formaidehyde Dimethyl Acetal[ Metb - 
ytal), CjHeOj—76,10 [109-87-5]—Use a suitable grade. 

( 3,4- Di m eth o xy p h e ny I) ac e to n itr i I e (Nom o vera tronttrile), 
CioHnNOa—177.20 [934 74]—Off-white fibers. 

Melting Rance (741): between 65° and 67°. 

Dimethyl Phthalate, e 10 H T0 O 4 —19449 [1314 1-3]—Vis- 

cous, coioriess iiguid. 

Assay 

Mobile phase: Prepare a fiitered and degassed mixture 
of chromatographie n-heptane and n-propyl alcohol 
(HPLC grade) (973). Make adjustments ir necessary (see 
System Suitablhty under Chromatography (621}). 

Standard solution: Dissolve a suitable guantity of di¬ 
methyl phthalate in Mobile phase to obtain a solution 
hav*ng a known concentration of about 0.26 mg per ml. 
Procedurę: Inject about 20 pL into a suitable liguid 
chromatograph (see Chromatogrophy (621)) eąuipped 
with a 238-nm detector and a 4.6-mm x 25-cm column 
that contains packing L10. The flow ratę is about 1.0 mL 
per minutę. The area of the dimethyl phthalate peak is 
not less than 99% of the total peak area. 

Refractive 1ndex (831): between 1.514 and 1.518 at 20*. 

Dimethyl Sulfone (Methyl Sutfone), (CH 3 ) 2 SCh—9443 
[67-71-0]—White crystals. 

Meltjng Rangę (741): between 109° and 111°. 

Dimethyl Sulfoxide (Methyl Sulfoxide), (CH 3 ) 2 50—78.13— 
Use ACS reagent grade methyl sulfoxide. 

Dimethyl Sulfoxide, Spectrophotometric Grade 
[67-68-5]—Use methyl sulfoxide ACS spectrophotometric re¬ 
agent grade. 

N y A/-Dimethylacetamide, C 4 H*NO—8742 [1274 9-5]— 

Clear, colorless liaufd. Miscible with water and with many 
organie solvent$. use a suitable HPLC or spectroscopic 
grade. 


p-Dimethylaminoazobenzene (Methyl Yeilow, Butler Yellow), 
CfiHsN:NCfiH 4 N(CH 3 ) 2 —225.29 [60-11 -7]—Yellow leaflets 
or yellow, crystalline powder. 

Solubiuty: Insoluble in water; sparingly soiuble in chloro¬ 
form, in ether, or in fatty oils. Dissolve 100 mg in 20 mL of 
alcohol: the solution is complete or practicaily so and 
elear. 

Melting Rangę (741): between 115° and 117°. 

Residue on Ignitjon (281): not morę than 04%. 
Sensitiveness: Add 0.05 mL of an alcohol solution (1 in 
200) and 2 g of ammonium chloride to 25 mL of carbon 
dioxide-free water: the lemon-yeltow color of the solution 
is changed to orange by the addition of 0.05 mL of 04 N 
hydrochloric add and restored on the subseguent addition 
of 0.05 ml of 0.1 N sodium hydroxide. 

p-Dimethylaminofoenzaidehyde, (CH^NCóH.iCHO— 

14949 [100-10-7]—Use ACS reagent grade. 

p-Dimethylamtnocinnamaldehyde, 

(CHOiNCeH^CHiCHCHO— 1 175,23—Orange-yellow powder. 
Soiuble m acetone, in alcohol, and in benzene, 

MaTINC rance (741): between 132 fl and 136*. 

2-Dimethyiaminoetbyl Methacryiate, CaHisNO*-157.2 

[2867-47-2]—Use a suitable grade. 

Dimethylaminophenol (meta isomer), CsHuNO—13748— 
Purplish-black, gray, or tan-tolored, crystalline solid. 

MELTING RANGĘ (741): between 83° and 85°. 

2,6-Dimethylaniiine, QHnN—1214 8 [87-62-7]—Yellow 

liquid. 

Refractiye Index (831): about 1.5609 at 20°. 

A/,/V-Dimethylaniline, QH 5 N(CH 3 ) 2 —12148 
[121 -69-7]—Light yellow liguid. Clear, colorless liguid when 
freshly distilled, but aequiring a reddish to reddish-brown 
color. Specific gravity: about 0.960. Freezing point about 2°. 
Insoluble in water; soiuble in alcohol, in chloroform, in 
ether, and in dilute minerał acids. 

ASSAY: Inject an appropriate specimen (about 0.2 pL) into 
a suitable gas chromatograph (see Chromatography (621)) 
eguipped with a flame-ionization detector, helium being 
used as the carrier gas flowing at about 40 mL per minutę. 
The following conditions have been found suitable: a 
3-mm x 13-m stainless Steel column containing 20% 
phase G16 on support SI A; the injection port temperaturę 
is maintained at 250°; the column temperaturę is main¬ 
tained at 50° and programmed to rise 10 ° per minutę to 
200°. The detector temperatura is maintained at 310°. The 
area of the KW-dimethylaniiine peak havmg a retention 
time of about 11.5 minutes is not less than 99% of the 
total peak area. 

Refractoe Index (831): between 1.5571 and 1.5591 at 
20 °. 

Boiung Rangę (Reagent test): Distill 100 mi: the differ- 
ence between the temperatures observed, when 1 mL and 
95 mL have distilled, is not morę than 2.5°. Jts boiltng 
temperaturę at a pressure of 760 mm of mercury is 194.2°. 
HYDROCARBONS: Dissolve 5 mL in a mixture of 10 mL of 
hydrochloric add and 15 ml of water: a dear solution re- 
sults and it remarns dear on coofing to about 10 °. 

Aniune or Monomethylaniline: Place 5 mL in a glass- 
stoppered fiask, add 5 mL of a solution of acetic anhydride 
in benzene (1 in 10), mix, and allow to stand for 30 min¬ 
utes. Add 30.0 mL of 0.5 N sodium hydroxide VS, shake 
the mixture, add phenotphtbalem TS, and titrate with 0.5 
N hydrochloric acid V5. Perform a blank determination, 
and make any necessary correction. Not morę than 
0.30 mL of 0.5 N sodium hydroxide is consumed by the 
test specimen. 
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3.4- Dimethyibenzophenone, CisHhO— 210.27 
[2571-39-3]—White chunks melting at about 45°. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chramatography {621)} equipped with 
a flame-ionization deteetor, helium being used as the car- 
rier gas. The following eonditions have been found suita¬ 
ble: a 0.25-mm x 30-m capillary column coated with 
phase Cl: the deteetor temperaturę and the injeetion port 
temperaturę are maintained at 300°; the column tempera¬ 
turę is maintained at 180° and programmed to rise at the 
ratę of 10 3 per minutę to 280° and held at that tempera¬ 
turę for 10 minutes. The area of the main peak is not less 
than 99% of the total peak area. 

5.5- Dimethyl-1,3-cydohexanediQne, CbHuOz —140.18 
[126-8] - 8 ]—White, crystalline solid. Slightly soiuble in 
water; soluble in alcohol, in methanol, in chloroform, and in 
aeetk acid. 

Meltłng Rangę (741): between 148° and 150°. 

N,N-Dimethyldecylamine (1 -(Dimethylamino)decane), 
C 1 H 9 NO—18535 [1120-24-7]—Use a suitable grade with 

a content of not less than 98%. 

1.5- Dimethyl-1,5-diazaundecarnethyfene 
polymethobromlde (Polybrene), [28 728-55-4]“This is a 
positively charged polymer. lt is available as an off-white, 
crystalline solid or powder and is extremely hygroscopic. 

Use a suitable reagent grade. 

[NOTĘ—Commercially available as Polybrene.] 

N,N-D(methyldodeeylarmne-/V-oxide (Lauryldimeth- 
ylamine-Nwide), CH 3 (CH ? )nNOCCH0a—229.40 
[1 643-20-5]—Use a suitable grade. [Notę — N,N- 
Dimethyldodecylamine-N-OKiae, 0.1 N in Water and N,/V- 
Dimethyldodeq^lamine-N-oxide, 30 Percent are suitable 
grades as well.J 

Dimethy[ethyl(3-hydroxyphenyl)ammonium Chioride— 
See Edrophonium Chioride (USP Monograph), 

1,1 -Dimethy fethylaminę—See tert-Butylamine . 

DimethyIformamide (N f N-Dimethyiformamide), 
HCON(CHj) 2 —73.09 [68-12-2]—Use ACS reagent grade. 

/V,/V-Drmethylformamide Diethyl Acetal—-147.22 
[1 188-33-6]—Use a suitable grade. 

[Notę—A suitable grade rs available from Sigma-Aldrich, 
www.sigma-aldrkh.com.] 

1,3-Dlmethyl-24midazolidmane, C 5 H 10 N 2 O—114.15 
[80-73-9]—Use a suitable grade. 

1,9-Dimethyf-methyIene Blue, CjńH^CbNdOSiZn—850.1 
[23481*50-7]—Dark green powder. Use a suitable grade. 

[NOTĘ—A suitable grade is available from Sigma-Aldrich f 
www.sigma-aldnch.com,] 

A/,A/-Dimethyl-1-naphthylamine, Ci 2 Hi 3 N—171.24 
[86-56-6]—Pale yellow to yellow, aromatic Jigutd. Soluble in 
alcohol and in ether. 

Assay: Transfer about 250 mg, accurately weighed, to a 
suitable beaker, add 100 ml of glaoial acetic acid, and dis- 
solve by stirring. When solution is complete, titrate with 
04 N perchloric acid VS, determining the endpoint poten- 
tiometrically. Perform a blank determination, and make 
any necessary correctton. Each mL of 04 N perchloric acid 
is equivalent to 174 2 mg of CuHnN. Not less than 98% is 
found. 

Refractiye Jndex (831): between 1.6210° and 1.6230° at 
20 °, sodium light being used, 

Sulfanilamide Test: Dissoke 20 mg of U5P Sulfanilamide 
RS tn 100 ml of water to obtain the Sulfanilamide solution . 


Into two 150-mL beakers pipet 1.0 mL and 2.5 mL of the 
Sulfanilamide solution, respecttvely. Dilute with water to 
90 mL. To provide a blank, place 90 mL of water in a third 
beaker. To each beaker add 8.0 mL of trichloroacetic acid 
solution (3 in 20) and 1.0 mL of sodium nifrite solution (1 
in 1000). Stir the Solutions for 5 minutes, then add 10 mL 
of aeetate buffer TS, and 1.0 mL of a 1 in 1000 solution of 
A/,N-dimethyl-1-naphthylamine in alcohol, The pH is about 
5 to 6 , using pH paper. Stir for an additional 5 minutes, 
then add 20 mL of glaciaf aeetk acid. The pH is about 3 to 
4, using pH paper. In comparfson with the blank, the 
beaker containing 1,0 ml of the Sulfanilamide solution 
shows a pink color, while the other beaker shows a deep 
pink to red color. 

N, N-Dimethy loctylam ine, 15730 

[7378-99-6]—Colorless liquld. 

Refractive Index (831): 1.4243 at 20°. 

2.5- Dimethylphenol, C s HioO—12246 [95-87-4]—Use a 

suitable grade. 

2.6- Dimethy iphenol, (Chh^CóHiOH—12246 
[576-26-1]—White to pale yellow, crystalline solid. 

ASSAY: Inject a 1 in 3 solution of it rn xylene into a suita¬ 
ble gas chromatograph eguipped with a flame-ionization 
deteetor, helium being used as the carrier gas at a flow 
ratę of about 40 mL per minutę. The following eonditions 
have been found suitable: a 3,2-mm x 1.83-m stainless 
Steel column packed with 10% phase G25 on support 
SI A; the injeetion port temperaturę is maintained at about 
250° and tne deteetor temperaturę at about 310°; the col¬ 
umn temperaturę is programmed to rise at 8 D per minutę 
from 100° to 200°. SimiTarly inject a specimen of xylene. 
The area of the CahhoO peak is not less than 98% of the 
total peak area corrected for xylene, 

Melting Rance (741): between 44° and 461 

3.5- Dimethyfphenol, C®HioO—12246 [108-68-9]—Use 

a suitable grade. 

[Notę —A suitable grade is available as product number 
5600 from www.alfa.com.] 

N, N- Dimethyl-p-p henylened iamine Di hyd rochloride, 
(CH 02 NC ń H 4 NH 2 - 2HG—20942 [99-89-9]—Nearly 

white, fine, crystalline, hygroscopic solid that may have a 
pinkish cast. Freely soluble tn water; soluble in alcohol. 

Assay: Transfer about 400 mg, accurately weighed, to a 
250-mL beaker, and dissolve in about 75 mL of water. Ti¬ 
trate with 04 N sodium hydroxide V5, determining the 
endpoint potentiometrically, Each mL of 04 N sodium hy- 
droxide is equivalent to 10.46 mg of CeH^N 2 * 2HCL Not 
less than 98% is found. 

SoiUBiLiTY: A solution of 1 g in 10 mL of water produces 
not morę than a sfight haze. 

3-(4,5-Dimethylthiazoi-2-yi)-2,5-diphenyl Tetrazolium 
Bromide, Q B H s ,N,SBr—4143 [298-93-1 ]—Yellow to or* 

ange powder. Use a suitable grade, 

Dimethyltin Dibromide, C^H^BriSn—308.59 
[2767-47-7] —Use a suitable grade. 

m-Dinitrobenzene, C^H^NO^z—16841 [99-65*0]—Pale 

yellow crystals or crystalline powder, Almost insoluble in 
cofd water; slightly soluble in hot water. Soluble in chloro¬ 
form and in benzene; sparingly soluble in alcohol. Is volatile 
in steam. 

MELTrNG Rangę (741): between 89° and 92 G . 

Residue on Ignition {Reagent test): not morę than 0,5%. 

3.5- Dinitrobenzoy! Chioride, C 7 H 3 GN 2 O 5 —230*56 
[99-33-2]—Pale yellow, crystalline powder. Freely soluble in 
dilute sodium hydroxide Solutions; soluble in alcohol. 
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[Cauteon: Corroslve, moisture-sensitiye, lachrymator, and 
possible mutagen. Storę under nitrogen.] 

Melting Rance (741): between 69° and 71°, 

Solubility IN Sodium Hydroxide: A solution of 500 mg in 
25 ml of 1 N sodium hydroxide is elear or not morę than 
faintly turbid. 

Residue on Icnition: Ignite 1 g with 0,5 mL of sulfuric 
acid: the residue weighs not morę than 1 mg (0.1%). 

2.4- Dimtrochlorobenzene, CóHifNOaJaCl—202.55 
[97-00-7]—Yellow to brownish-yellow crystals. Insoluble in 
water; solubie in hot alcohol, in ether, and in benzene. 

Melting Rance (741): between 51 0 and 53°. 

Residue on Icnition: Ignite 500 mg with 5 drops of sulfu- 
ric acid: the residue weighs not morę than 1 mg (0.2%), 

2.4- Dinitrofluorobenzene (1 - Fluoro-2,4-dinitrobenzene), 

C 6 H 3 FN 2 04—186.10 [70-34-8]—Light yellow solid. Use a 

suitable grade, 

2.4- Dinitrophenylhydrazine, 2,4-C6Hj(N0 2 ) z NHNH2~- 

198.14 [119-26*6]—'Orange-red crystals, which under 

the microscope appear mdividually to be lemon-yellow, lath- 
like needles, Very siightiy soiuble in water; siightiy solubie in 
alcohol; moderately solubie in dilute inorganic acids. Use a 
suitable grade with a content of not less than 97%. 

Dloctyl Sodium Sulfosuccinate—Use Docusate Sodium (USP 
monograph). 

Dioxane (Diethylene Dioxide; 7,4-D/ox0ne), C 4 H B O z —88.11 
[123-91-1]—Use ACS reagent grade. 

Diphenyl Ether (Pbenyl Ether), (QH s ) z O—170.21 
[101-84-8]—A colorless liguid. Insoluble In water; soiuble in 
glacial acetic acid and in most organie solvents. Boils at 
about 259°. 

Melting Rance (741): between 26° and 28°, 

Diphenylamine, (QH 5 ) 2 NH—169.22 [122-39-4]—Use 

ACS reagent grade. 

Diphenylborinic Acid, Ethanolamine Ester, (2-Aminoethyi 
Diphenylborinate), GhHióBNG— 225.09—Whtte, crystalline 
powder. Use a suitable grade. 

Melting Rance (741): between 192° and 194°. 

Diphenykarbazide, (C ó H 5 NHNH) 2 CO—242.28 
[140 -22-7] —Use ACS reagent grade 1,5-Diphenyi- 
carbohydrazide. 

Diphenylcarbazone [Diphenylcarbazone compd, with 
s-Diphenylcarbazide (1:1)], C 6 H 5 NHNHCON:NC6Hs • 
C^HsNHNHCONHNfHCóH^—482.54 [538-62-5]—Use ACS 

reagent grade Diphenylcarbazone Compound with 
s-Diphenylcarbazide (1:1). 

2,2-Diphenylglycine, Ct 4 H u NQ 2 —227.26 [3060-50-2]— 

Off-white powder. Melts at about 244°, with decomposś- 
tion, 

Assay: Dissolve about 115 mg, accuratefy wdghed, in 
30 mL of methanol, Slowly add about 20 mL of water, 
heating siightiy if necessary for complete solution. Titrate 
with 0.1 N sodium hydroxide VS, determining the 
endpoint potentiometricany. Perform a blank determina- 
tion and make any necessary correetion. Each ml of 04 N 
sodium hydroxide is equivaient to 22.73 mg of CmHtiNOi. 
Not less trian 98.0% is found. 

D i p t e ry I a m i rt e — See Hexanitrodiphenyiomine. 

Dipropyl Phthalate, CuHiaO*—250.29 [131-1Ó-8]—Vis- 

cous, colorless liguid. 


Assav 

Mobile phase: Prepare a mixture of acetonitnle and 
water (52:48). 

Procedurę: Inject about 20 ^L into a suitable liquid 
chromatograph (see Chromatography (621)) eguipped 
with a 230-nm detector and a 4.6-mm x 15-cm column 
that contains packing LI. The flow ratę is about 2.0 ml 
per minutę. Tne area of the CuHuAt peak Is not less 
than 99% of the total peak area. 

Refractive fNDEX (831): between 1.495 and 1.499 at 20°, 

4,4M>ipyridvl, GcHaN*—156.18 [553-26-4]—Use a suita- 
bie grade, [NOTĘ—A suitable grade is available from Sigma- 
Aldrich Catalog number 289426.] 

cca^Dipyndyl—See 2,2'-Bipyridine. 

Disodium Chromotropate (4,5-Dihydroxy-2,7- 
naphthatenedisulhnic Acid, Disodium Salt), CioH ć O B 5 2 Na 2 - 
2H 2 G—400.29—Use ACS reagent grade Chromotropic Acid 
Disodium Salt. 

Disodium Ethylenediaminetetraacetate—See Edetate Diso¬ 
dium , 

5,5'-Dithiobfs(2~nitrobenzok Acid) (3-Carboxy-4-nh 
trophenyl disulfide; El(man's reagent), Ci4HaN 2 0aS 2 —396,35 
[69-78-3]—Yeliow powder, melting at about 242°, Sparingly 
soiuble in alcohol, 

Dithiothreitol (Cleland ł s Reagent; Threo-1 , 4-dimercapto-2,3- 
butonediol; DTT) f HSCH 2 CH(DH)CH(0H)CH 2 SH—154.25 
[3483-12-3]—Siightiy hygroscopic needles from ether. Freely 
solubie in water, in alcohol, in acetone, in ethyi acetate, and 
in ether, 

Melting Rance (741): between 42° and 44°. 

D ith i zo n e (D iph enyfthiocarb azone; Phen ylazo thio formie Acid 

2- Phenylhydrazide), C 6 H 5 N:NCSNHNHC 6 H 5 —256.33 
[60-10-6]—Use ACS reagent grade. 

1-Dodecanol (Dodecyl Alcohol), CH 3 (CH 2 ) T1 OH—186.33 
[112-53-8]—A elear, colorless liquid. Crystallizes as leaflets 
from dilute alcohol solution. Use ACS reagent grade. 

Do decyl Akohol—See 1-DodecanoL 

Dodecyl Lithium 5u!fate (Uthium Dodecyf Sulfate, Lithium 
LauryI Sulfate), C 32 H 25 Li0 4 S—272.3 [2044-56-6]—White 

to off-white powder, elear to siightiy hazy, colorless to faint 
yellow solution in water at 50 mg per ml at ambient tem¬ 
peraturę, The UV absorbance of a 0,1 M solution is less than 
0,05 at both 260 and 280 nm. The pH of a 0,1 M solution 
in water is 7.0 ± 0.5. Use a suitable grade. 

f-Do decyl Mercaptan Ethoxylate (Poly(oxy-l ,2-ethanediyl), 
o.-[2-(ten - Dodecyithio) ethyi]-co - hydroxy-) t (CjhLOJnCuhhoOS 
[9004-83-5]—Commercially available as a 1% or 2% aque- 
ous solution, Use a suitable grade. [Notę— A suitable grade 
is available as catalog number 805716 from www.fishersd. 
com or as catalog number R805700G from www.ric* 
cachemicaLcom.J 

Dodecyl Sodium Sulfonate (Sodium 1 -Dodecanesulfonate; 

1-Dodecanesulfonic Acid, Sodium Salt), Q 2 H 25 S0 3 Na—272.38 
[2386-53-0]—White, powdery solid. One g dissoJves in 
50 mL of warm water to yteld a elear, coloriess solution. Use 
a suitable grade. 

Melting point (741): higher than 300°. 

3- (Dodecyldimethylammonio)propanesuifonate (Laury! 
sulfohetaine, N, N-dtmethybN-dodecyl-N-(3-suifopropyi) 
ammonium betaine) f C l7 H 37 NO]S—335.54 
[14933-08-5]—Use a suitable grade. 
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Dodecyltnethylammonium Phosphate, 0.5 M, [C^htaN ■ 
(GH 5 )3]3P0 4 —90ó*52-~Use a suitable grade. 

[NoiE“A suitable grade is available as lon Pair Cocktail 
Q12 (catalogue number 404031} from Regis Technologies, 
Inc, www,registech*com.] 

Dodecyltrimethylamrnonlum Bromide (Lauryltrimethylom- 
monium bromide), CH 3 (CH 3 ) 1t N(CHi)jBr—308,3 
[1119-94-4]“Use a suitable grade. 

[Notę —A suitable grade is availabfe as catalog number 
D5047 from Sigma-Aldnch, www.sigma-aJdrich.com.] 

Drabkin's Reagent: The reagent consists of 100 parts of 
sodium biearbonate, 20 parts of potassium ferricyanide, and 
5 parts of potassium cyanrde. [Caution: The reagent is 
HtCHLY TOXIC. Very toxic by inhalation, in contact with 
skin, and if swallowed, and there is a nsk of serious damage 
to eyes* Wear suitable protective dothing, g!oves, and eye 
and face protection, Do not mlx with acids. Contact with 
acids fiberates a verv Loxic gas. II ingested, perform gastric 
lavage, and cali a pnysidanT] 

[NOTĘ—The reagent can be obtained from many manu- 
facturers and suppliers. Some examples of manufacturers or 
suppliers are the rollowing: Sigma Chemical Co., 5t* Louis, 
MO; and OMA Scientific, Dallas, TX,] 

Dried Peptone—See Peptone , Dńed. 

Earth, Chromatographic, Silanized, Acid-Base Washed— 
Use a suitable grade. 

[Notę—A suitable chromatographic grade is "Gas-Chrom 
O," available from Alltech, www.alltechweb.com,] 

E dęta te Di sodium (Disodium Ethylenediaminetetraacetote) 
C 5 DHMN z 0 8 Na 2 ' 2H 2 0—372.24—Use ACS reagent grade 
{Ethylenedinitrilojtetraacetic Add Disodium Salt Dihydrate, 

Edetic Acid (EDTA; Edathomil; Ethyienediominetetroocetic Acid; 
[EthylenedinitriloJtetraacetic Acid), CioHirjN^Oe—292.24 
[60-00-4]—Use ACS (Ethylenedinitnlo)tetraacetic Acid rea¬ 
gent grade. 

n-Eicosane, C 2D H 42 —282.55 [ 11 2-95*8]— 1 Wbite, crystal- 

Irne solid. 

MELTiNG Rangę (741): between 37° and 39°, 

Efcosanol [629-96-9]—Use a suitable grade. 

Eosin Y (Eosin Yellowish Y) (Certified Bfobgicai Eosin Y; 5o- 
diutn Tetrabromofluorescein), C7oHóBr 4 Na 2 Os—691 *85 
[17372-87-1]—Red to brownish-red pieces or powder. Use 
ACS reagent grade, 

Epiandrosterone (trans-Androsterone, 5a-Androstan-3p-ol- 
17-one), CigH 3 o0 2 “290 t 44 [481-29-8]—Use a suitable 
grade. 

[NOTĘ—A suitable grade is available as catalog number 
E3375 from www.stgma-a!drich*com*] 

15-Epicarboprost (15(R)-Methyi prostagfandin F2a), 
C 2 iHhO s — 368*5 [35864-81-4]—Use a suitable grade with 

a eon tent of NLT 98%, Storę at -20°. 

[Notę —A suitable grade is available as catalog number 
16730 from www.caymanchem.com.] 

Eguilenin, CiiHi fl 0 2 —266.33 [51 7-09-9]—CoioHess or 

white crystals or erystafline powder. Insoluble rn water; solu- 
ble in chloroform and in dioxane; moderately soluble in al- 
tohol* 

Melting Rangę, Ciass U (741): between 256° and 260°, 
Specific Rotation (781): between +85° and + 88 °, deter- 
mined in a solution in dioxane containing 75 mg of egui¬ 
lenin in each 10 ml. 


Absorption Maxima: An alcohol solution exhibits absorp- 
tion maxima at 231, 282, 325, and 340 nm. 

ft-Ergocryptme, C 32 H 41 N 5 O 5 -—575,70 [511 -09-1 ]—Use a 

suitaofe grade. 

Eriochrome Black T-5 odium Chi O li de indicator: Mix 
0.1 g of eriochrome black T and 10 g of sodium chloride, 
and tnturate until the mixture becomes homogenous. 

Eriochrome Cyanine R, C^H^NajO^S—536.40 
[3564-18-9]—Dark, red-brown powder. Fredy soluble in 
water; insoluble in alcohol. 

SOLUBitUY: 200 mg in 1 00 mL of water yields a solution 
that remains elear and free from undissolved matter for 
30 minutes, 

boss on Drying (731): Dry it in vacuum over silica gel to 
constant weight: it loses not morę than 2 % of its weight. 
Residue on Icnition (Reagent test): 0.5 g, treated with 
1 mL of suffuric acid and 2 mL of nitric acid, yields be¬ 
tween 42.0% and 44*0% of the dry weight (theoretical 
yield is 42.9% of NasSO*}, 

SENSmVENE55: Add 2 ml of a solution (1 in 1000) to 1 mL 
of atuminum suffate solution (1 in 10,000), heat at 37 ±3° 
for 5 minutes, cool, and add 1 mL of sodium acetate TS: a 
strong red to red-violet color is produced in not morę than 
5 minutes. 

Escin [6805-41-0]—Use a suitable grade. 

Ethanesulfonic Acid, C 2 H s SO a H—110*13 [594-45-6]— 

Coiorless to Itght yellow Nquid* Solubie in water. 

Assay: Accurately weigh about 300 mg, dissofve in 30 ml 
of water, add phenofphthalein TS, and Utratę with 0,1 N 
sodium hydroxide VS. Each mL of 0.1 N sodium hydroxide 
is equivalent to 11.013 mg of CiHsSOiH: between 94.0% 
and 106*0% is found* 

Refraowe Index (831): between T.432 and 1*436 at 20°. 

Ether—5ee Ełhyl Ether * 

Ether, Absolute—See Ethyl Ether, Anhydrous * 

Ether, Diphenyi—See Diphenyl Ether * 

Ether, Isopropyl—See Diisopropyl Ether 

Ether, Nonyl Phenyi Polyethylene Glycol—See (p-tert- 
Ocłylphenoxy) nonaethoxyethon oL 

Ether, Peroxide-Free (Diethyl Ether; Ether), (CzHs^O— 
74*12—Use ACS reagent grade. 

Peroxide: Transfer 8 mL of potassium iodide and starch 
TS to a 12-mL ground g lass-sto ppered cylinder about 
15 mm in diameter. Fili completely with the substance 
under test, mix, and alIow to stand protected from liejht 
for 5 minutes* No color develops* Aiternatiyely, peroxtde 
test strips may be used. 

[Notę—S uitable peroxide test strips can be obtained 
from EMD Chemicals, www.emdchemicals.cpm* ] 

Ethidium Bromide, C 2 ,HaoNa 6 r—394*3 [1239-45-8]— 

Purple to purple-red powder. Use a suitable grade. 

4'-Ethoxyacetophenone, CmHizCb—^164.20 
[1676-63-7]—White to tan crystals. 

Assay: Dissolve about 50 mg in 1 mL of ether* Inject 
about 1 pL of this solution into a suitable gas chromato¬ 
graph (see Chromatogrophy (621)) equipped with a flame- 
ionization deteclor and a 0.25-mm x 30-m capillary col- 
umn containing stationary phase G1* The carner gas is he¬ 
lium* The chromatograph is programmed as follows. Ini- 
tially, the column temperaturę is eguilibrated at 180°, tli en 
the temperaturę is inereased at a ratę of 10 ° per minutę to 
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280°, and maintained at 28Q & for 10 minutes. The injec- 
tion port temperaturę i $ maintained at 280*, and the de¬ 
tector is maintained at 3007 The area of the 4'-ethoxy- 
acetophenone peak ts not less than 97.5% of the total 
peak area* 

Melting Rangę (741): between 34 c and 397 

2-EŁhoxyethanol (Ethylene Glycol Monoethyf Ether% 

C,H ( 0 O 2 —90*12 [110-80-5]—Clear, colorless liquid. Mis- 

cible with water, with aicohot, with ether, and with acetone. 
Spegfic Gravity (841): about 0,93. 

Boiunc Rance (Reagent test): Not less than 95% distills 
between 1 33° and 135°, 

Ethyl Acetale, CH 3 COOQH 5 — 88 .11 [141 -78-6]^Use 

AC5 reagent grade. 

Ethyl Acrylate [140-88-5]—Use a suitable grade* 

Ethyl Alcohol (Alcohol; Ethanol% CiH 5 OH—46.07—Use Alco - 
hol 

Ethyl Arachidate, CizH^O^MO.Ó [18281 -05-5]—Use a 

suitable grade* 

Ethyl Benzoate, GHhoOi—150.17 [93-89-0]—Clear, col¬ 
orless fiquid, Practically insoluble in water; miscible with al¬ 
cohol, with chloroform, and with ether* 

Assay: Inject an appropriate specimen Into a suitable gas 
chromatograph (see Chromatography (621)), helium bemg 
used as the carrier gas* The folfowing conditions have 
been found suitable: a 3-mrrt x 2,4-m stainless Steel coh 
umn containing 20 % phase G16 on support SI A; the in- 
jection port, eolumn, and detector temperatures are main¬ 
tained at 180°, 195°, and 250°, respectively. The area of 
the ethyl benzoate peak is not less than 98% of the total 
peak area* 

Refractive Index (831): between 1.5048 and 1*5058 at 
207 

Ethyl Cyanoacetate, CNCH 2 COOC 2 H 5 —113*11 
[1 05*56-6]—- Colorless to pale yelfow liquid. Slightly soluole 
in water Miscible with alcohol and witn ether* At atmos- 
pheric pressure it boils between 205° and 209°, with de- 
composition. At a pressure of 10 mm of mercury it distills at 
about 90°, 

Spegfic Grayity (841): between 1*057 and 1*062. 

Aodity: Dissolve 2 mL in 25 ml of neutralized alcohol, 
add phenolphthalein TS, and titrate with 0.10 N sodtum 
hydroxide: not morę than 1*5 mL Is required to produce a 
pmk color* 

Ethyl Ether (Diethyl Ether; Ether), (CzHOzO—74*12 
[60-29-7]—Use AC5 reagent grade* 

Ethyl Ether, Anhydrous (Diethyl Ether ; Anhydrous; Ether , Ab¬ 
solut?), (CjHsfcO—74.12 [60-29-7]—Use ACS reagent 

grade. 

Ethyl Salicylate, CspHkjGj— 166*17 [118-61-6]—Colorless 

liquid. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) equipped with 
a flame-ionization detector, helium belng used as the car¬ 
rier gas. The following conditions have been found suka- 
ble: a 0.25-mm x 10 -m capillary eolumn coated with a 
1 -pm layer of methylsilicone; the injection port tempera¬ 
turę is maintained at 240°; the detector temperaturę is 
maintained at 300°; the eolumn temperaturę is maintained 
at 150° and programmed to rtse 10° per minutę to 2507 
The area of the ethyf salicylate peak is not less than 99% 
of the total peak area, 

REFRACm/E Index (831): between 1.5216 and 1.5236 at 
20 °. 


2-Ethylammopropiophenone Hydrochloride, 
C ć HsCOCH(CH 3 )NHC 2 H 5 • HCI—213.70 [51553-17-4]— 

Use a suitable grade* 

4-Ethylbenzafdehyde, C 2 H 5 C 6 H 4 CHO—134*18 
[4748-78-1]—Colorless to pale yellow Jiqurd* 

Assay: Dissolve about 600 mg, accurately weighed, in a 
mmture of 100 mL of alcohol and 25 mL of 1 M hydroxyla- 
mine hydrochloride in a beaker, Cover the beaker with a 
watch glass. Heat gently until condensate begins to form 
on the watch glass. Al Iow to cool for about 30 minutes* 
Titrate with 0*5 N sodtum hydroxide V5, determinmg the 
endpoint potentiometrically. Perform a blank determina- 
tion, and make any necessary correetion. Each mL of 0,5 N 
sodium hydroxrde is equivalent to 67*09 mg of 
CzHsCeH^CHO* Not less than 98% is found, 

Ethylbenzene, C 8 H ( ^106*17 [100-41-4]—Not less than 

99*5%* 

Ethylene Dkhloride (1,2-DkhlaroethaneX C 2 H 4 CI 2 —98,96 
[107-06-2]—Use ACS reagent grade 1 , 2 -Dichloroethane. 

Ethylene Glycol, HOCH z CH z OH—62*07 [107-2 M ]— 

Ciear, colorless, slightly vtscous, hygroscopic liquid* Slightly 
soluble in ether; practically insolubfe in benzene, Miscible 
with water and with alcohol, 

Spegfic gravity( 841): about 1*11* 

BOIUNG RANCE (Reagent test): between 19 4 a and 200°. 
Residue on ICNtTiON: Evaporate 100 mL (110 g) tn a tared 
evaporating dish over a flame until the vapors continue to 
bum after the flame is removed. Al Iow the vapors to bum 
until the specimen is consumed* Ignite at 800 ± 25° for 
1 hour, cool, and wergh; the residue weighs not morę 
than 5*5 mg (0.005%). 

Audity: Add 0*2 mL of phenol red TS to 50 mL of water, 
and titrate with 0.1 N sodium hydroxide to a red 
endpoint, Add 50 mL (55 g) of ethylene glycol, and titrate 
with 0.1 N sodium hydroxide: not morę than 1 mL is re- 
quired to restore the red color (0.01% as CHsCOOH). 
Chlorjde (Reagent test): A 4.5-mL (5-g) portion shows 
not morę than 0*025 mg of Cl (5 ppm)* 

Water Determination, Method I (921): not morę than 
0 * 20 %, 

Ethylene Glycol Monoethyl Ether—See 2-Ethoxyethanoi 

Ethylene Oxide in Methylene Chloride (50 mg/mL): Use 
a suitable grade* 

[NOTĘ—A suitable grade is available from Sigma Aldrich 
Corporation, www.sigma-aldrich.com .] 

Ethylenediamine (1,2-Dtaminoethane) CsHaNz—60.10 
[107-15-3]—Use a suitable grade with a content of not less 
than 99%, 

AZ-Ethylmalermide (UEthyhl H-pyrrole 2,5-Dione), 

C 6 H 7 NOa— 125*12 [128-53-0]— Use a suitable grade. 

IWelting Rance (741): between 43 D and 477 

2-Ethyl-2-methylsucdnk Add, OHizO.*—160.17—White 
crystals* 

Assay: Transfer about 80 mg, accurately weighed, to a 
suitable beaker, add 30 mL ot methanol, and dissolve by 
stirring. Slowly add 40 mL of deionized water. [NOTĘ—Ir 
doudmess appears when adding the deionized water, dis- 
solve in 50 mL of methanoi only*| When solution is com- 
plete, titrate with 0.1 N sodium hydroxide V5, determining 
the endpoint potentiometrically* Perform a blank titration, 
and make any necessary correetion. Each ml of 0.1 N so¬ 
dium hydroxide is equivalent to 16.02 mg of GH 12 O 4 . Not 
less than 98.5% of C 7 Hi Z 0,i is found* 
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Melting Point (741): between 101° and 103°. 

1- Ethylquinaldinium Iodide, CuHhIN— 299.15 
[606-55-3]—Yellow-green solid. Sparingly soluble in water. 

Assay: Dissolve about 290 mg, accurately weighed, in 
100 mL of water, and add 10 ml of glaciaf acetic acid, 
Titrate with 0.1 N silver nitrate VS, determining the 
endpoint potentiometrically, using a sifver-ion selective 
electrode and a calomel rererence electrode containing 
1 M potassium nitrate. Perform a blank determination, and 
make any necessary correction. Each mL of 0 .1 N silver 
nitrate is equivalent to 29.92 mg of C 12 H 14 IN: not less than 
97,0% is found. 

Factor X a (Activated Factor X) for Anti-Factor Test— 
Factor X* is the proteolytic enzyme derived from bovine 
plasma, and It cleaves prothrombln to form thrombin. It isa 
glycoprotein having a molecular weight of 40,000. One Fac¬ 
tor X, Unit is the amount of activatea endogenous Factor X 
(55,000 Da when nonactivated) that is contalned in 1 mL of 
norma! plasma. RusselLs viper venom is used to activate the 
enzyme, and is then remoyed. The preparation is stabilized 
and lyophilized, 

Factor Xj is free of thrombin at the concentration used in 
the test. When tested against pure fibrinogen, no clotting 
takes place within 24 hours. It has not less than 40 Factor X,, 
Units per mg of protein, and enhibits 90% homogenetty 
when testecf by disk electrophoresis. 

One Factor X a Unit per mL gives a T5-second clotting 
time when tested in the following manner. 3Vfix 0.1 mL of a 
saturated solution of cephalin <derived from rabbit brain- 
acetone powder or from an equivalent amount of rabbit 
brain thromboplastin) in OJ mL of dtrated bovine plasma 
and 0.1 mL of 0.025 M calcium chioride. Immediately add 
0.1 mL of a solution of factor X* (1 in 10), and mcubate at 
37°, 

Fast Blue B Salt, CmHuN-iO* • ZnCh—475.47 
[91-91*8]—Creen powder. 

LOSS ON PRYING (731): Dry it in vacuum at 110° for 
1 hour: it loses not morę than 5,0% of its weight 
Absorbance: Dissolve 50 mg in 100 mL of water. In a sec- 
ond Container dissolve 100 mg of 2-naphtbol in 100 mL of 

2- methoxyethanol. Pipet 5 mL of the test solution and 

10 mL of the 2-naphtnof solution into a 1Q0-mL yolumetrfc 
fiask, and dilute with acetone to yolume. For the blank, 
pipet 5 ml of water and 10 mL of 2-naphthol solution into 
a second 100-mL volumetric fiask, and dilute with acetone 
to yolume. Determine the absorbance of the test solution 
in a 1 -cm celi at the wavelength of maximum absorbance 
at about 545 nm, with a suitable spectroph otom eter, us¬ 
ing the blank to set the instrument: the absorbance rs not 
less than 0,80. 

Fast Blue BB Salt, (CbHuONiDjIi ■ ZnCfe—831.89 
[15710-69-7]—Yellow powder melting at about 162°, with 
decomposition, Sparingly soluble in water, 

Chlorioe: Transfer about 80 mg, accurately weighed, to a 
suitable beaker. Add 25 ml of acetone, 25 mL of water, 
and 500 mg of sodium nitrate, Stir untif solution is com- 
ptete. Ti tratę with 0.01 N silver nitrate V5, determining the 
endpoint potentiometricafly. Perform a blank determina- 
tion and make any necessary correction. Not less than 
15.0% of chioride is found. 

Fast Green FCF, CazHuNjNa^ChoSr—808,86 
[2353-45-9]—Red to brownwiolet powder or crystafs. Solu¬ 
ble in water; sparingiy soluble in alcohoL Use a suitable 
grade, 

FD&C Blue No. 1 (Brilliant Blue), Cj^NjO^Na*—792,86 
[3844-45-9]—Use a suitable grade. 


Fenie Ammonium Citrate—Thin, transparent, gamet-red 
scales or granules or brownish-yellow powder. Is deligues- 
cent and is affected by light, Very soluble in water; insoluble 
in alcohol. 

Assav: Accurately weigh about 1 g, dlssolve in 25 mL of 
water in a glass-stoppered fiask, add 5 mL of hydrochlone 
acid and 4g of potassium iodide, insert the stopper in the 
fiask, and a fi o w to stand in the dark for 15 minutes. Add 
100 mL of water, and titrate the liberated iodine with 0,1 
N sodium thiosulfate VS, adding 3 mL of starch TS as the 
endpoint is approached. Perform a blank determination, 
and make any necessary correction. Each mL of 0.1 N so* 
dium thiosulfate »s equivalent to 5,585 mg of Fe: between 
16.5% and 18,5% is found. 

FERRiC CITRATE: To 250 mg dissolved in 25 mL of water 
add 1 mL of potassium ferrocyanide TS: no blue precipitate 
ls formed. 

Tartrate: Dissolve 1 g in 10 mL of water, add 1 mL of 
potassium hydroxide TS, boil to coaauiate the ferric hy- 
droxide, adding morę potassium hydroxide TS, if neces¬ 
sary, to precipitate all of the iron, fil ter, and slightly acidify 
the fiftrate with glarial acetic acid. Add 2 mL of glaciaf 
acetic add, and allow to stand for 24 hours: no crystalline 
white precipitate is formed. 

Lead (251): Dissolve 1.0 g in 30 mL of water, add 5 mL of 
dilute nitric acid (1 in 21), boil gently for 5 minutes, cool, 
and dilute with water to 50 mL: 20 mL of the solution 
shows not morę than 0,008 mg of Pb (0.002%). 

Ferric Ammonium Sulfate, FeNH^SO^i - 12H?0— 

482.19—Use ACS reagent grade. 

Ferric Chioride, FeCI 3 ■ óFUO—270,29 [10025-77-1 ]— 

Use ACS reagent grade. 

Ferric Nitrate, Fe(NOi)i • 9FUG—404.00 [10421 -48-4]— 

Use ACS reagent grade. 

Ferric Sulfate, Fe^SO^ xH 2 0 [15244-10-7]—Grayish- 
white, hygroscopk powder, or fawn-colored pearls, slowly 
soluble in water. 

Assay: Accurately weigh about 700 mg, and dissolye it in 
a mixture of 50 ml of water and 3 mL of hydrochlone acid 
in a glass-stoppered fiask. Add 3 g of potassium iodide, 
and allow to stand in the dark for 30 minutes. Then dilute 
with 100 mL of water, and titrate with 0.1 N sodium thio¬ 
sulfate VS, adding 3 mL of starch TS as the endpoint is 
approached. Each mL of 0,1 N sodium thiosulfate is equiv- 
alent to 5.585 mg of Fe: not less than 21,0% and not 
morę than 23,0% is found, 

Insoluble matter (Reagent test): A 1 0-g portion, dis- 
sofved in a mixture of 100 mL of water and 5 mL of sulfu* 
ric acid, shows not morę than 2 mg of insoluble matter 
( 0 . 02 %). 

Chioride: Dissolve 1 g by warming with a mixture of 
10 mL of water and 1 mL of nitric acid, add 4 ml of addi- 
tional nitric acid, and difute with water to 50 mL, To 
25 mL add 1 mL of phosphoric add and 1 mL of silver ni- 
tratę TS. Any turbidity does not exeeed that produced in a 
control containing 0.01 mg of chioride ion (Cl), 1 mL of 
nitric acid, 1 ml of phosphoric acid, and 1 mL of silver 
nitrate T5 (0.002%). 

FERROUS iron: Dissolve 4 g by warming with 50 mL of di- 
lute sulfuric acid (1 in 10), cool, and titrate with OJ N 
potassium permanganate: not morę than OJ 6 mL is re- 
guired to produce a permanent pink color ( 0 . 02 % as 
Fe+2), [Notę—B ecause the reagents used in the tests for 
Copper and Zinc may contain excessive amounts of copper 
and 2 inc, they should first be purified by extracting with 
Dithizone Extractbn Solution (see Lead (251)),] 

Copper: Dissolve 1,2 g in 100 mL of water. To 10 mL add 
50 mL of a solution containing 5 g of ammonium tartrate 
and 5 mL of ammonium hydroxide. Add 10 mL of Stan¬ 
dard Dithizone Solution (see Lead (251)), shake for 2 min- 
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utes, draw off the dithizone layer, and compare the pink 
color with that in a contro! containing 6 pg of copper fon 
(Cu) and treated exactly as the 1 0-mL portEon of test solu- 
tion. If the color in the test solution is less than that En the 
control, then the test specimen eontains less than the limit 
of both Copper and Zinc. If the color En the test solution is 
morę than that in the control, add 15 mL of dilute hydro- 
chloric acid (1 in 250), and shake for 2 minutes. Draw off 
the dithizone solution, and shake with a second 15 mlof 
dilute hydrochkmc acid (1 in 250) for 2 minutes. Draw off 
the dithizone, combine the two acid extracts, and reserve 
for the Zinc test. Any pink color in the dithizone soluticn is 
not darker than that in the eon troi solution treated exactly 
as the test solution (0.005%)* 

Zinc To the combined add extracts saved from the Cop- 
pertest, add 0.5 M sodium acetate to bring the pH be- 
tween 5.0 and 5,5, and then add 1 mL of 0*1 N sodium 
thiosulfate* Add 10 mL of Standard Dithizone Solution (see 
iead (251)), shake for 2 minutes, and allow the layers to 
separate* Draw off the dithizone, and discard the water 
layer, Any pink color is not greater than that in a control 
prepared by adding O.OOó mg of zinc ion (Zn) to the com- 
bined acid extracts from the control used in the test fo‘ 
Copper (0.005%). 

Nitrate: Dissolve 10 g in 100 mL of dilute sulfuric acid (1 
in 100), heat to boiling, and pour, slowly, into a mixtu^e 
of 140 mL of water and 50 mL of stronger ammonia IS. 
Filter through a folded fElter while still hot, wash with hot 
water until the volume of the fi i tratę is 300 mL, mEx, and 
cool. To 15 mL of this solution add 1 mL of sodium chlo- 
rlde solution (1 in 200), 0*10 mL of Indigo carmine TS, 
and 15 ml of sulfuric add. The blue color is not com- 
pleteiy discharged at the end of 5 minutes (0.01%)* 
SUBSTANCES NOT PRECIPITATED BY AMMONIA: EvapOrate tO 
dryness 30 mL of the filtra te obtained in the test for Ni¬ 
trate, and ignite gently: the weight of residue does not 
exceed 1 mg (0*10%)* 

Ferrocyphen (Dicyano-his (1,10-phenantroiine) iron (If) Lom¬ 
pie x), (CnHg[Nh) 2 Fe(CN):! — 468*3 — Brown to black powder. 
Dark red solution at 10 mg per mL in glacial acetic acid, 
Soluble in chloroform and in water at 5 mg per mL, ylelding 
a elear purple solution in chloroform and a elear orange 
solution En water. 

Water Determinateon, Method I (921): not morę than 

10 %. 

Ferrous Chloride Tetrahydrate (iron (ii) Chtoride Tetra- 
hydrate), FeCh ■ 4H 2 0— 198.81 [13478-10-9]—Use a sułt¬ 

anie grade with a content of NLT 99.0%. 

Ferrous Sulfate, FeSO^ ■ 7hb 0—278.02 [7782-63-0]— 

Use ACS reagent grade. 

Ferrous Ammonium Sulfate, Fe(NHi);?(SCh )2 * 6H 2 0— 
392.14—Use ACS reagent grade. 

Ferułic Acid ( 4-Hydroxy-3-methoxycinnamic add), 

CioHioO*—194.19 [11 35-24-6]—Use a suitable grade* 

Fibroblast Crowth Factor-2: Use a suitable grade, 

[NOTĘ—A suitable grade can be obtained from Roche Di- 
agnostlcs Corporation, www.roche-diagnostEcs.com*] 

Filter Paper, Quantitative —For the Mercuric Bromide Test 
Paper used in testing for arsenie, use Swedish O filter paper 
or other makes of 13 ke surface, guality, and ash, 

Fiuorenc, C n H 10 —166.22 [86-73-7]—White to off-whi te 

crystals or powder* Soluble in benzene, in carbon disulfice, 
in ether, and In hot alcohol; freefy soluble in glacial acetic 
acid* 

Solubility Test: One g dlssolves in 10 mL of acetone to 
yiefd a elear and complete solution. 


Meltjng Rangę (741): between 113° and 11 7°, within a 
2 ° rangę, 

9-Fluorenylmethyl Chloroformate, C 15 HnCI02—258.70 
[28920-43-6]—Cfear, colorless solid. Melts at about 62°. 

Fluorescamme, C 17 H 10 O 4 —27Ł.26 [38183-12-9]—White 

to off-wh i te powder. Very slightly soluble in water; Ireely 
soluble in methylene chloride; soluble in alcohol; slightly sol- 
uble in chloroform. 

Assay: Dissolve about 600 mg in 75 mL of dimethylform- 
amlde, and titrate with 0.1 N lithium methoxide to a blue 
endpoint, using 1 % thymol blue in dimethylformamide as 
the Endicator, Perform a blank determination, and make 
any necessary correction, Each mL of 0.1 N lithium meth- 
oxide is equivalent to 27.83 mg of C^HioCh. Not less than 
99% Is found. 

Loss ON Drying (731): Dry it at 105° for 4 liours: it loses 
not morę than 0.5% of its weight, 

4'-Fluoroacetophenone, FC fi H^COCH 3 —138.14 
[403-42-9]—Colorless liguid. 

ASSAY: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chroma tog raphy (621)) eguipped with 
a flame-ionization detector, helium oeing used as the car- 
rier gas* The following conditions have been found suita¬ 
ble: a 25-mm x 3 Q-m capillary column coated with a Tfim 
layer of phase G 2 ; the inject]on port temperaturę is main- 
talned at 200 °; the detector temperaturę is maintained at 
250°; the column temperaturę Es maEntained at 100° and 
programmed to rise 10° per mrnute to 250°. The area of 
the FC 6 H,iCOCH 3 peak is not less than 99% of the to tal 
peak area, 

Refractive Index (831): 1.510 at 20°. 

Formaldehyde Solution, HCHO—(30.03) and water—Use 
ACS reagent grade. 

Formamide, HCONH 2 —45*04 [75-12-7]—Use ACS rea¬ 

gent grade. 

Preparation for D!GiTOX!N Assay: To ensure freedom 
from ammonia, treat Formamide as follows, Shake a suita¬ 
ble guanttty of formamide with about 1 0 % of its weight of 
anhydrous potassśum carbonate for 15 minutes, and filter. 
Distill the filtrate In an all-glass apparatus under vacuum at 
a pressure of about 25 mm of mercury or less. Reject the 
first portion of distillate eon tai ni ng water, and coliect the 
fraction that borls at about 115 Q at a pressure of 25 mm of 
mercury or at 101 0 at a pressure of 12 mm of mercury. 
Storę in tight containers, protected from HghL 

Formamide, Anhydrous, HCOINIH?—45*04 [75-12-7]— 
Use formamide that has a water content of less than 0 . 1 %. 

Formie Acid, HCOOH—46.03 [64-1 8 - 6 ]—Use ACS rea¬ 

gent grade Formie Add, 88 Percent. 

Formie Acid, 96 Percent, HCOOH—46*03 [64-18-6]— 

Use ACS reagent grade Formie Acid, 96 Percent. 

Formie Add, 98 Percent, HCOOH—46.03 [64-18-6]— 

Use a suitable grade with a content of NLT 98%* 

Formie Add, Anhydrous—Use ACS reagent grade Formie 
Acid, 96 Percent. 

Fuchsin, Basic (Basic Red 9, Porafuchsin Hydrochhride), 
C 19 Hi 7 Nj. HG—323.82 [569-61-9]—Use a suitable grade. 

Fu ller's Earth, Chro mato grap hic— (Very Fine and Moderately 
Coarse) —Cray or graylsh-whlte powder or granules consist- 
ing marnly or hydrous alumlnum-magnesium sificate. 
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POWDer Fineness: see Powder Fineness (811). 

SOLUble Matter: Twenty g, treated with 50 mL of cold 
water and fiłtered, yields not morę than 60 mg of residue 
upon evaporation of the fil tratę (0.3%). A second 20-g 
portion, treated with 50 mL of cold altohol and fiłtered, 
yields not morę than 14 mg opon evaporation of the fil- 
trate (0*07%). 

Loss on Drying (731): Dry it at 105° for 6 hours: It loses 
between 7 , 0 % and 10 , 0 % of its weicjht. 

[Notę —Adjust the water eon tent, tf necessary, by drying 
in vacuum at room temperaturę, restoring the water re- 
guired, and equilibrating by shaking for 2 hours.] 

Fuming Nitric Add—See Nitric Acid, Fuming. 

Fum Ing Sulfurtc Acid—-See Sulfurk Acid t Fuming. 

Fur fu rai (2-Furancarboxya Ideh yde; 2-Furaldehyde), 
GHjOCHO—96.08 [98-01-1]—Use ACS reagent grade, 

G Designations—See phases for gas chromatography under 
Reagenty C bromatogrophic Columns. 

Gadolinlum (Gd III) Acetale Hydrate, (CHsCO?)jGd - 
xH 2 0—33438 [100587-93-7]—White, crystalline, hygro- 

scopic powder. Irritant, Use a suitable grade. 

Cadolmium Sulfate, Gdi(S0 4 )j 8 H 2 O—746.83 
113628-54-1]—Use a suitable grade with a content of NLT 
99 , 9 %. [Ngte—A suitable grade is available as catalog 
number 41111 from www.gfschemicals.com.] 

G en et 1 cl n (G418; O *2-Amino-2,7-dideoxy-D-giycero-alpha - D- 
gfucoh eptopyranos yl-(l -4 )-0-(3-deoxv- 4 -C-methyl - 3 - (methyb 
aminoybeta-i-arabinopyranosyl-fl-ój-D-streptamine), 
CaoH<oNj|Oiv—496.55 [49863-47-0]—Use a suitable grade, 

celf culture tested. 

Girard Reagent T—See Trimethylocethydrazide Ammonium 
Chloride. 

Gitoxin, G,H w O t 4 —780,94 [4562-36-1 ]—White, aystaU 

linę powder. Practically insoluble in water, in chloroform, 
and in ether; slighlly soluble in pyridine and in diluted aloo- 
hol, Meits at about 250°, with decomposition, 

Specific Rotation (781): between +3.8° and +4. 8 % deter- 
mined in a solution of pyridine containing 10 mg per mL, 
with the use of a mercury light at 546.1 nm; between 
+21° and +25°, determined in a solution of equal parts of 
chloroform and methanol containing 5 mg per mL, with 
the use of sodium light. 

Suitabi Lmf: Dissolve 10 mg each of USP Digitoxin RS, pre- 
vious!y dried, USP Digoxin RS, previously dried, and 
gitoxin, respectively, in separate 5-mL portions of a mix- 
ture of 2 parts of chloroform and 1 part of methanol, and 
dilute each with additiona! solvent mixture to 10 mL. Then 
roceed as directed in the Identification test under Digoxin. 
he chromatogram of gitoxin shows one fluorescent spot, 
Jocated between the digoxin and digitoxin spots. 

Glaciat Acetic Acid—See Acetic Acid, Glacial. 

Glass Wool—Fine threads of glass. 

Acid-Soluble Substances: Boil 1 g for 30 minutes with 
30 ml of diluted hydrochloric acid, and fil ter, Evaporate 
the filtrate, and dry the residue at 105° to constant 
weight: the residue weighs not morę than 5 mg (0.5%). 
Heavy Metals: Boil 2 g with a mixture of 25 mL each of 
diluted nitric acid and water for 5 minutes, and filter. Evap- 
orate one-half of the filtrate to dryness, dissolve the resi¬ 
due in 10 mL of water to which 3 drops of hydrochloric 
acid have been added, filter if necessary, and add an equal 
yolume of hydrogen sulfide TS to the filtrate: no darkemng 
Is produced. 


o-Gluconic Acid, 50 Percent in Water, GH 12 O 7 —196,16 
[526-95-4]—Pale yellow liguid, 

Assay: Dilute about 200 mg of the solution, accurately 
weighed, with 30 mL of water. Ti tratę with 0.1 N sodium 
hydroxide VS, determining the endpoint potentiometri- 
cally. Perform a blank determination and make any neces¬ 
sary correclion. Each mL of 0.1 N sodium hydroxide is 
equivalent to 19.62 mg of GH 12 O 7 . Not less than 49.0% is 
found. 

R£FRACTIVE lNPEX (831): between 1.4160 and 1.4180 at 
20°. 

Specific Rotation (781): between +9.9° and +11.9% de¬ 
termined as is, at 20°. 

Glucose, GHuOfi—180.2 [50-99-7 ]—Use a suitable 

grade. A white, erystailine powder. Freely soluble in water; 
sparingly soluble in alcohol. 

D-Glucuronolactone, GH a Q*—176.12 [32449-92-6]— 

Use a suitable grade. 

Glutamic Acid, GH*N0 4 —147.13 [56-86-0]—Use a suit¬ 

able grade. 

L-Clutamic Add, GH 9 NO. t —147.1 [56-86-0]—White 
powder or white powder with a faint yellow cast. Use a 
suitable grade. 

L-Ciutamine, CsHwNzOs—146.15 [5ó-S5-9]—White, 

erystailine powder, Use a suitable grade. 

Giycerin (Giycerol) [56-81-5]—Use ACS reagent grade Glyc- 
erol. 

Glycoik Add, GhhOj—76.05 [79-14-1]—White crystal- 

line powder or chunks. 

Assay 

Siiylating reagent: Pyridine, hexamethyldisi!azane, 
chlorotrimethylsilane (9:3:1) 

Sample preparation: Weigh approximate!y 25 mq 
(about 3 drops) of the sample rnto a test tubę. Add 2 mL 
of the Siiylating reagent and cap the test tubę. Mix weli 
and allow to ineubate at room temperaturę for a mini¬ 
mum of 2 h. A white precipitate of ammonium chloride 
will form, Centrifuge and use the elear supernatant for 
injection. 

Procedurę: Inject an appropriate vo!ume of the Sample 
preparation into a gas cnromatograph (see Chromotogra- 
phy (621)) equipped with a flame-ioni 2 ation detector, he¬ 
lium being used as the carrier gas. The following condi- 
tions have been found suitable: a 0.25-mm x 30-m 
caplllary column coated with a 1 -pm layer of phase G 2 . 
The injection port temperaturo is maintained at 25G ń ; the 
detector temperaturo is maintained at 300°; the column 
temperaturo is maintained at 100 ° and programmed to 
rise 10 u per min to 250°. The area of the peak corre* 
sponding to GFbOj is NLT 98.5% of the total peak area. 

Gold Chloride (Chtoraunc Aad) f HAuCU * 3H 2 0—393.83 
[16903-35-8]—Use ACS reagent grade. 

Guaiacol (o-Methoxyphenol) f C 7 HnQ? —124.14 
[95-05-1 ]—Colorless lo yellowish, refractive Iiquid. Soluble 
in about 65 parts of water; soluble in sodium hydroxide so¬ 
lution; misciole with alcohol, with chloroform, with ether, 
and with glacial acetic acid. 

Assay: When examined by gas-liquid chromatography, it 
shows a purity of not less than 98%. The following condi- 
tions have been found suitable for assaying it: a 3 -mm x 
1.8-m starnless Steel column containing liquld phase G16 
on 60- to 80-mesh support 51 A, Helium is the carrier gas, 
the injection port temperaturę is maintained at 180°, fne 
column temperaturę is maintained at 200 % and the flame- 
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ionrzation detector is maintained at 280°. The retention 
time is about 8 minutes* 

Refractive Index (831); between 1.5430 and 1.5450, at 
20 °. 

Guanidme Hydrochloride, (Aminoformamidine Hydrochio - 
ride; Aminomethanamidine Hydrochloride), CH 5 N 3 ■ HCI — 
95*53 [50-01-1]—White, crystalline powder* Freely so tu¬ 

bie in water and ]n aicohof* Use a suitable grade wiLh a 
content not less than 99%. 

Guanidme fsothiocyanate, QH<>N*,S—118.2 
[593-84-0]—White powder or colorless crystals* Use a suita¬ 
ble grade. 

Guanine Hydrochloride, C 5 H s N s O ■ HCI * H*0—205.60 
[635-39-2]—White, crystalline powder. Melts above 250°, 
with decomposition. Slightly soluble in water and In alcohol; 
soluble in addulated water and In sodium hydroxlde TS. Its 
Solutions are not predpitated by iodine TS or by 
mercuric-potassium iodlde TS, but form a predpitate with 
trinitrophenol TS. 

Residue on Ignition (Reagent test); negligible, from 
100 mg* 

LOSS ON Drying (731); Dry it at 105° to constant weight: 
it loses not morę than 10 . 0 % of its weight* 

Hematein, CisHizOć— 300*26 [475-25-2]—Prepared from 

logwood extract or from hematoxylin by treatment wrth 
ammonia and exposure to air. Reddish-brown crystals with a 
yellowlsh-green metalik luster, Very slightly soluble in water 
(about 1 in 1700); slightly soluble in afcohol and in ether; 
insoluble in benzene and in chloroform; freely soluble in di- 
luted ammonia solution to form a solution of dusky pun 
plish-red color and in an aqueous solution of sodium hy- 
droxide (1 in 50), to form a solution of bright red color, 
yiewed in each case thraugh a layer 1 cm in depth. Melts at 
a temperaturo above 200 c and tends to decompose at 250°. 

Hematoxylin (Hydroxybrasilin), CtńHuOń * 3H 2 Q—35632 
[517-28-2]—A crystalline substance derived from the heart- 
wood of Haematoxyfon campechianum Linne (Fam. Leg u mi- 
nosae), Colorless to yellow prisms. Very slightly soluble in 
cold water and in ether; rapidly soluble in hot water and in 
hot alcohol. When exposecl to light, it atquires a red color 
and yields a yellow solution. Dlssolves in ammonia TS and in 
Solutions of alkali hydroxides and carbonates. When dis- 
solved in Solutions of the foliowing salts, it deve!ops the 
colors indkated: in alum solution, a red color; in stannous 
chloride solution, a rosę color; and in Solutions of cupric 
salts, a greenish-gray color. It gradually turns black in potas- 
sium dichromate solution. Storę hematoxylin and its Solu¬ 
tions protected from light and air* 

Hemoglobin, Bovine [9008-02-0]—Use a suitable grade, 
[Notę—A suitable grade is avai!abfe as Bovine Hemoglobin 
substrate powder from Sigma-Aldrich, www*sigma-aldrkh t 
com.] 

1-Heptadecanol, Ci?H 3*0—256*48 [1454-85-9]—Use a 

suitable grade* 

Heptafluorobutyric Add, C 4 F 7 O 2 H—214.04 
[375-22-4]—Use a suitable grade. 

Heptakis-(2,6-di-0-methyl)-)5-cycIodextnn (2,6-Di-O- 
methyt-p-cydodextrin; Dimethyl-p-cyciodextrin) t CsóHsbOis— 
1331*36 [51166-71-3]—Use a suitable grade, 

n-Heptane—Use n-Heptane, Chromatographk, 

n-Heptane, Chromatographic, C?Hi ń —100.21 
[142-82-5]—Clear, colorless, volatlle, flammable Hquid con- 
sistfng essentially of GHi*. Practicalfy insoluble in water; sol¬ 


uble in absolute alcohol* Misdbfe with ether, with chloro¬ 
form, with benzene, and with most fixed and volatile oils* 
Use a suitable grade, chromatographic or HPLC, with a com 
tent of not less than 99%. 

Heptyl p-Hydroxyben 2 oate (Heptyl 4-Hydroxybenzoate; N- 
HepLyl 4 - Hydroxyb en zoo te; Benzole Add, 4-Hyaroxy~, Heptyl 
Esterl CmH, d G 3 —236.31 [1085-12-7]—Use a suitable 

grade with a content of NIT 98%, 

Hexadecyl Hexadecanoate (Hexadecyl Palmitate; Cetyl Pal¬ 
mitate), Ć^H^Cb—480*85 [540-10-3]—Use a suitable 

grade* 

[NOTĘ—Suitable grades are available commercialiy as 
Hexadecyl Palmitate and Palmkrc Add Palmityl Ester from 
Sigma-Afdnch, vyww.sigma-aldrich.com, and Cetyl Palmi¬ 
tate, Catalog number Cl 203, from Spectrum Chemical Mfg 
Corp,, www.spectrumchemical.com*] 

Hexadecyltrirnethyfamrnonkirn Bromide; see Cetyl- 
trim eth ylammoniu m Bro mide. 

Hexadimethrine Bromide, (CuHioBr^NzJn [28728-55-4]— 
White to off-white powder, hygroscopic, amorphous poly- 
mer. Soluble in water up to 10% to give a colorless to light 
yeflow solution. Use a suitable grade. 

HexamethykJisilazane, OH t ,NSh—161*39 [999-97-3]— 

Clear, colorless liquid. 

Assay: When examined by gas~liquid chroma tography, it 
shows a purity of not less than 95%. The following condi- 
tions have been found suitable for assaying the artrele: A 
2-mm x 1*8-m gfass column packed with phase G3 on 
support SI. Helium, flowing at a ratę of about 40 ml per 
minutę, is the carrier gas; tne detector temperaturę is 
about 310°; the injection port temperaturę is about 100°; 
and the column temperaturę is próg ram med to start at 
35°, hołd for 5 minutes, then rise at a ratę of 8° per min¬ 
utę to 200°. A flame-fonization detector is employed* 
Residue After Evaporation; Transfer 200 g to a tared 
dish, and evaporate on a steam bath to dryness. Dry the 
residue at 105° for 1 hour, eooi, and weigh: not morę 
than 0.0025% of residue is found. 

Hexamethyleneimine (Homopiperidine), C 6 Hi 2 NH—99*17 
[111 -49-9]—Colorless to nearly colorless liquld. 

Refractive ind£x (831); between 1.4640 and 1.4660 ai 
20 °* 

Hexamethylenetetramlne—See Methenamine. 

n-Hexane, C^Hu—86*18 [110-54-3](for use in spectro* 

photometry)—Use Hexanes * 

Hexane, 5olvent (Petroleum Benzin; Petroleum Ether , Ugroin) 
[8032-32-4]—Clear, volatile liauid. Practicalfy insoluble in 
water; soluble in absolute alcohol. Misdble with ether, with 
chloroform, with benzene, and with most fixed and yolatile 
olls, 

[Caution: It is dangerously flammable* Keep it away 
from flames, and storę in tight containers in a cool place.] 
Use ACS reagent grade Petroleum Ether. 

Hexane, 5olvent, Chromatographk: Use ACS HPLC rea* 
gent grade* 

Hexanes (suitable for use in UV spectrophotometry); usuatly 
a mixture of several isomers of hexane predomi- 

nantly n-hexane, and methylcyclopentane {QHi 2 )—Use ACS 
spectrophotometric reagent grade. 

Hexanitrodiphenylaminę (Dipicryiamine), Ct>HsN/Oi?— 
439*21 [131 -73-7]—Yellow-aofd powder or prisms* Explo~ 

sive * Usually contains about 15% of water as a safety pre- 
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caution. tnsoluble in water, in alcohol, in acetone, and in 
ether; solubie in glacial acetic add and in alkalies. 

Water DlTERMłNATiON, Method i (921): not morę than 
16%, 

Hexanophenone, CnH,*0—T76.25 [942-92-7]—Yelfow 

liąuid. 

AssaY: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (62 1)) eguipped with 
a flame-ionization detector, helium oeing used as the car- 
rier gas, The folfowing conditrons have been found suita¬ 
ble: a 0,25-mm x 30-m capiflary column coated with a 
l-pm layer of phase G3; the tnjeclion port temperaturę is 
maintained at 280°; the detector temperaturę is main- 
tained at 300°; the column temperaturę is maintained at 
180° and programmed to rise 10° per minutę to 280°, The 
area of the C^HuO peak is not less than 98% of the tota! 
peak area. 

Refraowe Index (831): 1,511 ± 0.002 at 20°, 

Hexylaminę (hAmmohexarte), C 6 Hi S M— 101,19 

[111-26-2]—Use a suitable grade with a content of not less 

than 99%, 

Histaminę Dihydrochloride, CsHsfsh * 2HO—184,07—Use 
USP Histaminę Dihydrochloride RS. 

1-Histidine Hydrach loride Mon ohyd ratę, QH^N 3 0 2 - HCI * 
H 2 Q—209,63 [5934-29-2]—Use a suitable grade. 

Horseradish Peroxrdase Conjugated to Goat Anti-Mouse 
IgG: Affrnity purified polyclonal antibody to Mouse Im- 
mune globulin (IgG) heavy and light chains (whole fgG) 
produced in Goat and labeled wtth horseradish peroxidase. 
Available either as a lyophiiized powder or as a solution in a 
suitable buffer, generally 10 mM sodium phosphate, pH 7,4, 
containing a suitable preservative, such as 0.01% thimero- 
sal, and an inactive protein(s) to prevent adsorption on the 
surface of the Container. Use a suitable grade. Storę at -20°, 

Hydrazine Dihydrochloride, (NH 2 ) 2 * 2HCI—104,97 
[5341-61-7]—White powder 
ASSAY: Dissolve about 34 mg, accurately weighed, in 
50 mL of water. Add carefully while stirnng, 1 g of sodium 
bicarbonate. [Caution: There may be a rapid evolution of 
carbon dioxide,] Titrate with 0.1 N iodine solution, deter- 
mining the endpoint potenUometrically, Perform a blank 
determination, and make any necessary corrections, Each 
mL of 0.1 N iodine solution is equrvalent to 2.63 mg of 
(NH 2 )a * 2BCI. Not less than 98% is found. 

Hydrazine Hydrate, 85% in Water, (NH 2)2 ■ H 2 O—50.06 
[7803-57-8]—Colorless liquid. 

AssaY: Transfer 600 mg, accurately weighed, to a 100-mL 
yolumetric fiask. Dilute with water to vo!ume, and rnix. 

Pipet 10 mL into a suitable beaker, and add 1.0 g of so¬ 
dium bicarbonate and 50,0 mL of 0,1 N iodine VS. Titrate 
the excess iodine with 0.1 N sodium thiosulfate V5, using 
starch TS as the indicator. Perform a blank determination, 
and make any necessary correctron. Each mL of 0.1 N io¬ 
dine is equivaient to 1,252 mg of (NH 2 ) Z - H z O. Not less 
than 83% is found. 

Hydrazine Suifate, (NH 2)2 ■ H 2 S0 4 —130,12 
[10034-93-2]—Use ACS reagent grade. [Caution; Great 
care should be taken in handling hydrazine suifate because 
it is a suspected carcinogenj 

Hydrindantin (2 t Z - Dihydmxy-2,2 f -biindan - 7, V,3,3'~ fet- 
rone), CiaHioOń—322.27 [5103-42-4]—Sparingly solubie 

in hot water; solubie In methoxyethanol. When heated 
above 200°, it becomes reddish brown. 


Melting Rangę (741): between 24 9 Q and 254°, 

Hydriodk Acid, HI—127.91 [10034-85-2]—Use ACS re¬ 

agent grade (containing not less than 47,0% of HI). 

[Notę—F or methoxy determination (see Methoxy Determi¬ 
nation (431)), use hydriodic add ACS reagent grade 55%, 
Use this grade also for alkoxyl determinations in assays in 
the individual monographs.J 

Hydrobromic Acid, HBr—80,91 [10035-10-6]—Use ACS 

reagent grade. 

Hydrochloric Acid, HCI—36.46 [7647-01 -OJ—Use ACS 

reagent grade. 

Hydrochloric Acid, Diluted (lOpercent) [7647-01-0]—Pre- 
pare by mixing 226 mL of hydrochloric acid with sufficient 
water to make 1000 ml, 

Hydrocodone Diol, C 1B H 2 iN0 4 —317,4— Use a suitable 
rade. [Notę—A suitable grade is available as catalog num¬ 
er 1584 from www.mallinckrodt.com.] 

Hydrofluoric Acid, HF—20.01 [7664-39-3]—Use ACS re¬ 

agent grade. 

Hydrogen Peroxide, H 2 O 2 —34.01 [7722-84-1]—Use 

ACS reagent grade with an assay content between 29.0% 
and 32.0%. 

Hydrogen Peroxide, 10 Percent, H 2 0 2 —34,01—Dilute 
30 mL of 30 percent hydrogen peroxide with water to 
100 mL. 

Hydrogen Peroxide, 30 Percent, Unstabilized H 2 0 2 — 
34.01 [7722-84-1]—Use ACS reagent grade, with an assay 

content between 29.0% and 32.0%, without an added sta- 
bi lizen 

Hydrogen Peroxide, 50 Percent in Water, H 2 O 2 —34.01 
[7722-84-1]—Use a suitable grade. 

Hydrogen Peroxide Solution—Use Hydrogen Peroxide Topi- 
cal Solution (USP monograph). 

Hydrogen Sulfide, H 2 S—34.08 [7783-06-4]—Colorless, 

poisonous gas, heavier than air. Solubie in water, Is gener- 
ated by treating ferrous sulfide with diluted suifuric or di¬ 
luted hydrochloric acid. Other sulfides yielding hydrogen 
sulfide with diluted acids may be used. h also avaiiable in 
compressed form in cylinders. 

Hydrogen Sulfide Detector Tubę: A fuse-sealed glass tubę 
so designed that gas may be passed through it and contain¬ 
ing suitable absorbing filters and support media for the indi¬ 
cator, the latter consisting of a suitable lead salt. 

Measuring Rangę: 1 to 20 ppm. 

[NOTĘ—Avaifable from Draeger Safety, Inc., www. 
draeger.com, or from Gastec Corp., www.qastec.co.jp, dis- 
tributed in the USA by www.nextteq.com.] 

Hydroguinone, C^H^OHJa—110.11 [123-31 -9]—Fine, 

colorless or white, needle crystals. Darkens on exposure to 
air and iight. Solubie in water, in alcohol, and in ether. 

Assay: Accurately weigh about 250 mg, and dissolve in a 
mixture of 100 mL of water and 10 mL of 0.1 N suifuric 
acid in a 250-mL conical fiask. Add 3 drops of a 1 in 100 
solution of diphenylamine in suifuric acid, and titrate with 
0.1 N cerrc suifate V5 until the solution is red-violet in 
color. Each mL of 0.1 N ceric suifate is equivalent to 
5,506 mg of CńH.t(QH) 2 * Not less than 99% is found. 
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Melteng Rangę <741 >: between 1 7 2° and 1 74°. 

4-Hydroxy-2-butanone (2-Hydroxyethyl Methyf Ketone), 
CąHbOz —88.11 [590-90-9]—Use a suitable grade with a 

eon tent of NLT 94%. 

4-Hydroxy-4-pheny 1 piperidrne (4 - Phenyi-4-piperidirtol), 

Ci ,Hi 5 NO—177.24 [40807-61 -2]—Use a suitable grade 

with a eontent of NLT 99%. 

Hydroxy Naphthol Blue (1-(2-Naphthoiazo-3,6-disulfonic 
4 dd)-2-noph thol-4-sulfonie Add, Disodium Salt), 

C 20 HuN 2 On S 3 N 32 —598*50 [1 65660-27-5]—Deposited on 

crystals of sodium chloride in the concentratEon of about 
1%. Use ACS reagent grade. 

3'-Hydr0xyacetophenone, C a H*0?—136.15 
[121-71-1]—Light brown powder chips and chunks. Melts 
at about 96°. Sparingly soluble in chloroform, yielding a 
elear, light yellow solutlon. 

ASSAY: Inject an appropriate spęd men into a suita ble gas 
chromatograph (see Chromatography (621)) eguipped with 
a flaroe-ionization detector, helium being used as the car- 
rier gas. The following conditions have been found suita¬ 
ble: a 0,25-mm x 30-m capillary column coated with Gl; 
the detector and the injection port temperatures are main- 
tained at 3G0 Q ; the column temperaturo is maintained at 
180° and programmed to rise 10° per minutę to 280° and 
held at that temperaturę for 10 minutes. The area of the 
main peak is not less than 97% of the total peak area, 

4'-Hyd roxyacetophenone, HOCdH 4 COCH 3 .—136.15 
[99-93-4]—Cray powder, melting at about 109°. 

p-Hydroxybenzoic Acid, C 7 H 6 G 3 —138.12 [99-96-7]— 

White crystals. 

Assay: Transfer about 700 mg, accurately weighed, to a 
suitable Container, and dissoke in 50 mL of acetone. Add 
100 ml of water, mix, and titrate with 0.5 N sodium hy- 
droxide VS, determining the endpoint potentiometncally. 
Perform a blank determination, and make any necessary 
correction. Each mL of 0.5 N sodium hydroxide is eq u wa¬ 
leń t to 69.06 mg of CrHaOy* not less than 97% Es found. 
Melting Rangę (741): over a rangę of 2 D that inctudes 
216 °. 

4-Hydroxybenzoic Acid fsopropyl Ester, 

HOC fi H 4 COOCH(CH 2 ) 2 —180,18 [4191-73-5]—Use a suit¬ 

able grade. 

[Notę—A suitable grade is available from TG America, 
www.tciamerica.com.] 

Melting Rance (741): between 84 D and 87°. 

2-Hydroxybenzyl Alcohol, GHsOa—124.14 [90-01-7]— 
Off-white flakes. Very soluble in alcohol, in chloroform, and 
in ether; soluble in 15 parts water and in benzene. 

Assay: Inject an appropriate specimen into a gas chro¬ 
matograph (see Chromatography (621)), eguipped with a 
flame-ionlzation detector, helium being used as the carrier 
gas. The following conditions have been found suitable: a 
0.25-mm x 30-m capillary column coated with a i-]jm 
fayer of phase G2; tne injection port temperaturę is main¬ 
tained at 250°; the detector temperaturę is maintained at 
300°; and the column temperaturę is maintained at 150° 
and programmed to rise 1 0° per minutę to 280°. The area 
of the GHeCb peak is not less than 99% of the total peak 
area. 

Melting Rance (741): between 83° and 85°. 

4-Hydroxybutane-1-sulfonic Add (4-Hydmxy- 
1 -butanesuifonic Add), C+HtcAiS— 154.19 [26978-64-3]— 
Use a suitable grade with a eontent of NLT 95%. [Nqte —A 
suitable grade is avaifable as catalog number RM-967-C50 
from www.anaxlab.com.] 


N-{2-Hydroxyethy l) p i perazine-N - (2-ethanesulfonic acid), 
QH łB N 2 0 4 S—238.3 [7365-45-9]—Use a suitable grade. 

HydroxyIamine Hydrochloride, NH 2 OH * HCI—69,49 
[5470-11 -1 ]—Use ACS reagent grade. 

10/3-Hydroxynorandrostenedione (10fl-Hydmxy- 19-noran- 
drost-4-ene-3J 7-dhne), CieH 24 0 3 —288.38—Use a suitable 
grade, 

4-(4-Hydroxy p he ny l)-2-butanone, C (Q H 1202 —! 64,20 
[5471-51-2]—White powder. 

Assay: Inject an appropriate volume into a gas chromato¬ 
graph (see Chromatography (621)) eguipped with a ffame- 
ionization detector, helium being used as the carrier gas. 
The followlng conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1 -pm layer of 
phase G43; the injection port temperaturę is maintained at 
280°; the detector temperaturę is maintained at 300°; the 
column temperaturę is maintained at 180 c and pro¬ 
grammed to rise 10 c per minutę to 280°, The area of the 
CjoHisO? peak is not less than 98,5% of the total peak 
area. 

Melting Rangę (741): between 81° and 87°. 

3-Hydroxyphenyldimethylethyl Ammonium Chloride 

[ D i me th y fet hy l(3 - hydroxyph en yf)ammonium Chloride ]—U se 
Edrophonium Chloride. 

D-ct-4-Hydroxy p heny Ig lycine, C a H 9 N0 3 —167,16 
[22818-40-2]—Shiny leaflets. Sparingly soluble in water, in 
alcohol, in acetone, in ether, in chloroform, in ethyl acetate, 
in benzene, and in glacial acetic acid; soluble in alkalies and 
in minerał acids; freely soluble in warm 20 % v/v hydrochlo- 
nc acid. 

Melting Rangę (741): between 220° and 247°, with de- 
composltion. 

2^(4-Hydroxyphenyl)-5-(4-methyl-1-piperazinyl)’‘2,5'-bi- 
1 H-benzimidazole Trihydrochloride Pentahydrate— 
623,97 [23491-44-3]—Dark yellow to tan powder with a 

green cast. Use a suitable grade. 

Hydroxypropyl-/j-cydodextrin ( Hydroxypropylbetadex) / 

C 42 H 3 s(C 3 HóO)* with x - 7 molar substitution 
[94035-02-6]—Use a suitable grade with a substitution de- 
gree between 0.40 and 1,50, 


Add the following: 

*Hydroxypropyl Cełlulose—Averaqe molecular wefght ap- 
proximately 100,000 [9004-64-2] 

ViscosiTY: Dissolve 5,0 g of Hydroxypropyl Cellulose with 
95,0 ml of water by stirring, If necessary, centrifuge the 
solution to expel any entrapped air bubbles. Determine 
the viscosity of the solution as directed in Viscosity—Roto- 
tional Methods (912) at 25 ± 0,r. The viscosity is between 
75 and 150 centipofses.AL/spjo 

8-Hydroxyquinotine (Oxine), C9H7NO —145.16 
[148-24-3]—Use ACS reagent grade 8-Quinolinoi, 

Hypophosphorous Acid, 50 Percent (Hypophosphorous 
Add), HPH 2 O 2 — 66,00 [6303-21-5]—A colorless to faintiy 

yellow liguid, Misdble with water and with alcohol, 

Assay: Accurately weigh about 4 mL, dilute with 25 mL 
of water, add methyl red TS, and titrate with 1 N sodium 
hydroxide VS: each mL of 1 N sodium hydroxide is equlva- 
lent to 66.00 mg of HPH z 0 2 . Not less than 48% is found. 
Chloride: Add 0.2 mL to a mixture of 10 mL of silver ni- 
trate TS and 5 mL of nitric add, and heat until brown 
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fumes are no loncjer evolved: any white, rnsoluble residue 
remaining is negligible, 

Phosphate: Dii u te 1 mL with water to 50 mL, render al ka¬ 
linę wllh ammonia TS, filter if a precipitate is formed, and 
add to the filtrate 5 mL of magnesia mbtture TSr not morę 
than a slight precipitate is formed within 5 minutes. 
Sulfate (Reagent test, Method /): Dilute 1 mL with water 
to 50 mL: 20 mL of the solution shows not morę than 
0.2 mg of S0 4 * 

Hy poxanthine, C 3 H 4 N 4 0—136,11 [68-94-0]—White to 
yeliowish-white powder, Soluble in 1 N sadium hydrGxfde. 
Use a suitable grade. 

IgG-Coated Red Cells: Red cells coated with human im- 
munoglobulm (IgG). The reagent must be obtained from 
manufacturers or suppliers licensed by the Center for Bio- 
logics Evaluation and Research, Food and Drug Administra- 
Lion, The use of reagents from an unłicensed manufacturer 
or supplier may invalidate the results. 

[Notę—T here are many manufacturers and suppfiers of 
these reagents that are licensed by the Center for Biologics 
Evaluation and Research, Food and Drug Administration, 
Some examples of licensed manufacturers or suppfiers are 
the following: Gamma Biologics, Houston, TX; and Grtho 
Diagnosto, Raritan, NJ.] 

fmfdazoJe, C 3 H 4 N 2 —68.08 [288-32-4]—White to light 

yellow crystals. Freely soluble in water* Use ACS reagent 
grade, 

Iminodiacetic Add, C 4 H 7 N(V—133.10 [142-73-4]—Use a 

suitable grade with a content of NLT 98,0%, 

Indene, CgHa—116.16 [95-13-6]—Colorless liąukL 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) eguipped with 
a ffame-ionization detector, helium being used as the car- 
rier gas. The following conditions have been found suita¬ 
ble: a 0.25-mm x 10-m capillary column coated with a 
1 -um layer of methyfsiltcone; the injection port tempera¬ 
turę is maintained at 200 q ; the detector temperaturę is 
maintained at 3QQ Ó ; the column temperaturę is maintained 
at 100° and programmed to rise 10° per minutę to 250 q . 
The area of tne indene peak is not less than 99% of the 
totai peak area. 

Refrachve Index (831): between 1.5749 and 1*5769 at 
20 °* 

Indicators—See separate subsection. 

(ndigo Carmine—Use tndigotindisulfonate Sodium (USP mon- 
ograph). 

Indole (2,3-BenzopyrroleX CsHzN—117.14 [120-72-9]— 

Use a suitable grade, 

IndoIe-3-carboxyllc Add, C?H7NCV—161.2 
[771 -50-6]—Use a suitable grade. 

Inosine, CioH^O*—268*23 [58-63*9]—White, crystal- 

line powder. 

Melting Point (741); about 90°. 

Inosito! (HexahydroxycyclohexaneX C 6 Hti(OH) ć —180*16 
[87-89-8]—Fine, white crystals or a white, crystalline pow¬ 
der; stable in air. Its Solutions are neutral to fitmus. Optically 
inactive. One g dissolves in 5.7 mL of water* Slightly soluble 
in alcohol; insoluble in ether and in chloroform. Storę in 
welbclosed containers. 

Melting Rance (747): between 223° and 226°. 

Loss ON Drying (731): Dry it at 1 05° for 4 hours: it loses 
not morę than 0.5% of its weight. 


Residue on Ignition (Reagent test): not morę than 0*1%. 

lobenguane Sulfate (m-lodobenzylguanidine Hemhułfate 
Solt), CaHiolNj- VaHiSC >4 —324.1—White powder. Freely sol* 
uble in methanol. 

Assay: When tested by thin-layer chromatography, with 
the use of plates coated with chromatographic silica gel 
mixture, a developing system consisting of a mixture of 
butyl alcohol, water, and acetic add (60:25:15), and ex* 
ammed under short-wavelength UV light, not morę than a 
single impurity spot of not morę than 0.5% is observed. 

lodic Acid, HIOj—175.91 [7782-68-5]—Use ACS reagent 

grade, 

iodine, 12—253.81 [7553-56-2]—Use ACS reagent grade* 

lodine Monobromide, IBr—206,81 [7789-33-5]—Black, 
gray, or blue-purple crystals, crystalline needles, or crystal* 
fine chunks. 

Assay: Place about 100 mL of acetic add in a 150-mL 
beaker. Separately dtssolve 2 g of potassium iodide in a 
minimum vo!ume of water, add tnis solution to the acetic 
add, and mix, Transfer about 200 mg of lodine 
Monobromide, aocurately weighed, to the beaker contain- 
ing the potassium iodide and acetic acid mixture, and stir 
to dissolve. Ti trale immediately with 0.1 N sodium thiosul- 
fate VS, delermining the endpoint potentiometricalJy (see 
Titrimetry (541)), Perform a blank determination, and make 
any necessary correction. Each mL of 0.1 N sodium thio- 
sulfate is equivalent to 20.681 mg of IBr. Not less than 
97.5% is found. 

lodine Monochloride, ICI—162.36 [7790-99-0]—Use 

ACS reagent grade. 

lodoethane, C 2 H 5 I—155.9 [75-03-6]—Use a suitable 

grade. 

p- f od o n i t ro t e trazo I i u m Vi o l et, (2-(4 - fodophenyl)- 3-(4-ni- 
trophenyl)-S-phenyltetrazolium chtoride) t CigHuClINsOi— 
505.70—Lignt yeliow powder* 

Assay: When tested by thin-layer chromatography, with 
the use of piates coated with cnromatographic silica gel 
mbcture and a developing system consisting of a mixtifre 
of a myl alcohol, formie acid, and water (8:1:1), sprayed 
with 0.1% sodium thiosulfate solution, and examined 
under short-wave!ength UV light, a single spot is exhfb- 
ited, with tracę impuiities. 

Melting Point (741); 240°, with decomposition. 

lon-Exchange Resin—An intimate mrxture of 4 parts of a 
strongly aciaic cation-exchanger in the hydrogen form (pra- 
duced by sulfonation of a styrene-divinyibenzene copolymer, 
representing 8 to 10% divinytbenzene) and 6 parts of a 
strongly basie ankm-exchanger in the hydroxy[ form (pro- 
ducea by amination with trimethylamine of a chlorometh- 
ylated styrene-divinylbenzene copolymer, representing 3 to 
5% divinylbenzene)* 

[Notę— A suitable resrn is "Amberlite MB-150/' available 
from Sigma-Aldrich, www.sigma-aldrrch.com*] 

Iron (Powder), Fe^55.85 [7439-89-6]—Use a suitable 

grade with a content of NLT 99*9%. 

Iron Wire, Fe—At. Wt* 55*847—Use a suitable grade. 

Isoamyl Afcohol—Use Amyf Alcohol, 

bobutyl Acetale, C*H H 0*—t 16.16 [110-19-0]—Clear, 

colorless liquid. Slightly soluble in water. Miscible with alco¬ 
hol. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) eguipped with 
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a flame-ionizatron detector, helium being used as the car- 
rier gas. The following conditions have been found suita¬ 
ble: a 0.25-mm x 30-m capillary column coated with G 2 . 
The injection port temperaturę is maintained at 130°; the 
column temperaturę is maintained at 30 u and pro- 
grammed to rise 10 ° per minutę to 180° and neld there 
for lOminutes. The detector temperaturę is maintained at 
300°. The area of the main peak is not less than 99% of 
the total peak area- 

SPECirtc Gravity (841); between 0,863 and 0.868, 
Refractive Index <837): between 1,3900 and 1.3920 at 
20 °. 

Isobutyi Akohol (2-Methyl-1-propanol), (CHj>CHCH>OH— 
74.12 [78-83-1J—Use ACS reagent grade. 

4-lsobutylacetophenone, C 12 H 10 O—176—Pale yellow liq- 
uid, Sofuble in chloroform, rn glycerols, in alcohols, in ether, 
and in fatty oils; insoluble in water. Use a suitable grade, 
[NOTĘ—A suitable grade is availab,le from TCI America, 
www. tdamerica.com .] 

AMsobutylpipendone, GFfoNO—155.24—Use a suitable 
grade, 

I s of I u p redo ne Aceta te (9-a-Fluoroprednisolone Acetale), 
C;3H;oFO6“420,47“Use Isoflupredone Acetate (USP mono- 
graph), 

Ldsoleudne (2S,3S)-2-Amino-3-methylpentonoic Acid f 
GHijNOi—-131.17 [73-32-5]—Use a suitable grade. 

[NOTĘ—A suitable grade is available as catalog number 
12752 from www.sigma-aldrich.com,] 

1 somaltotriose (a-D -GlucosylĄ 1 -6)-a-D-glucosyl-( 1 -6) -cc-d- g/u- 
cose), CifiH^Otć—504,4 [3371-50-4]—White lyophilbed 

powder. Use a suitable grade, 

2-lsoniazid (2-Pyridinecorbowlic add hydrazide; Picolinic add 
hydrazide; Ź-Pkoliny! hydrazide), GHrNjO—137,14 
[1452-63-7]—Use a suitable grade with a content of NLT 
98.0%, [Notę—A suitable grade Is available as catalog num- 
ber P0426 from www, tcichemicals.com.] 

IsonicoUnamide (Pyńdine-4-carboxylic Add Amidę), 
CfiHsNaO—122.12 [1453-82-3]—Use a suitable grade with 

a content of NLT 99%. 


Change to read: 

Isonicotink Add, C ć HsNO?—123.11 a [55-22-1]ae/jjjc— 

Use a suitable grade. 

Isonicotink Add Hydrazide—Use Isoniazid (USP mono- 
graph), 

Isooctane—See 2 f 2 f 4 ~ Trimethyipentane. 

Isopropyl Acetate, C&H 10 O 2 —102.13 [108-21 -4]—Use a 

suitable grade. 

Isopropyl Akohol (2-Propanol), (CHICHOH—60,10 
[67-63-0]—Use ACS reagent grade. 

[Notę—F or use in assays and tests involving UV spectro- 
photometry, use ACS reagent grade Isopropyl Alcohot Suita¬ 
ble for Use in UV Spectrophotometry,] 

Isopropyl Akohol, Dehydrated [67-63-0]—Use Isopropyl 
Akohol that previously nas been dried by being shaken with 
a suitable mofecufar sieve ca pa ble of adsorbing water, and 
filtered, 

Isopropyl Ether—See Diisopropyl Ether. 


Isopropyl lodide (2-lodopropane), 169.99 

[75-30-9]—Use a suitable grade. 

Isopropyl Myristate, CjjHhO*— 270.45 [110-27-0]—Use 

Isopropyl Myrlstate (NF monograph). For use as a solvent in 
sterility test procedures, Isopropyl Myristate conforms to the 
following additional specification: 
pH of Water Extract: Transfer 100 rnL to a 250-ml cen- 
trifuge bottle, add 10 mL of twice-distiiled water, dose the 
bottle with a suitable closure, and shake vigorously for 
60 mlnutes. Centrifuge the mixture at 1800 rpm for 
20 nnrnutes, aspirate the upper (isopropyl myristate) layer, 
and determine the pH of the residua I water layer- the pH 
is not less than 6.5, 

Isopropyl Myristate not conforming to the test for pH of 
Water Extract may be rendered suitable for use in sterility 
test procedures as follows: 

Using a 20-mm x 20-cm glass column, add activated 
alumina, and tamp down to a height of 15 cm. Pass 
500 mL of the isopropyl myristate through the column, us¬ 
ing a slight positive pressure to maintain an even flow, 
and use the eluate collected directly in the sterility test 
procedurę. 

Isopropyl Salicyfate, C 6 H.OHCOOCH(CH 3 ) 2 —180.20—Col- 
orless liguid. 

Assav: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) equipped with 
a flame-ionization detector, helium being used as the car- 
rier gas, The following conditions have been found suita¬ 
ble: a 2-mm x 1. 8 -m glass column packed with 7% phase 
G2 on support SI A; the injection port temperaturę is 
maintained at 250°; the detector temperaturę is main¬ 
tained at 310°; the column temperaturę is maintained at 
50° and programmed to rise 10° per minutę to 250°, The 
area of tne main peak is not less than 97% of the total 
peak area. 

I so p ro py I a m i n e (2-Aminopropane), C 1 H H 2 —5 9.11 
[75-31-0]—Clear, colorless, flammable liguid. Miscrble with 
water, with akohol, and with ether. 

AS5AV: Transfer about 0.2 g, aceurately weighed, to a 
suitable Container, add 50 mL of water, and mix. Tttrate 
with 0.1 N hydrochlonc add VS, using a mixture of 
bromocresol green IS and methyl redTS (5:1) as ind ka* 
tor. Each mL of 0.1 N hydrochlonc add is equivalent to 
59.11 mg of GH« f N. Not less than 98% is found. 

Boi LING Rance (Reagent test): Not less than 95% distills 
between 31° and 33 p . 

Refractive Index (831): between 1,3743 and 1,3753, at 

20 °, 

Isorhamnetin, Ci 6 Hi*Ot— 316.27 [418-19-3]—Yellow 

powder, 

Melting Point (741): greater than 300°, 

Isovaleric Acid (3-Methylbutanoic Add, lsovalertanic Add\ 
hopropylacetic Add), C 5 H 10 O 2 —102.13 [503-74-2]—Use a 

suitable grade. 

Kaem pfe roi, GsHmO*—286.24 [520-18-3]—Light yel¬ 

low to yellow powder. It is a elear, bright yellow solution in 
akohol, 

Kerosene [8008-20-6]—A mixture of hydrocarbons, chiefly 
of the methane series. A elear, colorless liquid. Specifk grav- 
ity: about 0.80, Distills between 180° and 300°. 

L Designations—See packings for high-pressure liguid chro¬ 
matography under Reagents, Chromotogrophic Columns, 

/J-Lactoqlobufin [9045-23-2]—Use ^-Lactoglobulin from bo- 
vine milK with a content of NLT 90% (by polyacrylamide 
electrophoresis). 
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/Mactagiobulin A— 18,363 Da by cafculation 

[50863-92-8]—Use a suitabfe grade from bovine mifk with a 
eon tent of NLT 90% (by dectrophoresis). 

Lactose, O 2 H 22 O 11 ■ H 2 Q—36031 [64-42-3]—Use ACS 

reagent grade, 

Alpha Lactose Monohydrate (a-D-Lactose Monohydmte), 
Ci 2 H 220 h ■ H 2 G—36031—White powder, The /j-D-lactose 
content is less than 3%. 

Assay: Inject an appropriate denvatized specEmen into a 
gas chromatograph (see Chromotogrophy (621)) equipped 
with a ffame-ionization detector, hetium being used as the 
carrier gas, The followtng conditions have been found suit- 
able: a 0,25-mm x 30-m capillary column coated with a 
1 -pm layer of phase G 2 ; the injectEon port temperaturę Es 
maintained at 250°; the detector temperaturę is main¬ 
tained at 280°; the column temperaturę is maintained at 
230° and programmed to rise 4° per minutę to 280°. The 
area of the C^H^Chi ■ H?Q peak is not less than 97% of 
the total peak area. 

Beta Lactose (p-D-Lactose), C 12 H 22 Qh— 342,30— White to 
faint yeJlow powder, The a-D-lactose content is not morę 
than 35%. 

ASSAY: Inject an appropriate derivatized specimen Ento a 
gas chromatograph (see Chromotography (621)) eguipped 
with a flame-iomzation detector, helium being used as the 
carrier gas. The foliowing conditions have been found suit- 
abie: a 0.25-mm x 30-m capillary column coated with a 
1-pm layer of phase G43; the injectEon port temperaturę is 
maintained at 250°; the detector temperaturę is main¬ 
tained at 250°; the column temperaturo is maintained at 
20° and programmed to rise 8 D per minutę to 280°, The 
area of the CuH^On peak is not less than 99% of the 
total peak area. 

Lanthanum Alizarin Complexan Mixture —DissoNe 
47.9 mg of alizarin complexone in a mixture of 0.1 ml of 
ammonium hydroxtde, 1.0 ml of 20 % (w/v) a m mon tum 
acetate, and a few mL of water, Fil ter the solution into a 
200-mL vo!umetric fiask containing 8,2 g of anhydrous so- 
dlum acetale, 6,0 mL of glacial acetic acid, and enough 
water to dissolve the solras. Wash the fElter with a smatl 
volume of water. Slowly add 1 00 mL of acetone while 
swirling. Dissolve 140.45 mg of lanthanum nitrate hexahy- 
drate in 2.5 mL of 2 M hydrochloric acid, warming gently to 
aid dissolution. Transfer this solution to the 200-mL volu- 
metric fiask containing the aqueous acetone solution. Dilute 
with water to volume. Mix well, and readjust the volume 
afler 30 min. This reagent is slabie for one week. 

Lanthanum Ghloride, LaCI, ■ (6-7)H z O [10025-84-0]— 

This reagent is available in degrees of hydration ranging 
from 6 to 7 molecules of water Use ACS reagent grade. 

Lanthanum Nitrate Hexahydrate, La(N 0 3 )3 - 6 H z O— 

433,01 [10277-43-7]—Use a suitable grade with a con¬ 

tent of NLT 99,9%. 

Lanthanum Oxide / LazCh—325.82 [1312-81-8]—An al- 

most white, amorphous powder, practically insotuble in 
water. it dissolves in dilute Solutions of minerał acids and 
absorbs atmospherre carbon dioxide, Use Atomie Absorption 
Spectroscopy grade. 

Lathosterol (5 a- Cholest-7-en- 3/L o!), C 27 H 4 ĆO—386.65 
[80-99-9]—Use a suitable grade with a content of NLT 95%. 
[Notę—A suitabfe grade is avai labie as catalog n urn ber 
700069 from www.avantnipids.comor as catalog number 
C3652 from www.sigma-aldrich.com,] 


Laury i Dimethyi Aminę Qxide ( N,N-Dimethyldodecyi - 
amine-N-oxide), C 14 H 31 NO [1643-20-5]—229,41—Use a suit¬ 
able grade. 

[NOTĘ—A suitable grade is available from Ffuka, catalog 
number 40234, www.5igma-aldnch.com.] 

Lead Acetate, Pb(C 2 ^0 2 )z - 3H z O—379.33 
[6080-56-4]—Use ACS reagent grade, 

Lead Acetate Paper: Immerse filter paper weighing about 
80 g per sguare meter in a mixture of diluted acetic add 
ancl lead acetate TS (1:10). Remove, dry, and cut into 
15-mm x 40-mm strips. 

Lead Monoxide (Uthorge), PbO—223,20 [1317-36-8]— 

Heavy, yellowish or reddish-ydlow powder. Insotuble rn 
water and in alcohol; soluble in acetic add, in diluted nltric 
acid, and in warm Solutions of the fixed alkati hydroxides. 
Assay: Accurately weigh about 300 mg, freshly ignited in 
a muffle furnace at 600 ±50°, and dissolve it by warming 
with 10 mL of water and 1 mL of glacial acetic acid. Dilute 
with 75 mL of water, heat to bo i ling, add 50.0 mL of 0.1 
N potassium dichromate VS, and boil for 2 to 3 minutes. 
Cool, transfer to a 200-mL volumetnc fiask with the aid of 
water, dilute with water to volume, mix, and allow to set- 
tfe. Withdraw 100.0 mL of the elear ligurd, and transfer to 
a glass-stoppered fiask. Add 10 mL of diluted sulfunc acid 
and 1 g of potassium iodide, insert the stopper, mix gen¬ 
tly, and allow to stand for 10 minutes. Then titrate the 
liberated iodine, representing the excess of dichromate, 
with 0.1 N sodium thiosulfate V$, adding 3 mL of starch 
TS as the endpoint Is approached: each mL of 0,1 N po¬ 
tassium dichromate is equivaient to 7,440 mg of PbO, Not 
less than 98% is found. 

Insoluble IN Acetic AGD: Dissolve 2 g in 30 ml of dilute 
glacial acetic acid (1 in 2), boil gently for 5 minutes, filter, 
wash the residue with diluted acetic acid, and dry at 105° 
for 2 hours: the residue weicihs not morę than 10 mq 
(0.5%). 

SuesTANCES Not Precipitated By Hydrogen Sulfide: Com- 
pletely predpitate the lead from the filtrate obtained in the 
test for insoluble in Acetic Add by passing hydrogen sulfide 
into it, filter, and wash the precipitate with 20 ml of 
water. To one-half of the rmxed filtrate and washings add 
5 drops of sulfunc add, evaporate to dryness, and ignite at 
800 ± 25° for 15 minutes: tne residue weighs not morę 
than 5 mg (0,5%), 

Volatiłe SubstanceS: Accurately weigh about 5 g, and 
heat strongly in a covered porcelain trucible: Et ioses not 
morę than 2.0% of its weight. 

Lead Nitrate, Pb(N0 3 ) 2 —331,21 [10099-74-8]—Use ACS 

reagent grade. 

Lead Perchlorate, Pb(ClO A ) 2 ■ 3H 2 0—460.15—Use ACS rea¬ 
gent grade, 

Lead Tetraacetate, CaHi 2 0 8 Pb^443,38 [546-67-8]—Col- 

orless to pinkish crystals. Soluble En hot glacial acetic add, in 
chloroform, in nitrobenzene, and in tetrachloroethane. Hy¬ 
dro lyzed by water, producing brown lead dioxide and acetic 
add. Unstable in air. 

MeltinG Rangę (741): between 175° and 180°. 


Add the following: 

A (R) (-i-)-Limonene ((-b)-p-Menlhad,8-diene, (-i 
(R)-4dsonropenyR 7 -methyl-1 -cydohexene) f C ] 0 Hi 136,23 

[5989-27-5]—Use a suitable grade with a GC chromato¬ 
graph ic purity of NLT 99% (sum of enantiomers),*^^ 
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Linalool (3,7-Dimethyi-1,6-octadien-3-ol), Ci oHiaO—15425 
[78-70-6]—Use a suitable grade. 

LinoJeic Add, Ci a H 32 0?—28G,4 [60-33-3]—Clear, color- 

less Iiqufd. Use a suitabfe grade. 

a-U poić Acid, GsHh 0 2 S 2 —206,3 [1077-28-7]— 1 keltów 

powder. Use a suitable grade. 

Liquid Petrolatum—Use Minerał OH (USP monograph). 


Add the foUowing: 

A Lithium, Li—6,94 [7439-93-2]—Use a suitable grade 
(ribbon, granular, or wire) with a content of NIT 99.9%. 

AUSM0 

Lithium Chloride, LiCI—4239 [7447-41-8]—Use ACS re¬ 

agent grade. 

Lithium Hydroxide, UGH ■ H 2 O^H.9ó [1310-65-2]— 
Use ACS reagent grade. 

Lithium Meta borate, LiBOz—49.75 [1 3453-69-5]—Use 

ACS reagent grade. 

Lithium Nitrate, L 1 NO 3 —68.95 [7790-69-4]—Colorless 

crystals, Use a suitabfe grade Eabefed to contain not less 
than 97.0%. 

Lithium Perchiorate, LiCI0 4 —106,39 [7791-03-9]—Use 

ACS reagent grade. 

Lithium Sulfate, U 2 SO 4 - H 2 G—127.96 [10377-48-7]— 

Use ACS reagent grade. 

Lithocholic Add, C 24 H 40 O 3 —376,57 [434-1 3-9]—White 

powder. Use a suitable grade with a eon ten l of NLT 97% by 
titration, 

Litmus [1393-92-6]—A blue pigment prepared from various 
spedes of Rocełla DeCandoIie, Lecanora Acharius, or other 
Itchens (Fam. Parmeliaceae). 

Description: Cubes, masses, fragments, or granules, of an 
indjgo blue or deep vlotet color. Has the combined odor 
of indigo and violets, and tinges the safiva a deep blue. 

The indicator substances it contains are soiuble in water 
and less soiuble or insoiubie in alcohoi. 

Ash: It yields not morę than 60.0% of ash, 

Locust Bean Gum—A gum obtained from the ground en- 
dosperms of Ceratonia sifiqua Linne Taub. (Fam. Legumi- 
nosae). Use Locust Bean Gum (FCC monograph). 

L-Lysine (2,6-Diaminohexanotc Add), C 6 HhN 2 0 2 —146.19 
[56-87-1]—Crystaiiine needles or hexagonaf plates, Sofuble 
rn water; very slightly sofuble in alcohoi; insolubfe in ether. 
Specifec Rotation (781): between +25,5° and +26,0°. 

Test Soluteon: 20 mg per mL, in di tutę hydro chloric acid 
(1 in 2), 

Nitrogen Determination (461), Method I: between 
18,88% and 19.44% of N is found, corresponding to rot 
less than 98.5% of C&HhNzO^ the test specimen previ- 
ously hav(og been dried at 105* for 2 hours, 

Magnesium, Mg—24.305 [7439-95-4]—Silvery metal in 
ribbon form. Reacts slowiy with water at room temperaturę. 
Dissolves readily in diiute acids with the liberation of hydro- 
gen. 

Assav: Transfer 1 g, accurately weighed, to a 250-mL voi- 
umetric fiask, and dissolve in a mixture of 15 mL of hydro- 
ehlorit add and 85 mL of water. When solution is com- 


plete, diiute with water to volume, and mix. Pipet 25 mL 
of the drlutfon into a 400-mL beaker, diiute with water to 
250 mL, add 20 mL of ammonia-ammonium chloride TS 
and a few mg of eriochrome black T trituration, and titrate 
with 0.1 M edetate disodium V5 to a blue endpoint. Eaeh 
mL of 0.1 M edetate disodium V5 is equivalent to 
2.430 mg of Mg, Not Jess than 99% is found, 

Magnesium Acetale, Mg£C 2 H 3 G 2 ) 2 ■ 4H 2 0—214.45 
[142-72-3}—Use ACS reagent grade. 

Magnesium Chloride, MgCI 2 - 6H 2 0—203.30 
[7791-18-6]—Use ACS reagent grade. 

Magnesium Nitrate, Mg(N0 3 ) 2 ■ 6H 2 0—256.41 
[13446-18-9]—Use ACS reagent grade. 

Magnesium Oxide, MgG—40.30 [1 309-48-4]—Use ACS 

reagent grade. 

Magnesium Oxide, Chromatographic—Use a suitable 
grade. 

Magnesium Perchlorate, Anhydrous, Mg(Cl0 4 ) 2 —223.21 
[10034-81-8]—Use ACS reagent grade. 

Magnesium Silicate, Activated—Use a suitable grade. 

Maanesium Silicate, Chromatographic—Extremely white, 
hard, powdered (60- to 100-mesh) magnesfa-silica gel, Suit¬ 
able for use as an adsorbant in column chromatography. 

Magnesium Sulfate, MgS0 4 ■ 7H 2 0—246.48 
[10034-99-8]—Use ACS reagent grade. 

Magnesium Sulfate, Anhydrous, MgSO^—120.37 
[7487-88-9]—Anhydrous Magnesium Sulfate may be pre¬ 
pared as follows. Place a suitable quantlty of magnesium 
sulfate (see above), preferably powdered, in a shaflow ves- 
set, and expose to a temperaturę of about 80° for several 
hours with occasional stirring. Then heat at 275° to 300° 
until the weight is practically constant. Transfer the product 
while stii! warm to tight containers, as the anhydrous salt es 
very hygroscopic. 

Malachite Green G—See Bńliiont Green . 

Mafeic Acid, C 4 H 11 O 4 —116.07 [110-16-7]—White, erys- 
talline powder. Soiuble In 1.5 parts of water, in 2 parts of 
alcohoi, and in 12 parts of ether. 

ASSAY: Dissolve about 2 g, accurately weighed, in 100 mL 
of water and titrate with 1 N sodlum hydroxide VS, using 
phenolphthalein TS as the indicator. Each mL of 1 N so- 
dium hydroxide is equivalent to 58.04 mg of C 4 H 4 0 4 : not 
less than 99% of C 4 H 4 O 4 , calculated on the dried basis, is 
found. 

LOSS ON Dryinc: Dry it in vacuum over phosphorus pent- 
oxide for 2 hours: it Joses not morę than 1.5% of its 
weight. 

Residue on Ignition (281): not morę than 0.1%. 


Add the folio w i ng: 

A Malonic Add (Proponedioic Add), C 3 H 4 O 4 —104.06 
[141-82-2]—Use a suitable grade with a content of NLT 

98%.ał/.wm0 

Maltotriose, QsH 32 0i6—504.44 [1109-28-0]—Use a suit¬ 

able grade with a content of not less than 95%. 

Manganese, Mn—54.94 [7439-96-5] —Powder, use a 

suitable grade with a content of NLT 99.99%. 




USP 40 


Reagents / Reagent Spedfications 2369 


Manganese Dioxide: see Manganese Dioxide t Activated, 

Manganese Droxtde, Activated (Manganese (IV) Oxide f Acth 
vatea), MnO?—86.94 [1313-13-9]—Use a suitable grade. 


Add the folhwing; 

A D-Mannitol—Use Mannitol USP .auśmo 


Medium-Chain Triglycerides (Caprylic/Capric Trigiycerides, 
C lyceryl Thcapryfate/Ćoprate) [438544-49-1 ]—Use a suitable 
grade containing NLT 95% of saturated fatty acids with 8 
and 10 carbon atoms, [NOTĘ—A suitable grade is available 
as Captex 300 Iow C6 from www.a biteccorp.com.] 

Melamine ( 2 , 4 , 6 - Triamino* 7, 3,5-triazine), C 3 H 6 N 6 —126,1 
[108-78-1 ]™Use a suitable grade. 


apto 

[60-24-2]—Use a suitable gra 


(p-Mercaptoethanol), 
jfole grade. 


GHńOS—78,13 


Mercuric Acetale, Hq(C 2 H^0 2 )2— 318,68 
Use ACS reagent grade. 


[1600-27-7]— 


Mercuric Bromide, HgBrz—360.40 [7789-47-1]—Use 

ACS reagent grade. 


Mercuric Chloride, HgCb—271,50 [7487-94-7]—Use 

ACS reagent grade. 


Mercuric lodide, Red, Hgl^—454.40 [7774-29-0]—Use 

ACS reagent grade. 


Metaphenylenediamine Hydrochioride (Metaphenylenedt- 
aminę Dihydrochloride), QR,(NH;02 ■ 2HCI—181.06—White 
or slightly reddish-white, crystafline powder. Easily soiuble in 
water. On exposure to litjht it acquires a reddish color. 

Storę it protected from light, 

Solubiuty: A solution of 1 g in 200 ml of water is color- 
less, 

Residue on Ignitjon (Reagent test): Ignlte 1 g with 0,5 ml 
of sulfuric acid: the residue weighs not morę than 1 mg 
(0.1%), 

[NOTĘ—Metaphenylenediamine hydrochioride solution 
can be decolorized by treatment with a smali guantity of 
activated charcoal.] 

Metaphosphoric Acid (Wtreous Sodium Add Metaphos - 
phote), HPOr-79.98 [37267-86-0]—Use ACS reagent 

grade. 

Methacrylie Add [79-41-4]—Use a suitable grade. 

Methanesulfonk Acid, CH,,0 3 S—96.11 [75-75-2]—Use a 

suitable grade. 

Methanol (Methy! Aicohot), ChUOH—32.04 [67-56-1]— 

Use ACS reagent grade, 

Methanol Aldehyde-Free, CH 3 OH—32.04—Dissolve 25 g 
of iodine in 1 L of methanol and pour the solution, with 
constant stirring, into 400 mL of 1 N sodium hydroxide. 

Add 150 mL of water, and allow to stand for 1 6 hours. Fil¬ 
ier, and boil under a reflux condenser until the odor of 
iodoform disappears. Distill the solution by fractional distilla- 
tron. It contains not morę than 0.001% of aldehydes and 
ketones. 


Mercuric Nitrate, Hg(N0 3 )i * xH 2 Q— 342,62 
[10045-94-0]—Use ACS reagent grade. This reagent is avail- 
able as either the mono- or dihydrate. 

Mercuric Oxide, Yellow, HgO—216.59 [21908-53-2]— 

Use ACS reagent grade, 

Mercuric Sulfate, HgS0 4 —296.65 [7783-35-9]—Use 

ACS reagent grade, 

Mercuric Thiocyanate, Hg(SCN) 2 —316,76 [592-85-8]— 
White, crystalline powder, Very slightly soiuble in water; sol- 
uble in Solutions of sodium chloride; slightly soiuble in alco- 
hol and in ether. 

Mercurous Nitrate Dihydrate (Mercury (f) Nitrate Dihy¬ 
drate] ), Hg 2 (N0 3 )2 ■ 2H 2 0—561.22—Use ACS reagent grade. 


Methanol, Anhydroiis—Use Methanol, 

Methanol, Spectrophotometric—Use ACS reagent grade 
Methanol Suitable for Use in UV Spectrophotometry, 

Methenam ine (Hexamethyienetetramine; Urotropinę; Uritone; 
Hexaminel C*HuN 4 ~140.19 [100-97-0]—Use ACS rea¬ 

gent grade Hexamethylenetetramine, 

7-Methoxycoumarin (Hemiahn; MethyI Umbelliferyl Ether% 
CioHaOj—176.17 [531-59-9]—Use a suitable grade with a 

content of not less than 98%, 

Methoxyethano! (Ethyiene Glycol Monomethyl Ether; 2-Me- 
thoxyethanol), CH^OCH 2 CH 2 OH—76.09 [109-86-4]—Use 
ACS reagent grade. 


Mertury, Hg—At. Wt 200.59 [7439-97-6]—Use ACS re¬ 

agent grade, 

Mesityl Oxide, C 6 H 10 O—98.14 [141-79-7]—Coloriess liq- 

uld. 

AssAY: fnject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) equipped with 
a flame-ionization detector, helium being used as the tar- 
rier gas. The foliowi ng conditions have been found suita¬ 
ble: a 0,25-mm x 30-m capillary column coated with a 
1-jim layer of phase G2; the injection port temperaturę is 
maintained at 150°; the detector temperaturę is main- 
tained at 300°; the column temperaturę is maintained at 
50° and programmed to rise 10 c per minutę to 200°, The 
area of the C ć HioO peak is not less than 98% of the total 
peak area. 

Refractive ]ndex (831): between 1.443 and 1.447 at 20°. 

Metanil Yellow (Acid Yellaw 36; 3*(4-Anifinopheny- 
lazo)benzenesulfonic Add Sodium Salt), Ci8Hi 4 N 3 NaOiS— 
375.38 [587-98-4]—Use a suitable grade with a dye con¬ 
tent of NLT 70%. 


2-Methoxyethanol (Ethyiene Glycol Monomethyl Ether; Me - 
thoxyethanol), CH 3 OCH 2 CH 2 OH— 76.09 [109-86-4]—see 
Metnoxyethanol. 

5-Methoxy-1 H-benzfmidazole-2-thiol (S-Methoxy- 
2-benzimidazolethiof), C B H s N 2 OS—180.23 [37052-78-1 ]— 

Use a suitable grade with a content of NLT 99,0%. 

5-Methoxy-2-methyl-3-lndoleacetic Acid, Ci 2 H 13 NOi— 
219.24 [2882-15-7]—Off-white powder. 

Assay: Transfer about 110 mg, accurately weighed, to a 
100-mL beaker. Add 30 mL of methanol and dissolve by 
stirring. Add 40 ml of water, and mix. Titrate with 0.1 N 
sodium hydroxide VS, determining the endpoint potentio- 
metrically. Perform a blank determination and make any 
necessary correction. Each mL of 0.1 N sodium hydroxide 
is equivalent to 21.92 mg of Ci?H J3 N0 3 , Not less than 
98% is found, 

Meltinc Rance (741): between 161° and 168°, but the 
rangę between beginning and end of melting does not 
exceed 3°, 
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Methoxyphenylacetk Acid (a-Methoxyphenylacetic Acid), 
C 9 H w Oi— 166*2 [7021-09-2 ]—Use a suitable grade. 

Methyl Acetate, CjHsO*—74.08 [74-20-9]—Colorless 

fiquid. Soluble in water. Miscible with aicohol and with 
ether. 

Specific Grawty <841): about 0.933, 

Refraowe Index <831): between 1.3615 and 1.3625 at 
20 °. 

Boilinc Rance (Reagent test); Not less than 95% distills 
between 57° and 58°. 

Methyl 4-AminGbenzoate, C e H 9 NO;—151,16 
[619-45-4]—Gff-white powder. 

Assay: Dissolve about 38 mg, accurately weighed, in 
50 mL of glacial acetic acid. TiLrate with 0.1 N perchloric 
acid VS, determining the endpoint potentiometrically. Per- 
form a blank determmation, and make any necessary cor- 
rectton, Each ml of OJ N perchloric add is equjvalent to 
15J2 mg of C a H 9 NCh, Not less than 99.0% is found. 
Melting Rance <741): between 1Q8 Q and 110°. 

Methyl Arachidate (Eicosanoic acid, methyl ester), 

—326.56 [1120-28-1 ]—Off-white flakes, 

Assay: Inject an appropriate specimen into a gas chro- 
matograph (see Chromatography <621)1 eguipped with a 
thermal-conductivity detector, helium being used as the 
carrier gas. The foliowing conditions have been found suit¬ 
able: a 2.0-mm x 1.8-m glass column packed with 5% 

G2 phase on support SI A; the injection port temperaturę 
is maintained at 30Q ń ; the detector temperaturę is malm 
tained at 300°; the column temperaturę is maintained at 
230° and programmed to rise 3° per minutę to 28Q n . The 
area of the C 2 H 42 O 2 peak is not less than 99% of the total 
peak area. 

Melting Rance (741): between 46 c and 51°. 

Methyl Behenate, € 23 ^* 0 *—354.61 [929-77-1 ]—White 

powder. 

ASSAY: Inject an appropriate specimen into a gas chro¬ 
ma tog rap h (see Chromatography (621 >) equipped with a 
thermal eonductivity detector, helium being used as the 
carrier gas. The foliowi ng conditions liave been found suit- 
able: a 2.0-mm x 1.8-m glass column packed with 5% 

G3 phase on support SI A; the injection port temperaturę 
is maintained at 300°; the detector temperaturę is main- 
tained at 300°; the initlal temperaturę of the oven is 220°, 
which is heid for 2 minutes, and then programmed to r se 
3° per minutę to attain a finał temperaturę of 270°, which 
is held for 10 minutes. The area of the C 23 H 46 G 2 peak Is 
not less than 98% of the to tal peak area. 

MELTINC Rance (741); between 54 c and 56°, 

Methyl Benzenesulfonate, C^HaOjS—172.20 
[80-18-2]—Use a suitable grade. 

Methyl Caprate, CnH^O^I 86.29 [110-42-9]—Color- 

less liquid. 

Assay: Inject an appropriate volume into a gas chromato- 
graph {see Chromatography (621)) eguipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25* 
mm x 30-m capillary column coated with a 1-pm layer of 
phase G2; the injection port temperaturo is maintained at 
250°; the detector temperaturę is maintained at 300 D ; the 
column temperaturę is maintained at 150° and pro- 
rammed to rise 10° per minutę to 280°. The area of the 
11 H 22 O 2 peak is not less than 98.5% of the total peak 
area. 

Methyl Caprylate, 158,24 [111-11-5]—Color- 

less liguid. 


Assay: Inject an appropriate volume into a gas chromato- 
graph (see Chromatography <621)) equipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1 -pm layer of 
phase G2; the injection port temperaturę is maintained at 
230°; the detector temperaturę is maintained at 300 c ; the 
column temperaturę is maintained at 130° and pn> 
rammed to rise 10 c per minutę to 280T The area of the 
9 HUJO 2 peak is not less than 98.5% of the total peak area. 

Methyl Carbamate, C 2 H 5 NO 2 —75,07 [598-55-0]—White 

crystals. Freely soluble in water, 

Melting Rance (741): between 54° and 56T 

Methyl Chloroform (Methylchloroform; 7,7, 

1 - Trknloroethane), CHiCCU—133.40 [71 -55-6]—Use ACS 

reagent grade. 

Methyl Erucate, C 23 H 44 O 2 —352.59 [1 1 20-34-9]—Color- 

less liguid. 

Methyl Ethyl Ketone, CH 3 COC 2 H 5 - 72 .il [78-93-3]— 
Use ACS reagent grade 2 -butanone. 

Methyl Green (Methyl Green Zinc Chloride Double Salt; Ethyf 
Green Zinc Chioride Double Salt; C./. 42590), Cz?H 3 sCbNi * 
ZnClz—608.78 [7114-03-6]—Use a suitable grade for mi* 

croscopy. 

Methyl Heptadecanoate, Ci eH 36 0z—284.48 
[1731-92-6]—White, crystalline flakes. 

Assay: Inject an appropriate specimen into a gas chro- 
matograph (see Chromatography {621}) equipped with a 
fiame-ionization detector, nefium being used as the carrier 
as. The following conditions have been found suitable: a 
,25-mm x 3Q*m capillary column coated with a 1 -pm 
layer of phase GS; the injection port temperaturo is main¬ 
tained at 220 °; the detector temperaturo is maintained at 
220 °; the column temperaturo is maintained at 180° and 
programmed to rise 4" per minutę to 220°. The area of 
the CisHjfcOz peak is not less than 99% of the total peak 
area. 

Melting Rangę (741): between 31° and 32°. 

Methyl Hexanoate (Caprok Acid Methyl Ester; Methyl 
Caproate), C 7 H 14 O 2 —130.18 [1 06-70-7]—Use a suitable 

grade with a content of NLT 99%. 

[NOTĘ—A suitable grade is available as catalog 259942 
from www.sigma-aldrich.com.] 

Methyl lodide (lodomethane), CH 3 !—141.94 [74-88-4]— 

Colorfess, heavy, transparent iiquid. Slightly soluble in water, 
Miscible with aicohol, with ether, and with solvent hexane. 
Turns brown on exposure to licjht as a result of liberation of 
iodine. Use a suitable grade with a content of not less than 
99%. 

Methyl Jsobutyl Ketone—See 4-Methyl-2-pentanone. 

Methyl Laurate, CnHaOr-214.34 [110-S2-0]—Color* 

less liguid, 

ASSAY: Inject an appropriate volume into a gas chromato- 
graph (see Chromatography (621» equipped with a t la me¬ 
lon izalion detector, helium being used as the carrier gas, 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a I-jim layer of 
phase G2; the injection port temperaturę is maintained at 
280°; the detector temperaturę is maintained at 300 D ; the 
column temperaturę is maintained at 180° and pro¬ 
grammed to rise 10° per minutę to 280 c . The area of the 
CuHzeOz peak is not less than 99.45% of the total peak 
area. 
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Methyl lignocerate, C^HjoO*—382.66 [2442-49-1 ]— 

White crystals. 

Methyl Linoleate, Ci 9 H k 0^294.47 [112-63-0]—Color- 

fess liquid. 

Assay: Inject an appropriate volume into a gas chromato- 
graph (see Chromatogrophy {62 1)) eguipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capiIJary column coated with a 1 -pm layer of 
hase G2; the injection port temperaturę is maintained at 
00°; the detector temperaturę is maintained at 300°; the 
column temperatura is maintained at 200° and pro- 
rammed to rise 10° per minutę to 300®. The area of the 
i^H^O 2 peak is not less than 99% of the total peak area, 

Methyl Linolenate, C^H^Ch — 292*46 [301-00-8]—Col- 

orless liquid. 

ASSAY: Inject an appropriate voiume into a gas chromato- 
graph (see Chromotography (621)) equrpped with a flame- 
tomzation detector, helium being used as the carrier gas* 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capiliary column coated with a 1-jim layer of 
phase 14% cyanopropylphenyl-86% dimethylpolys[]oxane; 
the injection port temperaturę is maintained at 280°; the 
detector temperaturę is maintained at 300°; the column 
temperaturę is maintained at 180° and programmed to 
rise 10° per minutę to 280®, The area of the C\ 9 Hj Z 0 2 peak 
is not less than 99% of the total peak area. 

Refraowe Index <831): between 1*469 and 1*473 at 20". 

Methyl Methacryfate [80-62-6]—Use a suitable grade. 

Methyl Myristate, C 15 H 3 qQz~ 242.40 [124-1 0-7]—Color^ 

less liquid* 

Assay: Inject an appropriate voiume into a gas chromato- 
graph (see Chromotography (621» eguipped with a flame- 
ionization detector, helium being used as the carrier gas* 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capiliary column coated with a 1-pm layer of 
hase G2; the injection port temperaturę is maintained at 
00 p ; the detector temperaturę is maintained at 3G0 a ; the 
column temperaturę is maintained at 200° and pro- 
rammed to rise 10” per minutę to 300°* The area of the 
isHkjO? peak is not less than 99% of the total peak area. 
Refractive Imdex (831): between 1.434 and 1.438 at 20 c . 

Methyl Oleate, C 19 H 36 0 2 —296.49 [112-62-9]—Colorless 

liquid. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph {see Chromotography (621)} equipped with 
a flamedonization detector, helium being used as the car¬ 
rier gas. The following conditions have been found surta- 
ble: a capiliary column coated with a 1 -pm layer of phase 
G2; the injection port temperaturę is maintained at 300°; 
the detector temperaturę is maintained at 300°; the col¬ 
umn temperaturę is maintained at 230° and programmed 
to rise 10” per minutę to 280°. The area of tne Ci 9 H 3ó G 2 
peak is not less than 99% of the total peak area. 

Refraowe Index (831): 1 .452 at 2G g . 

Methyl Palmitate, G ?Hm 02—270.45 [112-39-0]^White 

solid. 

Assay: Inject an appropriate volume into a gas chromatc- 
graph (see Chromatography {621)) equipped with a ffame- 
iomzation detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capiliary column coated with a 1-pm layer of 
hase G2; the injection port temperaturę is maintained at 
00”; the detector temperaturę is maintained at 300°; the 
column temperaturę is maintained at 200° and pro- 
rammed to rise 10 c per minutę to 300 p . The area of The 
i?H 3 i 0 2 peak Is not [ess than 96.5% of the total peak 
area* 


Methyl Pafmitoleate (Methyf ds-9-Hexadecenoote; 

Polmitoleić Acid Methyl Ester), Ci7H 32 0 2 —268.43 
[1120-25-8]—Use a suitable grade with a content of NLT 
99%. [Notę—A suitable gracie is available as catalog nu ro¬ 
ber P9667 or 761 76 from www.sigma-aldrich.comr] 

Methyl Red (2-[4-DimethyłamInophenyIazoJbenzoic Add; G 
L Add Red 2) t Ci S Hi 5 N 3 0 2 , free acid— 269.30 [493-52-7] 
CisH^NsChNa, sodium salt—291*28 [845-10-3]—Use AC5 

reagent grade. The free acid is recommended for nonaque- 
ous titrations, particularly when an aprotrc so!vent is used. 
The sodium salt is recommended for titrations in aqueous 
media and also for nonaqueous titrations where the me¬ 
dium is an amphiprottc sofvent. The hydrach loride salt is 
recommended for titrations in aqueous media and 
amphiprotic solvents. 

Methyl Stearate, G^O*—298.50 [112-61-8]—Off- 

white, crystalline solid. 

ASSAY: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromotography (621)) egutpped wiLh 
a flame-ionization detector, helium being used as the car¬ 
rier gas* The following conditions have been found suita- 
bie: a capiliary column coated with a l-pm layer of phase 
G2; the injection port temperaturę is maintained at 300°; 
the detector temperaturę is maintained at 300°; the col¬ 
umn temperaturę is maintained at 200 g and programmed 
to rise 10° per minutę to 300°. The area of the G^H^Oa 
peak is not less than 99% of the total peak area* 

Melting Ramce (741): between 40° and 42°. 

Methyl 5ulfoxide [67-68-5]—See Dimethyl 5ulfoxide* 

Methyl p-Tofuenesulfonate (Methyl Toluene-4-sulfonate) t 
Cal-USC)*—186.23 [80-48-8]—Use a suitable grade with a 

content of NLT 98%. 

Methyl Yellow (p-Dimethylaminoazobenzene), ChHijNj— 
2253 [60-11 -7]—Use a suitable grade. 

Methyfamine, 40 Percent in Waler, CH 5 N—31*06 
[74-89-5]—Colorless iiquid* 

ASSAY: Using a syringe, transfer about 0.5 mL of a well- 
shaken specimen to 100 ml of water at a point below the 
surface of the water. Determine the weight of the speci¬ 
men by weighing the syrrnge before ano after the transfer. 
Mix, and titrate with 0.5 N hydrochloric acid VS, deter- 
mining the endpoint potentiometncally, using a siJver-silver 
chloriae pH electrode and a ca lornet reference electrode. 
Perform a blank determination, and make any necessary 
correction* Each mL of 0.5 N hydrochloric acid ts equiva- 
lent to 15.53 mg of CHjN: between 39.0% and 41*0% is 
found* 

REFRAOWE Index (831): between 1.3680 and 1*3710, a t 
20 °, 

Methylamine Hydrochloride, ChbN ■ HCI—67*52 
[593-51-1]—Use a suitable grade. [Notę—A suitable grade 
is availabie as catalog number M0505 from www.slgma- 
aldrtch.com,] 

p-Methylamrnophenof Sulfate, (p-CHjNHCńH^OH)^ - 
H 2 S0 4 —344*38 [55-55-0]—Use ACS reagent grade. 

4-Methylbenzophenone, ChH 1z O—196.25 [1 34-84-9]— 

Use a suitable grade. 

Melting Rance (741): between 5Ó*5 C and 57°. 

Methylbenzothiazolone Hydrazone Hydrochloride, 
CgHioCINjS ■ H 2 0—233*7 [38894-11-0] (monohydrate 

form)— 215.70 (anhydrous form); [149022-15-1] (hydra te 
form)—An almost white or yellowish, crystalline powder. 
SuiTABiLiTY For Determination of Aldehydes: To 2 mL of 
aldehyde-free methanol add 60 pL of a 1 g per L solution 
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of propionaldehyde in aldehyde-free methanol and 5 mL of 
a 4 g per L solution of methylbenzothiazolone hyd rażone 
hydrachloride. Mix, and altów to stand for 30 minutes. 
Prepare a blank, omitting the propionaldehyde solution* 
Add 25.0 ml of a 2 q per L solution of fenie chloride to 
the test sotution anefto the blank, dilute with acetone to 
100.0 ml, and mix, The absorbance of the test sofution, 
measured at 660 nm using the blank as compensation fiq- 
uld, is not less than 0.62. Use a suitable grade with a 
content of not [ess than 97%. 

(/?)-(+)-alpha-Methyl benzyl Isocyanate ((R)-(+)- 
1 -Phenylethyl Isocyanate), C 9 H 9 NO—147.17 
[33375-06-3]—Use a suitabie grade with a content of NLT 
99*0%. 

(5)-(-)-a-Methy!benzyl Isocyanate, C 9 H 9 NO—147.18 
[14649-03-7]—Use a suitable grade* 

Methylene Blue, Ci 6 H| B C1N 3 5 ■ 3H 2 0—373.90 
[7220-79-3]—Dark green crystals or a crystaliine powder, 
having a bronzelike fuster. One g dissolves in about 25 mL 
of water and In about 65 mL of alcohoL Solubfe in chloro¬ 
form. Use a suitable grade with a dye content of not less 
than 85%, 

Methylene Chlonde (Dichloiomethane), CH2CI2 —84.93 
[75-09-2]—Use ACS reagent grade Dichioromethane. 

5,5'-Methylenedisa!ioylic Add (3,3'-Me£hylene-bis[6-hy- 
droxybenzoic Add)), Ci 5 Hi 2 O ó — 288.25 [122-25-8]—Use a 

suitable grade. 

3- O-Methylestrone, CiaH 2 , t 0 2 —284.39—Use a suitable 
grade, 

[Notę —Commercially available as catafog number 1883-5 
from Research Plus, Inc., P.O. Box 324, Bayonne, NJ 07002, 
fax number 908-754-2901, Web site: www.researchplus* 
com.] 

2-Methyl-5-nkroimidazole, Gił-hN^Ch—127.10 
[88052-22-2]—Use a suitable grade. 

[Notę— Availab3e as Catalog No. 13,625-5 from Sigma-AI- 
drich, www.sigma-aSdnch.com.] 

N-Methyl-N-nitroso-ptofuenesulfonamide (p-Tolyl- 
5 ulfonylmethylnitrosamide), CeHioN 2 0 3 5—214.24—LIght yel- 
low crystals or powder* Insoluble in water; solubię in ben- 
zene, in carbon tetrachforide, and in chloroform* 

Melting Rangę (741): between 59° and 63°, but the 
rangę between beglnning and end of melting does not 
exceed 2°. 

4- Methylpentan-2-ol, CaHhO— 102,2—Use a suitable 
grade. 

2-Methylpentane (2-Methyl-pentane; 1,1 -Dimethylbutane; 
lsohexane), QH h — 86*18 [107-83-5]—Use a suitable 

grade with a content of not fess than 99.0%, 

4-Methyf-2-penlanone (Methyl Isobutyl Ketone), 
(CH^CHCHzCOCHj—100*16 [108-10-1 ]—Use ACS rea¬ 

gent grade* 

2-Methyl-2-propyM,3-propanedrol, C 7 H 10 O 2 —132.20 
[78-26-2]—white crystals, melting at about 5S°* 

N-Methylpyrrolldine (UMethylpyrrolidine), CiHsNCI-h— 
85.15 [120-94-5]—Use a suitable grade. 

Minerał Acid—Use Hydrochloric Add or Suffuric Acid (NF 
monographs)- 

5,800, 23,700, and 100,000 Molecular Werght (MW) PuU 
lulan Standards (a commercial Pullulan Standard set con- 


tains standards having $everal molecular weights: 5,800; 
12,000; 24,000; 48,000; 100,000; 186,000; 380,000; and 
750,000) [9057-02-7]—Use a suitable grade. Fach lndividual 
Pullulan Standard with a different molecular weight, such as 
5,800, 24,000, or 100,000, is equivalently used. 

[Notę—T he standard set is avai!able from Sigma-Aldrich 
(www.sigma-aldrich.com) and Wafers (www.waters.com)*] 

Molybdenum, Mo—95.94 [7439-98-7]—Wire* Use a suit¬ 

able grade with a content of NLT 99.9%. 

Molybdrc Acid (85 Percent Molybdic Add) [7782-91-4]—Use 
ACS reagent grade. 

Monobasic Potasslum Phosphate—See Potassium Phos - 
phate , Monobask. 

Monobasic Sodium Phosphate—See Sodium Phosphate , 
Monobasic. 

Monochloroacetic Acid (Chloroacetic Add, Chforoethanok 
Acid), CH 2 CICOOH—94.50 [79-11 -8]—Use ACS reagent 
grade. 

1 - M o n od eca n oy I - rae-g ly ce ro i (G lycerol 1 - decanoate; Capric 
add u-monogiyceride; (2RS)-2,3-OihydroxypropyI decanoate; 
a-Monocaprin), CnH 2ó Q,—246.34 [2277-23-8]—Use a 

suitable grade with a content of NLT 99%. 

Monoethanolamme (2-Aminoethanol), C 2 H 7 NO — 61.08 — 
Use ACS reagent grade. 

1-Monooctanoyl-racqlycerol (Glycerol Uoctanoate; 

1 - Capryloyl- rac-glycero T; (2 RS) -2,3 - D ihydroxypropyl octonoate; 
a-Monocaprylin), CtiH^Ch—218*29 [502-54-5]—Use a 

suitable grade with a content of NLT 99%. 

Monosodtum Glutamate (t-Glutamk Add Monosodium Salt 
Hyd ratę, (S)-2-Aminopentanediok Add), C 5 H^NNa0 4 ■ xH 2 0— 
169.11 (anhydrous basis) [142-47-2]—Use a suitabie 
grade with a content of NLT 99%. 

Morin (Mońn Hyd rotę; 2', 3,4', 5,7- Pen tah ydroxyfła vone 
Monohydrate), CishhoO? * H 2 0—320.25 [480-16-0]—Use a 

suitable grade. 

M o rp h o I In e (Tetra hydro-1,4-oxazine), C 4 H 9 N O—87.12 
[11 0-91-8]—Use ACS reagent grade. 

Myristyltrimethylammonium Brom ide (MTA, Tetradecyl- 
trlm ethylam mon fum Bro mide; Trim ethyl(tetradecyl)ammonium 
Bromide), C, ? H 3 aBrN—336*39 [111 9-97-7]—Use a suita- 

bfe grade with a content of NLT 99%. 

Naphthałene, C 3 qH s — 128.17 [91-20-3]—-Monodinic 

prismatic plates, or white scales or powder. Use a suitable 
grade with a content of not less than 98%. 

1,3-Naphthalenediol (Naphthoresorcinol), CtoHri(OH) 2 — 
160.17 [132-86-5]—Grayish-white to tan crystals or pow¬ 

der. Freely soluble in methanol; sparlngly soluble in water, 
in alcohof, and in ether. 

Melting Rance (741): between 122° and 127°. 

Solubiuty IN Methanol: Disso!ve 500 mg In 50 mL of 
methanol: the solution is elear and complete. 

2,7-Naphthalenediol (2,7-Dihydroxynaphthalene) / 

C 10 H B O 2 —160.17 [582-1 7-2]—Off-white to yellow, erys- 

talline solid or powder. Dissolves in acetone. 

Melting Rangę (741): between 187° and 191°. 

2-Naphthalenesuifonlc Add, CtaHsOjS ■ H 2 0—226,25 
[120-18-3]—Off-white to light gray erystais. Soluble in 
water. 
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ASSAY: Dissolve about 1 g, aecurately weighed, in 100 ml 
of water, add phenolphthafein 15, and Litrate with 0.1 N 
sodium hydroxide VS. Perform a blank determination, and 
make any necessary correction, Each mL of 0.1 N sodium 
hydroxide is equivalent to 22,63 mg of CtoHeOaS * H 2 0. 
Not less than 98,0% is found. 

MELTING RANCE (741); between 122° and 126°, but the 
rangę between beginning and end of meiting does not 
exceed 2 Q . 

1- Naphthol (Alphanaphthoi), C 10 H 7 OH—144.17 
[90-15-3]—Colorless or slightly pinkish erystals or crystalline 
powder. 

2- Naphthol (Betanaphthol), CtoH ? GH—444.17 

[135-1 9-3]—White leaflets or crystalline powder. Discofors 
on exposure to light Very slightly soluble in water; soluble 
En alcohol, in ether, in chloroform, and in Solutions of alkafl 
hydroxides. 

Melting Rangę (741): between 121° and 123°, 

SOLUBILITY in Alcghgl; A solution of 1 a in 10 mL of alco¬ 
hol is complete and colorless or practically so. 

Residue on [GNlTiON (Reaaent test): not morę than 
0,05%. 

AODJTY: Shake 1 g with 50 mL of water occasionaily dm- 
ing 15 minutes, and filter: the filtrate is neutral to litmus. 
1 -Naphthol: Boii 100 mg with 1 0 mL of water until dis- 
solved, cool, and fElter. Add to the filtrate 03 mL of 1 N 
sodium hydroxlde and 0.3 mL of 0.1 N iodlne: no violet 
coior is produced. 

INSOLUBLE IN Ammonia (naphthalene, etc,): Shake 500 mg 
with 30 mL of ammonia IS: the 2-naphthol dissolves com- 
pletefy and the solution is not darker than pale yelfpw, 

Naphthol Dipotassium Disulfonate (2-Naphthoi-6,8-d‘h 
potassium Disulfonate % CtoHfiKzO^Sa— 1 3.80.48 
[842-18-2]—Use a suitable grade. 

[Notę—A suitable grade is available as "2-naphthyl-6,8- 
disulfonic add dipotassium salt" from Pfaltz and Bauer, !nc., 
www. pf a Itza nd bau er.com .] 

Naphthol Disodium Disulfonate (2-Nopht:hol-3,6-disodium 
Disulfonate ), CioHeNazG^z—348,26—Use a suitable grade, 

p-Naphtholbenzein, C 27 H 18 0^3 74.43 [145-50-6]— 

Red-brown powder. Use a suitable grade. 

/3-NaphthGqumone-4-sodium Sulfonate, CtoHsNaOsS— 
260.20—Yellow to orange-yellow crystals or crystalline pow- 
der. Soluble En about 10 parts of water; insoluble in alcohol. 
LOSS ON DRYING (731): Dry it In vacuum at about 50°: it 
loses not morę than 2 . 0 % of its weight. 

Residue on Ignition (Reagent test): Ignite 1 g of dried 
sampfe with 3 mL of suffuric acid: the residue weighs be¬ 
tween 265 and 280 mg (between 26,5% and 28.0%). 

Naphthoresorcinol (1,3-Dihydroresordnol), CioH^Oz — 

160,17 [132-86-5]—Use a suitable grade. 

2-Naphthyl Chloroformate (Chloroformie Add 2-Naphthyl 
Ester), CICOOCjoH? —206,62 [7693-50-7]—Use a suitable 

grade. 

[NOTĘ—A suitable grade is availabte from TCJ America, 
www.tciamerica.com.] 

1-Naphthylacetic Acid (1 -Naphthaleneacetie Acid, a- 
Naphthaleneacetk Add Eree Add), Ci Z Hi 0 O?—186.21 
[86-87-3]—Use a suitable grade with a content of NLT 95%. 

1-Naphthylamine, C,oH 9 N—143.19 [1 3432-7]—Use a 

suitable grade. 

1-Naphthylamine Hydrochlonde, Ci D H 7 NH 2 MCI—179.65 
[552-46-5]“White, crystalline powder that turns bluish 


upon exposure to fight and air, Soluble in water, in alcohol, 
and in ether. 

A 1 in 1 00 solution, make slightly add with acetic acid, 
gives a violet color with 5 drops of ferrlc chioride T5. A 1 in 
40 solution En diluted acetic acid Is colorless and not morę 
than slightly opalescent. 

Residue on Ignition (Reagent test): Ignite 200 mg with a 
few drops of sulfuric acid: the weight of the residue Es 
negligrbie. 

W-(1 -Naphthyl)ethylenediamine Dihydrochloride, 

Cio'H 7 NH(CHOaNH a - 2HCI—259.17 [1465-25-4]—Use 

ACS reagent grade. 

Neutral ized Alcohol—See Alcohol , Neutralized, 

Nickel, Ni—58,6934 [7440-02-0]—Use a suitable grade. 

Ntckel-Aluminum Catalyst—Use a suitable grade. 

[Notę—A suitable grade is "Raney Nickel, Active Catalyst," 
avai!able as "alumnium-nickel alloy," catalog number 
72240, avaE3abie from kluka Chemical Corp,, fax 
1-800-962-9591, Web slte: www.sigma-aidnch.com,] 


Add the fotlowing: 

A Nicke] Nitrate Hexahydrate [Nickel(IH) Nitrate Hexqhy- 
dra te, N ickelo u s Ni tratę Hexa hydro te), NI (N O O 2 ■ 6 H 2 0— 
290.81 [13478-00-7]—Use ACS reagent grade, 

Nickel Sulfate, NISO, - ÓH 2 0—262.85 [7786-81 -4]—Pse 

ACS reagent grade. 

Nickel (I!) Sulfate Heptahydrate, N1S0 4 ■ 7H 2 0—280,9 
[10101-98-1]—Use a suitable grade. 

/J-Nicofinamlde Adenine Dinucleotide, C 21 H 27 N 7 O 14 P 2 — 
663,4 [53-84-9]—White, very hygroscopic powder Freely 

soluble in water, Use a suitable grade with a content of 
NLT 98%. 

Nrcotinamide Adenine Dinucleotide Phosphate-adeno- 
sine-S^triphosphate Mixture—Use a suitable grade. 
SUITABIUTY: When used in the assay of lactulose, deter- 
mine that a suitable absorbancewersus-concentration slope 
is obtained, using USP Lactulose RS, the reagent blank ab- 
sorbance being not morę than 0.020. The eommercially 
avaiiable reagent contains 64 mg of nieotmamide adenine 
dinucleotide phosphate and 160 mg of adenosine-5'- 
triphosphate per vial. The mixture is buffered and stabl- 
lized. For use in the Assay of lactulose it is diluted with 
water to 100 mL. 

Nlcotmic Acid—Use Niadn {U5P monograph). 

Ninhydrin, OH 4 O 3 * LhO—178.14 [485-47-2]—Use ACS 

reagent grade. 

Nitric Add, HN0 3 —63.01 [7697-37-2]—Use ACS rea¬ 

gent grade. 

Nitric Add, Diluted, HNO 3 [7697-37-2]—Dilute 143 ml of 
nitric acid with water to 1000 mL. 

Nitric Add, Fuming (90 Percent Nitric Add), HN0 3 —63,01 
[7697-37-2]—Use ACS reagent grade Nitric Acid, 90 Per¬ 
cent. 

Nitric Add, Lead-Free: Use ACS reagent grade. 

Lead: To 100 g add OJ g of anhydrous sodium carbonate 
and evaporate to dryness. Dissolve the residue in water, 
heating slightly, and dilute with the same solvent to 
50,0 inL. Determine the lead content by atomie absorption 
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spectrophotometry (see Atomie Absorption Spectroscopy 
(852)) measuring the absorbance at 283.3 nm or 217.0 
nm using a lead hoilow-cathode lamp and an ain-acetylene 
flame. ft contains not morę than 0/1 ppm of lead (Pb). 

Nitrte Oxide-Nrtrogen Dioxide Deteotor Tubę: A fuse- 
sealed glass tubę 50 deslgned that gas may be passed 
through it and containing suitable absorbing fllters and sup- 
ort media for an oxidiztng layer and the indicator diphenyl 
enzidine. 

Measuring RANCE: 0.3 to 10 ppm. 

[NOTĘ—Availabie from Draeger Safety, Inc, www. 
draeger.com, or from Gastec Corp., www.qastec.co.jp, dis- 
tributed in the USA by www.nextteq.com.] 

Nitnlotriacetic Acid, N(CH z COOH) 3 —191.14 
[139-13-9]—Use ACS reagent grade, 

S-Nitro-lJO-phenanthroline, C 1Z H 7 N 3 0 Z —225.20 
[4199-88-6]—Wbite powder. Soluble in water. 

Melting Rance (741): between 198° and 200°. 

Suitabiuty as Redok Indicator; Dissolve 25 mg in a mini¬ 
mum volume of diluted sulfuric add, add 10 mg of ferrous 
sulfate, and dilute with water to 100 mL: the solution is 
deep red in coior and exhlbits an absorption maximum at 
510 nm. To 1.0 ml of the solution add 1.0 mL of 0.01 M 
cerlc sulfate: the red cotor is discharged, 

4'-Nitroacetophenone (p^Nitroacetophenone), C a H 7 N0 3 —- 
165.15 [100-19-6]—Yellow crystals. 

Assay: Inject an approprEate ether solution of the speci- 
men (about 0.5 uL) into a suitable gas chromatograph (see 
Chromatogrophy (62^}) equipped with a thermal conduc- 
tivity detector, helium being used as the carrier gas. The 
fol łowi ng conditions have been found suitable: a 4-mm x 
1.8-m stainless Steel column containing 10% phase G1 on 
support SI A; the injection port and detector temperatures 
are maintained at 200 u and 300°, respectively; the column 
temperatura Es maintained at 170° and programmed to 
rise 3° per minutę to 220 c . The area of the 4'-ni- 
troacetophenone peak is not less than 97% of the to ta] 
peak area. 

MELTING Rance (741): between 78 Q and 80°. 

o-Nitroaniline, N0 2 QH.NH 2 —138.12 [88-74-4]—Or- 

ange-yellow crystals. Slightly solubfe in cold water; soluble 
in hot water; freely sobole in alcohof and in chloroform. It 
forms water-soluble salts with minerał actds. 

Melting Rance (741): between 71° and 72°. 

p-Nitroaniline, NOżCshhNHz—138.12 [100-01-6]— 

Bright yellow, crystalline powder. fnsolubię in water; sofuble 
In alconol and in ether. 

Melting Rangę (741): between 146° and 148°. 

SOLUBIUTY: Separate 1-g portions dissolve in 30 mL of ab 
cohof and in 40 mL of ether, respectlvely, to yield Solutions 
that are elear or practically so. 

Residue on Ignition (Reagent test); not morę than 0.2%. 

Nitrobenzeny C fi H 5 NOr-123.11 [98-95-3]—Use ACS 

reagent grade. 

p-Nitrobenzenediazonium Tetrafluoroborate, 
NCbOhbN^BR;—236,92 [456-27^9]—Yellow-goEd crystals. 

5ofuble in acetonitrile. [Caution: Shock-sensitive; keep 
refrigerated.] 

ASSAY: Transfer about 30 mg, accurately weighed, to a 
low-actinic, 100-mL volumetrlc fiask. Dissolve in 0.01 N 
hydrochloric acid, dilute with 0.01 N hydrochloric add to 
volume, and mix. Using low-actinic glassware, dilute 
2.0 mL of the resulting solution with spectrophotometrk 
grade methanof to 50.0 mL. Measure the absorbance of 
this solution rn a 1<m celi at about 255 nm, using metha¬ 
nol as the blank, Calculate the absorptivity of the solution 


by dlviding the measured absorbance by the concentration 
in g per mL. Calculate the assay va!ue by the formula: 

100a/59,4 

in whlch a is the absorptiwty of Lhe solution: not less than 
95.0% is found. 

4-Nitrobenzoie Acid (p-Nitmbenzoic Acid), C/H^NCL,— 
167.12 [62-23-7]—Use a suitable grade with a content of 

NLT 98%. 

p-Nitrobenzyl Bromide, NOiGhbChbBr—216,03—Almost 
white to pale yellow crystals, darkening on exposure to 
light. Practically insoluble in water; freely solubie in alcohol, 
in ether, and in gfaciaf acetic acid. Storę in tight, light-resis- 
fant contatners. 

Melting Rance (741): between 98° and 100 Q . 

SOLUBfLlTY: Separate 200-mg portions yield elear Solutions 
in 5 mL of alconol and in 5 mL of glacial acetic acid. 
Residue on Ignition (Reagent test): negfigible, from 
200 mg. 

4-(p-Nitrobenzyl)pyridine, C^HioN^O?—214.22 
[1083-48-3]—Yellow crystals. Soluble in acetone. Use a suit- 
abie grade with a content of not less than 98%. 

Nitrogen Certified Standard—A suitable NLT 99.99% ni- 
trogen certified standard is avai labie from most suppliers of 
specialty gases. 

Nitromethane, CHjNO,—61.04 [75-52-5]—Use ACS rea¬ 

gent grade. 

Nitroso R Salt (1 -Nitroso-2-naphtho!-3,6 disodium 
Disuifonate), NOCmH^OHfSOiNa),—377.26 [525-05-3]— 

Yellow crystals or crystalline powder. One g dissotves in 
about 40 mL of water; insoluble in alcohol. 

SENSITIYENESS: Dissolve 500 mg of sodium acetate in a so¬ 
lution of 0.4 mg of cobaltous chforśde (0.1 mg of co bałt) 

In 5 mL of water, Add 1 mL of diluted acetic acid, and 
follow with 1 mL of a solution of the nitroso R salt (1 in 
500): a red color, which is produced at once, persists 
when the solution Is boiled with 1 mL of hydrochloric acid 
for 1 minutę. 

l-Nltroso-2-naphthoJ, CmH 7 NO,—173.17 [1 31 -91 -9]— 
Brown to yellowish-brown powder, Insoluble in water; solu¬ 
ble In alcohol, In benzene, in ether, in carbon tetrachlonde, 
and in acetic acid. 

Assay: Transfer about 250 mg, previously dried over silica 
gef to constant weight and accurately weighed, to a glass- 
stoppered fiask, and dissolve in 10 mL of sodium hydrox- 
ide solution (1 in 10). Cool the soiution in an ice bath, 
add dilute sulfuric acid (1 in 6) until a sllght, permanent 
precipitate h formed and the solution is slightly acid, then 
add 3 g of pofasslum iodide, shake to dissotve, add 20 mL 
of diiute sulfuric acid (1 in 6), immediately Insert the stop¬ 
er in the fiask, and allow to stand in the dark for 2 hours. 
i tratę the libera ted iodine with 0,1 N sodium thiosuffate 
VS, adding 3 mL of starch T5 as the endpoint is ap- 
proached. Perform a complete blank determination, and 
make any necessary correction. Each mL of 0.1 N sodium 
thiosulfate is equivalent to 8,66 mg of Ci 0 H 7 NO z : not less 
than 95.0% Is found. 

Melting Rance (741): between 1Q9 D and 111°. 

Resjdue on Ignition (Reagent test): not morę than 0.2%. 

Nitrous Oxide Certified Standard [10024-97-2]—A Con¬ 
tainer of 99.9% nitrous oxide. It is avallable from most sup- 
pliers of specialty gases. 

Nonadecane, C^o—268.52 [629-92-5]—White solid. 
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Assay; Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography {621)) equipped with 
a thermal conductmty detector, helium being used as the 
carrier gas. The following conditions have been found suit¬ 
able: 3-mm x 1.8-m stainless Steel column containing 5% 
phase G2 on support 51 AB; the injection port temperaturę 
is maintained at 330°; the detector temperaturę is main- 
tained at 300°; and the oven temperaturę is held initially 
at 190° and alfowed to rise gradually to 250°. The area of 
the nonadecane peak is not less than 99% of the total 
peak area. 

Meltinc Rance (741): between 31.5° and 33.5°. 

Nonanok Add, C^HuGr—158,24 [112-05-0]—Clear, 

colorless to faint yellow liquid. Misdble with water and with 
methanol. 

Assay: Accurately weigh about 500 mg, transfer to a suit* 
able Container, add 30 ml of water, and mix. Add 40 mL 
of water, and mtx. Add phenolphthalein TS, and titratę 
with 0,1 N sodJum hydroxfde VS, Each mL of 0.1 N so¬ 
dium hydroxide is equlvalent to 15.82 mg of C 9 Hi S 0 2 : not 
less than 96.0% of is found. 

Reeractive Index (831): about 1.432 at 20°. 

Nonionic Wetting Agent: Use a suitable amphoteric 
surfactant. 

[Notę—A suitable grade is commercially avaflable as Triton 
X-100 or Octoxynol 9,] 

Nonoxynol-9 (łgepal CO-630, Semitid, Stoycept; Tergitol TP- 
9, $terox), (C ? H 4 0)nC, 3 Hi-*O— [26027-38-3]—Use a suitable 
grade. 

1-NonyJ Alcohol (1-Nonanoł), CH 3 (CH 2 )«OH—144.25 
[143-08-8]—Colorless liąuid. 

Assay: Not less than 97% of GgHUO rs found, a suitable 
gas chromatograph equipped with a flame-tonization de- 
tector and helium being used as the carrier gas at a flow 
ratę of about 40 mL per minutę. The following conditions 
have been found suitable: a 3.2-mm x 1.83-m stainless 
Steel column packed with 20% phase Cl 6 on support 
51 A; the injection port, column, and detector tempera- 
tures are maintained at about 250*, 160°, and 310°, re- 
spectively, 

Refractive Index (831): between 1.432 and 1.434 at 20°, 

n-Nonylamine (1-Aminononane), C 9 N 21 N—143,27 
[112-20-9]—Use a suitable grade, 

Nonylphenol PolyoxyethyIene Ether, (CH 3 ) 3 CCH 2 C 
(CH 3 ) 2 CH 2 C 6 H. t Q(CH 2 CH 2 0 )AH, where x is approximately 40 
to 1900-2100 [9016-45-9]—White solid; melts at approxi- 
mately 44Use a suitable grade. 

Nonylphenoxypoły(ethy leneoxy)ethanol—C lear, viscous, 
pale yellow liquid. May exhibit slight solidification on cool- 
ing; warming with agitation will restore to original condi- 
tion. Density: about 1.06. Soiuble in alcohol, in xylene, and 
in water. Suitable for use in gas-lkfuid chromatography, 
[NOTĘ—A suitable grade is "Igepai CO 710," availabfe 
from General Anilinę and Film Corp., 140 West 51 st St, 

New York, NY 10020.] 

Normal Butyl Alcohol—See Butyl AkohoL 

Normal Butylamine—See n-Butylamine . 

rr-Octadecane, CHi(CH 2 ) l6 CH 3 —254.49 [593-45-3]—Use 

a gas chromatographic standard with a content of not less 
than 99.5%. 

Octadecyl Silane 118623-11-5]—This reagent is formed in 
situ by reaction of the column support with a suitable silylat- 
ing agent such as octadecyf trichlorosilane. 


Octanesulfonic Add Sodium Salt (Sodium 1-octanesulfon- 
ate), CsH,?NaChS, C A H t 7Na0 3 5 ■ H 2 0—216,27, anhy- 
drous; 234.27, hydra te [5 324-84-5, a nhydrous; 

207596-29-Q,hycfrate]—Use a suitable grade with a content 
of NLT 99.0%, 

1-Octanol (Alcohol C8; Capryl Alcohol; Octyl Alcohol), 
CiHisO—130.23 [111 -87-5]—Use AC 5 reagent grade. 

Octanophenone, CmH 2 qO— 204.31 [1674-37-9]—Color¬ 

less liguid. 

Assay 

Mobile phase: Prepare a flltered and degassed mixture 
of acetonitrile and water (7:3), 

Procedurę: Inject about 20 pL into a suitable liquid 
chromatograph (see Chromatography (621)) equipped 
with a 254-nm detector and a 4.6-mm x 15.0-cm col- 
umn that contains packing LI. The flow rafę is about 
2 mL per minutę. The area of the CnhhoO peak is not 
less than 99% of the total peak area. 

REFRACTWE Index (831): 1.5043 at 20°. 

Octoxynol 9: see Nonionic Wetting Agent 

(p-terf-Octylphenoxy) nonaethoxyethanof, C^H 62 On— 
646.85—Use a suitable grade. 

[Notę—A suitable graae is available commercially as 
"Tergitol Nonionic NPX," and as "Triton NI 01/' from rea¬ 
gent suppliers,] 

(p-tert-Qctylphenoxy)polyethoxyethanol—Use a suitable 
grade. 

[Notę— A suitable grade is available commercially as "Tri¬ 
ton 100" from reagent suppliers,] 

Octyl Sulfate, Sodium Salt, CeHuO^SNa—232.27—White 
powder. 

Solubility: A 2-g portion dissolves in 100 mL of water. 
Meltinc Rance {741): between 195° and 197°, with de- 
composition. 

Odorless Absorbent Paper—See F/7ter Paper , Quantitative, 

Olefin Detector Tubę: A fuse-sealed glass tubę so de¬ 
signer! that gas may be passed through it and containing 
suitable absorbing rilters and support media for the indica- 
tor tn a sta bilizecfform of permanganate. 

Measuring Rance: 0,06 to 3.2 VqL-% Propylene, 0,04 to 
2.4 VoL-% Butylene. 

[NOTĘ—Availabie from Draeger Safety, Inc., www. 
draeger.com.] 

OHgo-deoxythymidine—Polymeric length: 18, Use a suita¬ 
ble grade. 

[NOTĘ—A suitable grade is available Tom BD Biosdences, 
www,bdbiosciences.com,] 

O rangę G (the sodium salt of ozobenzene-betanaphthol 
disulfonk add), C6H s N:NCioH4(OH)(S0 3 Na)2-2,6 y Ś—452.37 
[1936-15-8]—Orange to bhck-red powder or dark red crys- 
tals, Readiiy soiuble in water, yielding an orange-yellow so- 
lution; sligntly soiuble in alcohol; insoluble in ether and in 
chloroform. The addition of tannic add TS to its 1 in 500 
solution causes no precipitation (add color). The addidon of 
hydrochloric add to a mixture of 500 mg of zinc dust and 
10 mL of its 1 in 500 solution produces decoforization, 

When filtered, the colorless fil tratę, on standing exposed to 
air, does not regain its original color (presence of azo-gmup). 
When heated, orange C does not deftagrate (distinction 
from nitro colors). The addition of barium or calcium chlo- 
rtde TS to a concentrated solution of orange G produces a 
colored, crystalline predpitate. The addition of hydrochloric 
acid to its 1 in 500 solution produces no change; the addi¬ 
tion of sodium hydroxide TS to a similar solution produces a 
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yellowish red to a Bordeaux color but no precipitation. Or- 
ange C dissolves in sulfuric acid with an orange to yeflow- 
ish-red colon No change in color results upon diluting the 
solution cautiously with water, 

Orcinol (5-Methylresorcinol% C 7 Hb0 2 ■ H 2 0—142,15 
[6153-39-5]—White to fight tan crystals, 

ASSAY: Transfer about 60 mg, accurately weighed, to a 
100-mL volumetnc fiask, dissolve in methanol, dilute with 
methanol to volume, and mix. Transfer 5,0 ml of this solu¬ 
tion to a 50-mL voiumetrk fiask and dilute with methanol 
to voIume, and mix. Usfng a suitable spectrophotometer, 
1-cm cells, and methanol as the blank, record the absorb- 
ance of the solution at the wavelength of maximum ab- 
sorbance at about 273 nm. From the observed absorb- 
ance, calculate the absorptMty (see Ułtravbfet-Visible 
Spectroscopy (857)); the absorptMty is not less than 13,2, 
corresponding to not less than 98% of C7H e 0 2 ■ H 2 0. 
Meltinc rance (741): between 58° and ól Q , 

Orthophenanthrolme—See 1 f 10-Phenanthroiine, 

Osmium Tetroxide (Osmic Acid; Perosmic Anhydride), 

Os0.i—254,23 [20816-12-0]—Use AC5 reagent grade. 

Oxalic Acid, H 2 C 2 0 4 ■ 2H 2 0—126.07 [6153-56-6]—Use 

AC5 reagent grade, 

3,3'-OxydipfopFonitrile, 0(tH 2 CH 2 CN) 2 —124.14 
[1656-48-0]—Clear, colorless to slightly yellow ligutd. Re- 
fractive index: about 1.446 at 20°, 

BOiUNG Rance: between 1 74 ° and 176° at 10 mm of 
mercury. 

Oxygen Certified Standard—A suitable NIT 99.99% oxy- 
gen certified standard is available from most suppliers of 
specialty gases. 

21% Oxygen Certified Standard—A suitable certified stan¬ 
dard mbdure of 21,0 ± 0.3% absolute oxygen in nitrogen is 
avarlab!e from most suppliers of specialty gases. 

93% Oxygen Certified Standard—A suitable certified stan¬ 
dard mixture of 93.0 ± 0,1% absolute oxygen in nitrogen is 
available from most suppliers of specialty gases. 

Oxygen-Heiium Certified Standard—A mixture of 1 .0% 
oxygen in industriai grade helium. It is available from most 
suppliers of spedalty gases. 

Packings for Migh-Pressure Liguid Chromatography—See 
packings for high-pressure liguid chromatography in Chro¬ 
ma tog raphy (621), Chromatographic Reagents, 

Palladium Catalyst—Use a suitable grade. 

[Notę— A suitable grade is availabie commercially as "Pal¬ 
ladium Catalyst, Type 1 (5% Palladium on Calcium Carbon- 
ate)," from Engelhard Industries, Inc,, fax number (864) 
885-1375.] 

Palladium Chloride, PdCI 2 —17733 [7647-10-1]— 

Brown, crystalline powder. Soluble In water, in alcohoJ, in 
acetone, and in diluted hydrochloric acid. 

Assay: Dissolve 80 mg, accurately weighed, in 10 mL of 
diluted hydrochloric acid, dilute with water to 50 mL, and 
add 25 mL of a 1 in 100 solution of dimethy!glyoxime in 
alcohol. Altów to stand for 1 hour, and Filter. Check for 
complete precipitation with the dimethylgfyoxime solution. 
Ignite the preerpitate m a tared platinum crucrbJe at 850° 
for 2 hours, cooi, and weigh the palladium. The weight: of 
the reskiue is not less than 59.0% of the weight of the test 
spęd men. 

Palladous Chloride—See Palladium Chloride , 


Pancreatrc Digest of Casein (a bacteriological peptone; 
Tryptone) —A grayish-yellow powder, having a characteristic, 
but not putrescent, odor. Freely soluble in water; insoluble 
in alcohol and In ether. 

Loss on Dryinc (731) 

Analysis; Dry at 100° to constant weight 
Acceptance criteria; NMT 7.0% 

Residue on Ignition (281) 

Analysis: Ignite 500 mg with 1 ml of sulfuric acid. 
Acceptance criteria: NMT 75 mg (15%) 

MlCROSlAL Content: NMT 10 4 cfu/g 
Nitrogen Content (Reagent test) 

Analysis: Determine by the Kjeldahl method. 
Acceptance criteria: 9.0%-14.0% is found 
Amino Nitrogen: 5.0%-5.6% 

Pancreatm [8049-47-6]—Use a grade of panereatin which 
meets the USP reciulrements for amyfase, lipase, and prote- 
ase actMties spedfied for the officiaf substance. 

Papaic Digest of Soybean Meal—A soluble nutrient mate¬ 
ria! prepared by the actlon of the enzyme papai n on soy¬ 
bean meal folfowed by suitable purificatton and coneentra- 
tion. It contatns fermentable carbohydrates. 

Loss on Dryinc (731) 

Analysis: Dry it at 100 q to constant weight. 

Acceptance criteria: NMT 7.0% 

Residue on Ignition (Reagent test) 

Analysis: Ignite 500 mg with 1 mL of sulfuric acid. 
Acceptance criteria: NMT 75 mg (15.0%) 

MlCROBIAL CONTENT: NMT 10 4 cfu/g 
Nitrogen Content (Reagent test) 

Analysis; Determine by the Kjeldahl method, using a 
test specimen previousiy dried at 105 c to constant 
weight. 

Acceptance criteria: NLT 8.5% is found. 

Amino Nitrogen; l,8%-3.2% 

Paper, Odorless Absorbent—See Filter Paper, QuantftOtive. 

Para-a mrnobenzoic Acid (p-Amtnobenioic Acid), 
HbNGhhCOOH—137.14 [150-13-0]—Wbite or slightly 

yellow crystals or crystalline powder, becoming dlscolored 
on exposure to air or light. One g dissolyes in 1 70 mL of 
water, in 9 mL of boi ling water, jn 8 mL of alcohol, and in 
50 mL of ether. Freely soluble in Solutions of alkalt hydrox- 
Jdes and carbonates; soluble in warm glycerin; sparingly sol¬ 
uble in diluted hydrochloric acid; slightly soluble in chloro¬ 
form. Storę In tight, light-resistant containers. 

Assay: Accurately weigh about 300 mg, previously dried 
at 105° for 2 hours, and transfer to a beaker or casserole, 
Add 5 mL of hydrochloric acid and 50 mL of water, and 
stir until dissoh/ed. Cool to about 15 D , add about 25 g of 
crushed ice, and slowly titrate with 04 M sodium nitrite 
V5 until a głass rod dipped Into the titrated solution pro- 
duces an Immediate blue ring when touched to starch io- 
dide paper. When the titration is complete, the endpoint is 
reprodudble afler the mixture has been allowed to stand 
for 1 minutę. Each mL of 0.1 M sodium nitrite is equiva- 
ient to 13.71 mg of C 7 H ? N0 2 . Not less than 98.5% is 
found, 

Melting Rance (741): between 186° and 1S9 D . 

LOSS ON DRYINC (731): Dry it at 105° for 2 hours: it loses 
not morę than 0.2% of its weight. 

Residue on Ignition (Reagent test): not morę than 0.1%. 

Paraformaldehyde, (CH 2 0) rt [30525-89-4]—Fine, white 
powder. 

Assay; Transfer about 1 g, accurately weighed, to a 
250-mL conical fiask containing 50.0 mL of 1 N sodium 
hydroxide VS, and mix by swirTing, Immediatefy, and 
slowly, add 50 mL of hydrogen peroxide TS, previously 
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neutralized to bromothymol blue, through a smali funnel 
placed in the neck of the fiask* After the reaction moder- 
ates, rinse the funnel and inner wali of the fiask with 
water, allow the solution to stand for 30 minutes, add 
bromothymol biue TS, and titratę the excess alkali with 
1 N suffuric add VS. Each mL of 1 N sodium hydroxide is 
equivalent to 30.03 mg of HCHO: not less than 95% is 
found. 

Residue on Ignition: not morę than 0*1%. 

SOLUBILITY in Ammonia; Dissolve 5 g in 50 mL of ammo- 

nia TS: a practically elear, colorless solution results. 
Reaction: Shake 1 g with 20 mL of water for about 
1 minutę, and f liter: the filtra te is neutral to litmus. 

Pectate Lyase [9015-75-2]—An enzyme obtained from As¬ 
pergillus sp. Light brown, viscous liquid. Spetifit gravity is 
about 1.5* It is readily soluble in water* It is supplied at 
approximate3y 14 umts per mL at pH 8.0 in Tns-HCI buffer 
[50 mM of Tris(hydroxymethyl)aminomethane containing 
1 mM of CaCI 2 , pH 8.0] in a solution of 50% glycerol and 
0.02% sodium azide* One unit ts defined as the enzyme 
activity that produces 1 jumol of unsaturated product per 
minutę* 

ACTJVITY 

Pectin solution: Transfer a quantrty of Pectin, equiva- 
lent to 0.05 g on the dried basis, to a 100-mL volumetric 
fiask. [Notę—P ectin has a molecular weight of 103,000 
Da; its degree of esterification (percentage of galactu- 
ronić acid groups substituted with methyl) is 12*] Mois- 
ten with 0*1 mL of 2-propanol. Add 50 ml of water to 
the fiask, and mix the solution with a magnetic stirrer, 
Use 0*5 N sodium hydroxide to adjust the solution to a 
pH of 12. Stop the stirrer, and allow the solution to 
stand undisturbed at room temperaturę for 15 minutes. 
Adjust the solution with 0*5 N hydrochloric add to a pH 
of 8.0. Difute with water to volume. 

Iris buffer solution: Transfer 6.055 g of Tns(hydroxy- 
methyl)aminomethane and 0.147 g of calctum chioride 
to a 1000-mL vo!umetnc fiask containing 950 mL of 
water, and mix. Adjust the solution with 1 N hydrochloric 
acid to a pH of 8.0. Dilute with water to vo!ume. 

Diluted pectate lyase: Transfer 0.5 mL of Pectate Lyase 
to a 50-mL yolumetric fiask, dilute with Tris buffer solution 
to volume, and mix* 

Procedurę: Add the Solutions set forth In the table be- 
low to quartz cuvettes* 


Label 

Trb 

Buffer 

Solution 

(mU 

Pectin 

Solution 

(mL} 

Diluted 

Pectate 

Lyase 

(ntU 

Water 

(mL) 

Enzyme blank 

0.5 

1.0 

0 

1.0 

Test blank 

0.5 

0 

0.5 

1.5 

Test solution 

0*5 

1.0 

0.5 

0*5 


Perform the test on the Solutions so obtained, using a 
suitable UV-Vis spectrophotometer (see Ultravblet-Visible 
Spectroscopy (857)} and using water as the blank* Mix the 
Solutions well at time 0, and immediately measure the 
absorbances at 235 nm. Record the value for the Enzyme 
blank , Ao-b ; for the Test blank , Ae>_tb ; and for the Test 
solution , Ao n ■ After ineubation at room temperaturę for 
30 minutes, determine the absorbance again at 235 nm 
for the Enzyme blank , Ai D . E s ; for the Test hlank t A^ T e ; 
and for the Test solution, Aeo-ts - One unit is defined as 
the enzymatte activity that produces 1 pmo! of unsatu¬ 
rated product from pectin per minutę. Calculate the Pec¬ 


tate Lyase activity, in units per mL, using the following 
formula: 

50(10 s )[(Ajo_ts — Abo-eb — Abd-tb) — (Ao*.ts — Aa-ta — Ao-tb)]/ 
30E 215 L 

in which 50 is the volume, in mL, of Diluted pectate lyase; 
1 0 1 is the unit conversion factor; 30 is the time, rn min¬ 
utes, of the reaction; Em is the molar extinction coeffi- 
cient, in M 1 cm- 1 , of the reaction product (4600 M - 1 cnr 
T ); and L is the path tength, in cm, of the reaction 
cuvette (1 cm). A!ternatively, these Solutions, after being 
mixed in the cuvettes, can be immediately measured at 
235 nm continuously in a recording UV-Vjs spectropho¬ 
tometer set up for kmetic assays. The result is obtained 
by correcting the blank determination, using the Enzyme 
blank and the Test blank. 

Penicillinase—See Beta-lactamose. 

Pentadecane, C T5 H 32 —212.41 [629-62-9]—Colorless Uq- 

uld* 

ASSAY: Inject an appropriate specimen into a gas chro- 
matograph (see Chromatoaraphy (621)) eguipped with a 
ffame-ionization detector, "helium being usea as the carrier 
as. The following conditions have been found suitable: a 
*25-mm x 30-m capillary column coated with a 1-pm 
layer of phase G 2; the mjection port temperaturę is main- 
tained at 280°; the detector temperaturę is maintained at 
300°; and the column temperaturę ts maintained at 180° 
and programmed to rise 10 ° per minutę to 280°. The area 
of the CisHjj peak is not less than 99% of the total peak 
area* 

REFflACTiVE Index <831): between 1*430 and 1*434 at 20°. 

1-Pentadecanol (Pentadecyt Alcohol, n-Pentadecand), 
C 15 H 32 O—228*41 [629-76- 5]—Use a suitable grade with a 

content of NLT 98%. 

Pentafluoropropanoic Add ( Pentafluoropropionic Acid), 
CiHFsOj—164,03 [422-64-0]—Use a suitable grade with a 

content of NLT 97%* 

Pentane (n-Pentone), C 5 H) 2 —72,15 [109-66-0]—Clear, 

colorless, ffammabfe ltquid. Very slightly soluble in water. 
Miscible with alcohol, with ether, and with many organie 
solvents* Spedfic gradty: about 0,62. 

Boiling Rance (Reagent test): Not less than 95% distills 
between 34 a and 36 c , 

1- Pentanesuifonic Acid Sodium Salt—See Sodium 1-Pen* 
tanesulfonate , 

2- Pentanone, CshhoO—86*13 [107-87-9]—Use a suitable 

grade* 

Pepsin [9001-75-6]—Use Pepsin (Enzyme Preporations ) (FCC 
monograph), having an actwity of 1.0 to 1.17 Pepsin units 
per mg. Pepsin of higher aetivity may be reducea to this 
activity by admixture with pepsin of lower activity or with 
lactose. 

Pepsin, Purified—A white or yellowish-white powder, 
spongy mass, or translucent scales or granules, Freely solu¬ 
ble in water, producing morę or less opalescence; practicafly 
insoluble in alcohol, in chloroform, and tn ether. Purified 
Pepsin used in the second tier of the Dissoluthn test has an 
activity that is determined by the following method. 

Activity 

Pepsin solution: Transfer about 2.5 mg of Purified Pep¬ 
sin, accurately measured, to a 100-mL volumetnc fiask, 
dilute with 10 mM hydrochloric acid to volume, and 
mix. [Notę —Prepare immediately before use.] 
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2.0% Hemoglobin solution: Dtssofve and dllute 2.5 g 
of bovine hemoglobin with water to 100 mL. Dilute 
80 mL of this solution with 0.3 M hydrochlorie add to a 
vo!ume of 100 mL. 

Tnchloroacetk add solution: Dilute 5 g of trichloroa- 
cetic acid with water to 100 mL. 

Test Solution: Transfer 5.0 mL of 2.0% Hemoglobin solu¬ 
tion to a suitable Container equlllbrated at 37°. Add 
1.0 mL of Pepsin solution , mlx by swirllng, and incubate 
at 37 Q for 10 minutes. Immediately add 10.0 ml of Tri- 
chloroacetic add solution , mjx by swirling, and incubate at 
37° for 5 minutes. Pass through a fiiter navlng a 0.8-^im 
or finer porosity. 

Control solution: Transfer 5.0 mL of 2.0% Hemoglobin 
solution to a suitable Container eguilibrated at 37°. Mix 
by swirling, and incubate at 37° for 10 minutes. Immedi- 
atefy add 10.0 mL of Trichioroocetic add solution and 
1.0 mL of Pepsin solution, mrx by swirling, and incubate 
at 37° for 5 minutes. Pass through a fiiter having a 0.8“ 
jam or finer porosity. 

Procedurę: Determine the absorbances of the Test solu¬ 
tion and Contro/ solution t In 1-cm ceils, at a waveleng:h 
of about 280 nm, using water as the reference. Calculate 
the activity of the portion of Purified Pepsin taken by the 
formula: 

lO.OOOCAu - Ac) 

in which A u and A c are the absorbances of the Test solu¬ 
tion and the Control solution , respectlvely. 

Peptic Digest of Animal Tissue (a bacteriologlcal pep- 
tone)—Tan powder, having a charactenstic, but not putres- 
cent, odor. Soluble in water; insoluble in alcohof and In 
ether. An autociaved solution (2 in 100) ts elear and is neu- 
tral or nearly so in Its reaction, 

Loss on Drying (731) 

Analysis: Dry at 100° to constant weight. 

Acceptance criteria: NMT 7*0% 

Resjdue on Ignition (281) 

Analysis: Ignite 500 mg with 1 mL of suffuric add. 
Acceptance criteria: NMT 75 mg (15%) 

MIC ROBI AL CONTENT: NMT 10 4 cfu/g 
NlTROGEN CONTENT 

Analysis: Determine by the Kjeidahl method, using a 
test spedmen previously dried at 105 Q to constant 
weight. 

Acceptance criteria: Between 9*0% and 14.0% 

Amino Nitrogen: 2.7%-3.7% 

Peptone, Dried (Meat Peptone) —Reddish-yeflow to brown 
owder, having a charactenstic, but not putrescent, odor. 
oluble in water, forming a yeflowish-brown solution having 
a slight acid reaction; insoluble in alcohol and in ether. 
NlTROGEN COMPOUNDS (Reagent test): Determine by the 
Kjeidahl method, using a test specimen previousły dried at 
105 c to constant welgnt: between 12% and 18% of nitro¬ 
gen is found. 

Residue on iGNiTtON (Reagent test): Ignite 500 mg with 
1 mL of sulfuric acid: the residue weighs NMT 75 mg 
(15.0%). 

Loss on Drying (731): Dry it at 105° to constant weight: 
it foses NMT 7.0% of its weight 

Coagulable Protein: Heat a filtered solution (1 In 20) to 
boilfng: no predpitate forms. 

Microbial Content: NMT 10 4 cfu/g 

Perchloric Acid (70 Percent Perchloric Add), HCJO 4 — 

100.46 [7601-90-3]—Use AC5 reagent grade (containing 

between 69.0% and 72.0% of HCICb). 


Periodic Acid, H 5 I0 6 —227.94 [1 0450-60-9]—Whlte to 
pale yellow crystals. Very soluble in water. Undergoes slow 
decomposition to iodic acid. Use AC5 reagent grade, 

Petroleum Benzin—See Hexane, Solvent. 

Phases for Gas Chromatography—See phases for gas chro¬ 
ma to grap hy In Chromatograpny (621), Chromatographic 
Columns. 


Add the fottowmg: 

*(/?)-(-) -a -Phejjindrene ((-)-p-Mentha- 1,5-diene, (R)-S-lso- 
prapyh2-methyl-cydohexa- 1,3-aiene, (R)-5-!sopropyi-2-melhyT 
1 / 3-cydohexadieneh C.ioHw—136.23 [4221 -98-1 ]—Use a 

suitable grade with a GC chromatographic purity of NLT 
95% (sum of enantiomers).At/.wo 

Phenacetin [62-44-2]—Use a suitable grade. 

1,10-Phenanthrolme (Orthophenanthroiine), Ci 2 H E N 2 - 
H 2 0~198.22 [5144-89-8]—Use ACS reagent grade. 

o-Phenanthroltne Monohydrochforide Monohydrate, 

C 12 HaN 2 ■ HC1 ■ H z O—234.69 [3829-86-5]—Use a suitable 

grade, 

Phenof [108-95-2]—Use ACS reagent grade. 

Phenol Red, Sodium, C^H^OsSNa—376.4 
[34487-61 -1 ]-—Red to brown powder. Use ACS reagent 
grade. 

Phenolsulfonphthalem—Use Phenol Red (see Indicators 
under Indicators and indicator Test Pa pers), 

Phenoxybenzamine Hydrach loride [N-(2-ChIoroethyl)-N- 
(1 -methyl-2-phenoxyethyl)benzylamine Hydrochloride], 
CmHzzClNO ■ HO—340.29 [63-92-3]—White, crystalline 

powder, 

Melting Rangę (741): between 137 e and 140°. 
Absorptivity: its absorpth/Ity, 1%, 1 cm, in the rangę of 
272 nm to 290 nm, in chloroform solution is about 178, 

3-Phenoxybenzoic Acid, CtjHtoO^— 214.22 
[3739-38-6]—Use a suitable grade. 

Melting Rangę (741): between 149° and 150°. 

2-Phenoxyethanol CdHsOCH 2 CH 2 OH—138.16 
[122-99-6]—Colorless, slightly viscous liguld, Soluble in 
water. MIsdble with alcohol, with acetone, and with glyc- 
erin. Denslty: about 1.107. 

Assay: To 2 g, accurately weighed, add 10 mL of a freshly 
prepared solution madę by dissolvtng 25 g of acetic anhy- 
dride in 100 g of anhydrous pyridine, Swirl to mlx the liq- 
uids, heat on a steam bath for 45 minutes, add 10 ml of 
water, heat for 2 addltional minutes, and cooi. Add IGmL 
of normal butyl alcohol, shake vigorously, add phenol- 
hthalein TS, and t i tratę with 1 N sodium hydroxide VS. 
erform a biank test using the same quantities of the same 
reagents, and in the same manner, and make any neces- 
sary correction, Bach mL of 1 N sodium hydroxide Is equiv- 
alent to 1 38.2 mg of CaHio0 2 . Not less than 99% is found, 
PHENOL: Add 0,2 mL of It to 20 mL of water, mix, and to 
5 mL of the mixture add 0.2 mL of Miflon's reagent. Warm 
the solution at 60° for 90 seconds, and allow to stand: no 
pink or red coior Is produced within 1 minutę, 

Phenyl Ether—See Diphenyl Ether , 

Phenyl Isocyanate, C ó H,NCO—119.12 [103-71-9]— 

Clear, colorless to straw-yeilow liguid of medium yolatility. 
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[Caution: Phenyl Isocyanate is a violent lacrimator, and 
the vapor is highly toxic. Handle with care.j 
Assay: Transfer 250 mg, accurately weighed, to a gfass- 
stoppered, 25 0-mL fiask. Exerdse care to avoid loss by vol- 
atilizatlon, and avoid breathtng the vapor Add 20 mL of 
butylamine solution (25 g of bu tyła minę diluted to 
1 000 mL with dioxane previou$ty dried over potassium hy- 
droxide pellets), insert the stopper in the fiask, and allow 
to stand for 15 minutes. Add a few drops of methyl red TS 
and 25 ml of water, and titrate the exeess aminę with OJ 
N sulfuric acid VS. Perform a blank titration on 20 ml of 
the bu tyłami ne solution (see Residual Titrations (541)), Sub- 
tract the volume of 0.T N sulfuric add consumed in the 
test specimen titration from that consumed in the blank 
titration, Each mL of 0.1 N sulfuric add, representing this 
difference, is equivalent to 11,91 mg of C ń H 5 NCO: not less 
than 97.0% of C Ć H 5 NC0 is found. 

2-Phenylacetamide (a-Phenylacetamide), QH^NO—135.16 
[103-81-1]—Bimorphous plates or leaflets, Slightly soluble in 
water, Use a suitable grade, 

Melting RANGĘ (741): between 156 c and 158°. 

dZ-Phenylalanine, C^HuNOz—165*19 [150-30-1]—Use a 

suitable grade. 

L-Phenylalanine ((S)-2-Amino-3-phenylpropionic add% 
C»HnN02—165,19 [63-91-2]—Use a suitable grade with a 

content of NLT 98%. 

o-Phenyienediamine Dihydrochloride, CóH b Nz * 2HCI— 
181*1—White powder, 

Assay: When tested by thin-layer chromatography, with 
the use of plates eoated with chromatographic sillca gel 
mfxture and a developing system consisting of a mixture 
of butyl alcohol, water, and acetic acid (12:5:3), and ex- 
amined under short-wavelength UV light, a single spot is 
exhibited, with tracę impurities. 

p-Phenylenediamine Dihydrochloride —See p-Phenylenedb 
aminę Hydrochforide. 

p- Ph e ny I en e d i a m i n e Hy d ro c h I o ri d e (7,4- Diamin obenzene 
Dihydrochloride), CdHsNz * 2H Cl—181.06—Wbite to pale tan 
crystals or crystallrne powder, turning red on exposure to 
air. FreeJy soluble in water; slightly soiuble in alcohol and In 
ether, Preserve in weILcIosed containers, protected from 
light. 

Insoluble Matter: Dissolve 1 g in 10 mL of water: the so¬ 
lution is elear and complete, 

Molar ABSORPTwriY (see Ultraviolet* Visible Spectroscopy 
(857)): Disso!ve 60 mg in 100,0 mL of water, and mix. 
Pipet 2 mL of this solution into a 50-mL volumetric fiask, 
dilute with pH 7 buffer solution to volume, and mix. The 
molar absorptivity of this solution, at 239 nm, is not less 
than 9000, 

Phenylglycine (d (-) -2 - Phenylglycin e) , 

(C fp H^CH(NH 2 )COOH)—151,17 [875-74-1 ]—Use a suita¬ 

ble grade. 

Phenylhydrazine, C^HiNHNHz—108,14 [100-63-0]—A 

colorless, or slightly yellowish, highly refractive liquid. 
[Notę— Protect from light, and dTstifl under reduced pres- 
surę shortly prior to use.] 

CONGEAUNC Temperaturę (651): not below 16°. 

Insoluble Matter: Shake 1 mL with 20 mL of diluted ace¬ 
tic acid: the resulting solution is elear or practically so, 
Residue ON IGNITION (Reagent test): Ignite 1 mL with 
0.5 mL of sulfuric acid: the residue weighs not morę than 
1 mg (0.1%), 

Phenylhydrazine Hydro chlortde, CńHsNHNHj- HCł— 
144.60 [59-88-1]—White or yellowish crystals or powder. 


Soluble in water and in alcohol. Storę in tight containers, 
protected from light Use a suitable grade with a content of 
not less than 99%. 

Phenylmethylsulfonyf Fluoride, OHzFO^S—174.2 
[329-98-6]—White to falnt yellow powder, Use a suitable 
grade. 

[Notę—A suitable grade is available from Sigma-Aldrich, 
www.sigma-aldrich.com.] 

3-Phenylphenol (m-PhenylphenolX CsHsCe^OH—170,21 
[580-51-Ś]—White to off-white, crystalline powder. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) eąuipped with 
a flame-ionization detector, helium being used as the car- 
rter gas, The following conditions have been found suita¬ 
ble: a 0.25-mm x 30-m capillary column eoated with G1; 
the injection port temperaturę is maintained at 250°; the 
column temperaturę is maintained at 150° and pro- 
grammed to rlse 15° per minutę to 250 n ; and the detector 
temperaturę is maintained at 310°. The area of the 
3-phenylphenol peak is not less than 98% of the to tal 
peak area. 

Melting Rance (741): between 76° and 79°. 

Phlorogludnol, C*H*(OH)j * 2H 2 0—162,14 
[6099-90-7]—White or yellowish-white crystals or a crystal¬ 
line powder. Soluble in alcohol and in ether; slightly soluble 
in water. 

Insoluble in Alcohol: Dissolve 1 g in 20 mL of alcohol: a 
elear and complete solution results, 

Meltinc Rance, Class la (7 41): between 21 5° and 219°. 
Residue on Ignition (Reagent test): Ignite 1 g with 0,5 mL 
of sulfuric add: the residue weighs not morę than 1 mg 
( 0 . 1 %). 

Diresorcinol: Heat to boiling a solution of 100 mg in 
10 mL of acetic anhydride, cool the solution, and superim- 
pose it upon 10 mL of sulfuric acid: no vio(et color appears 
at the zonę of contact of the liąuids. 

PhJoxine B (Add red 92; Eosin 10B; '-tełrabromo- 

4,5,6,7-tetrachiarofluorescein disodium salt) 
C^H^Br^a^NazO^—829.63 [18472-87-2]—Use a suitable 

grade with a dye content of not less than 80%, certified by 
the Biological Stain Commission. 

Phosphatase Enzyme, Alkaline—Use a suitable grade from 
intestinal origin. 

[Notę—A suitable grade is availabie from Worthmgton 
Biochemical Corp., www.worthington-biochem.com.] 

Phosphatic Enzyme—An enzyme preparation of microbial 
origin, high in both phosphatase and amylase activrty, the 
former being the property that renders it suitable for use in 
the liberation of tniamine from its orthophosphate and py- 
rophosphate esters. Light eream-colored or slightly gray 
powder. Freely soluble in water, It hydrolyzes 300 limes its 
weight of starch in 30 minutes. 

Amylase Actiwty: Place in a test tubę 5 mL of a 1 in 50 
solution of soluble starch in 0.2 M, pH 5 sodlum acetate 
buffer (containing 1.6 g of anhydrous sodium acetate in 
each L and sufficient gfacial acetic acid to adjust to a pH 
of 5), and add 4 mL of water, Mix, and place in a water 
bath at 40°. Add 1 mL of a solution containing 0*3 mg of 
the phosphatic enzyme, mix, and notę the exact time. Af- 
ter 30 minutes remove 1.0 ml of the mixturę, and add it 
to 5,0 ml of 0.0005 N iodine in a 20- x 150-mm test 
tubę; a elear, red color results. 

Phosphomolybdk Add r approximately 2 OM 0 O 3 ■ PzOs ■ 

511-bG—3939.49 [51429-74-4]^-Use ACS reagent grade. 

Phosphoric Add, H 3 PO, t —98.00 [7664-38-2]^-Use ACS 

reagent grade. 
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Phosphorous Add (Phosphonic Acid), H3O3P—82.00 
[135 9 8-3 6-2]—Use a suitable grade with a content of not 
less than 99%. 

Phosphorus, Red, P—At Wt. 30.97376—A dark red pow¬ 
der. Insoluble rn water and in dilute aclds; soluble in dehy- 
drated alcohol. 

YELLOW Phosphorus: Shake 20 g with 75 mL of carbcn di- 
sulfide in a glass-stoppered vesse\ and aflow to stand in 
Lhe dark ovemight Filier, and wash the residue with car- 
bon disulfide until the filtrate, collected in a graduated cyl¬ 
inder, measures 100 ml. Evaporate the solvent to 10 mL 
by immersing the cylinder in hot water, Dip a strip of cir- 
pric sulfate test paper in the remaining solvent; no morę 
color is produted than in a similar strip dipped into 10 ml 
of solution in carbon disulfide containing 3 mg of yellow 
phosphorus (0.015% as P). 

SoiUBtE Substances: Digest 2 g with 30 mL of acetic acid 
on a steam bath for 15 minutes. Cool, difute with water to 
40 mL, and fil ter. B/aporate 20 ml of the filtra te on a 
steam bath, and dry at 105° for 2 hours: the residue 
welghs not morę than 6 mg (0.6%). 

Phosphorus Pentoxide (Phosphoric Anhydride), P2O5— 
141.94 [1314-56-3]—Use ACS reagent grade. 

Phosphotungstic Add, approximately 24WOs ■ PjOs - 
51H z O—6624.84—Wbite or yellowish-green crystals or a 
crystalline powder. Soluble in water, in alcohol, and in 
etfier. 

INSOLUBLE Matter (Reagent test): not morę than 1 mg, 
from 5 g (0.02%). 

Chloride (Reagent test): One g shows not morę than 
0.3 mg of Cl (0.03%), 

Nitrate: Dissolve 500 mg in 10 ml of water, and add 
about 10 mg of sodium chloride, 0.1 mL of indtgo carmine 
TS, and 10 mL of sulfuric acid: the biue color does not 
disappear within 1 minutę (about 0.01%). 

Sulfate (Reagent test, Method 0: A 500-mg portion 
shows not morę than 0.1 mg of SO 4 (0.02%). 

o-Phthalaldehyde (Phthalic Dicorboxaldehyde), 
C 6 H 4 {CHO)z—134.13 [643-79-8]—Use a suitable grade. 

Phthalazine, CaH 6 N 2 —130.15 [253-52-1]—Yellow to tan 

crystals, 

Meltinc Rance (741): between 89° and 92°. 

PhthaNc Acid, C a H ć 0. t —166.13 [88-99-3]—Use ACS rea¬ 

gent grade, 

Phthalic Anhydride, QH 4 Ch—148.12 [85-44-9]—Use 

ACS reagent grade. 

Phłhalimide, CgHsNCb—147.13 [85-41-6]—White pow¬ 

der. 

Assay 

Mobile phase: Prepare a mtxture of isooctane and 
methyl-fert-butyJ ether (88:12). 

Procedurę: Inject about 20 pL Into a suitable liquid 
chroma tog ra p h (se e Chrom at ography (621)) eq u i p ped 
with a 230-nm detecLor and a 4.6-mm x 15-cm column 
that contains packing L3. The flow ratę is about 2 mL per 
minutę. The area of the CsHsNOi peak is not less than 
99% of the total peak area. 

MELTtNG Rangę (741): between 233° and 235°, with de- 
composition. 

2-Ricoline, QH 7 N—93.13 [109-06-8]—Colorless to yel- 

lowish liguld. 

Assay: Inject an appropriate specimen into a suitable gas 
chromatograph (see Chromatography (621)) eguipped with 


a flame-Ionization detector, helium being used as the car- 
rier gas. The following conditions have been found suita¬ 
ble: a 2-mm x 2-m glass column packed with 20% liguld 
phase Cl 6 on 80- to 100-mesh support SIC; the injection 
port temperaturę is maintained at 140 Q ; the detector tem¬ 
peraturę is maintained at 300°; the column temperaturę is 
maintained at 90° and programmed to rise 3° per minutę 
Lo 140°. The area of the C ń H;N peak is not less than 98% 
of the total peak area. 

Refractjve Index (831): 1,500 ± 0.002 at 20*. 

Picric Acid (2,4,6-Trinitrophenol; Trinitrophenal), 
C 6 H 2 (QH){N0 2 )r1,2,4,6-229.10 [88-89-1]—Use ACS re¬ 

agent grade. 

Picrolonic Acid (3-Methyl-4-nitro-l-(p-nitrophenyl)- 
S-pyraioionel C 10 H a N 4 O s — 264.19 [550-74-3]—Yellow to 

brownish-yeflow, crystalline powder. SlrghtEy soluble in 
water; soluble in alcohol, in chloroform, in ether, In ben« 
zene, and in Solutions of alkali hydroxides. 

Melting Rangę <741 >: between 115° and 117°. 

Resioue on Ignjtion (Reagent test): negligible, from 
200 mg. 

Sensitivene55: Dissolve 25 mg in 10 mL of warm water 
containing 0.1 mL of gladal acetic add, and fil ter the solu¬ 
tion, if necessary. Dissolve 100 mg of cakium chloride in 
250 mL of water, and mix. Heat 1 ml of the calcium chlo- 
rfde solution in a test tubę to about 60°, then add to it 
1 mL of the picrolonic acid solution: a bulky precipitate 
forms in 5 minutes or less. 


Add the following: 

*(+)-a-Pinene ((1 R.SRyż-Pinene, (J R^Ri^.ó^órTnmethylbi- 
cydo^ J. l]hepi-2-ene} t C, 0 H, Ć —136.23 [7785-70-8]—Use 

a suitable grade with a GC chromatographic purity of NIT 
99%.i L oiwfl 


Add the following: 

A (TPtnene ((±)-2(l 0)-Pinene„ 6,6-Dimethy!-2-methyfeneblcycfo 
B.UJheptone), CtoHis— 1 136,23 [127-91-3]—Use a suila- 

ble grade with a GC chrornatographit purity of NLT 95%, 
[Notę—A suitable grade is ayaifabfe as catafog number 
89335 from www.phytolabxom.] A ^N(? 

Pipemidic Acid (8-Ethyh3,8~dihydro-5-oxo-2-(1-piper- 
azinyl)pyrido[2,3 -dj- pynmidine*6*carboxylic acid% 

ChHt;I%Oi— 303.3 [51940-44-4}—Use a suitable grade. 

Piperazine ( Diethyfenediamine), C4H10N2 - 6H 2 0—194.23— 
Use a suitable grade. 

Pfperidine, C 5 H n N—85.15 [110-S9^4J— Colorless liguid. 
Mtscible with water and with alcohol. Spedfic gravity: about 
0.860. 

Congealing Rangę (651): between 12° and 15 c . 

Bojung Rangę (Reagent test): Not less than 95% distills 
between 104° and 106°. 

Refractoe Index: about 1.454, 

Platrnic Chloride (Chloroplatinic Acid), h^PtCI^ - 6HzO — 

517.90 [18497-1 3-7]—Use ACS reagent grade Chloropla- 

tinic Add. 

PoIydimethylsiloxane, viscosity 0.65 centistokes (Hexa- 
methyldisilaxane) f (CHj)*$iOSi(CH 3)5-—162.38 
[107-46-0]—Liguid. Freezes at about 0°. 
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Refractwe !ndex (831): aboul 1*3770. 

Specific Grayity (841): aboul 0*760. 

Polyethylene Glycol 200, HCOCH^CHzJrtOH in which the 
averagę vaiue of n is A —average molecular weight 200 
[25322-68-3]—Clear, colorless or almost colorfess, viscous, 
nygroseopic liauid. Very soluble in acetone and in afcohol; 
practically insoluble in ether and in fatty oils. Use a suitable 
grade. 

Refractive Index (831): 1*4590 at 20°. 

DENSITY* 1.127 at 25°, 

Viscosity: 4.3 centistokes at 98.9°. 

Polyethylene Glycof 600 [25322-68-3]—A elear, practically 
colorless, viseous liauid condensation poły mer represented 
by H(OCH 2 CH 2 )mOH, in which n varies from 12 to 14. Its 
average molecular weight is about 600. 

it meets the requirements of all of the tests under Poly¬ 
ethylene Glycof (NF monograph) except 1/m/t of Ethyfene Gly¬ 
cof and Diethylene GfycoL 

Polyethylene Glycol 20,000 [25322-68-3]—Molecular 
weight rangę: 15,000-20,000, Hard, white, waxy solid, usu- 
aJly supplied in flake form* Soluble in water with subsequent 
gel formation. 

Visc osjty—Capi llar y Methods (911), Yiscosity of 25% solu¬ 
tion : Add 50.0 g of test specimen to a 250-mL wide- 
mouth, screw-cap jar containing 150.0 g of water* Altach 
the cap secureiy to the jar, and roli on a mechanica! rolfer 
until the test specimen is completely dissolved, in 2 to 
4 hours. Allow the solution to stand until all air bubbles 
have disappeared. Another 2 to 4 hours may be required. 
Adjust the temperaturę of the solution to 37*8 ± 0,1°, and 
determine the kinematic yiscosity on a suitable viscometer 
of the Ubbelohde type. The viscosity is not less than 100 
centistokes. 

pH (791): between 6.5 and 8,0 in a solution (1 in 20). 
[Notę—A fśve-fold dilution of the test solution prepared for 
the Viscosity of 25% Solution test may be used.] 

Residue on Icnition (281): not morę than 0*7%, the use 
of sulfuric acid being omitted* 

Polyethylene Glycol Standards with Molecular Weights of 
1000, 2000, 3000, 4000, and 6000 Daltons (g/mol) 

[Poly(oxy-l ,2-ethanediyl), a - hydroxy-c>hydroxy-; 1,2- 
Ethaneai o/, homopolymer], H(OCH 2 CH 2 )„OH, in which the av- 
erage values of n are 22, 45, 69, 92, and 149—average 
molecular weight (M w ), 1020, 2010, 3060, 4080, and 6550 
[25332-68-3]—Use molecular weight standard grades. 

[NOTĘ—Suitable grades are available from www.polymer.de.] 

Polyoxyethylene 10 Laury] Ether (Decaethyfene Glycol 
Monododecyi Ether) C* 2 H 6 *Oi 1—626.86 [9002-92-0]—Use 

a suitable grade. [Notę— A suitable grade is available as cat- 
alog number P9769 at http://www.sigma-aldnch.com.] 

Polyoxyethylene (23) Lauryl Ether (Brij-35): Use a suita¬ 
ble grade. 

[Notę—A suitable grade is availab!e commercially as "Brij- 

Pofyoxyethylene (20) Sorbitan Mon olau ratę 
[9005-64-5]—’Viscous, light yellow to yellow-green liguid. 

Use a suitable grade* 

Polysacchande Molecular Weight Standards—Polymalto- 
triose polymers of different weight-average molecular 
weight, values ranging from 5,000 to 400,000 Da. 

[NOTĘ—A suitable set is available from Shodex {www. 
shodex.com) as Kit P-82.] 


Add the foUowirtg: 

A Polysorbate 80 (Polyoxyethylenesorbiton Monooleate; Tween 
80; Polyethylene Glycol Sorbitan Monoo/eatej—micellar aver- 
age molecular weight 79,000 [9005-65-6]—Use a suitable 

grade.*i/5P40 

Pofystyrene Cation-Exchange Resin—See Cation-Exchange 
Resin, Polystyrene. 

Polytef—Use Po!y(tetrafiuoroethylene ). 

Poly(tetrafluoroethylene) (Polytef; Polytetrafluoroethylene 
Resin; Teflon) f (CjF^J* where n is at feast 20,000 
[9002-84-0]—Use a suitable grade. 

Polyyinyl Alcohol, (C 2 H 4 0)rt [9002-89-5]—White powder. 
Soluble in water; insolubfe in organie solvents. 
pH (791): between 5.0 and 8.0, in a solution (1 in 25). 
Loss on Drying: Dry it at 110° to constant weight: it 
loses not morę than 5% of its weight, 

Residue on Ignition: not morę than 0,75%* 

[NOTĘ—Suitable grades are availabfe as catalog number 
U 232, from J.T. Baker Chemical Co., www.jtbaker.com.] 

Potassium Acetate, KCjHyOi—98,14 [127-08-2]—Use 

ACS reagent grade* 

Potassium Alum—Use Potassium Alum (USP monograph). 

Potassium Arsenate Monobask, KHaAsO^—180.03 
[7784-41-0]—Use a suitable grade with a content of NLT 
98%, 

Potassium Bicarbonate, KHCOj—100*12 [298-14-6]— 

Use ACS reagent grade. 

Potassium Biphosphate—See Potassium Phosphote , Mono¬ 
bask. 

Potassium Biphthalate (Add Potassium Phthalate; Phthaiic 
Add Monopotassium Salt; Potassium Hydrogen Phthalate Addi - 
metric Standard), KHCdMCOO),—204.22 [877-24-7]— 

Use ACS reagent grade Potassium Hydrogen Phthalate, Ad- 
dimetric Standard, 

Potassium Bisulfate, KHSG 4 —136,17 [7646-93-7]— 

Fused, white, deltejuescent masses or granules. Very soluble 
in water* When ignited, it evolves SCh and H z O, changing 
first to potassium pyrosulfate, then to sulfate. 

AaoiTY: Dissolve 4 g, accurately weighed, in 50 mL of 
water, add phenolphthalein TS, and Utratę with 1 N alkali: 
it contains between 34% and 36%, calcuiated as HiSO.*. 
Insoluble Matter and Ammonium Hydroxide Precipitate: 
Dissolve 10 g in 100 mL of water, add methyl red TS, 
render slightly alkafine with ammonia TS, boil for 1 min¬ 
utę, and digest on a steam bath for 1 hour. Pass through a 
tared filtering crucible, wash thoroughly, and dry at 105° 
for 2 hours: the precipitate weighs not morę than 1 mg 
(0*01%). 

For the foliowi ng tests, prepare a Test solution as follows. 
Dissolve 6 g in 45 ml of water, add 2 mL of hydrochloric 
add, boil gentiy for 10 minutes, cool, and dilute with 
water to 60 mL, 

Heavy Metais (Reagent test): To 30 mL of Test solution 
add phenolphthalein TS, and neutralize with ammonia TS* 
Add 0.5 ml of glacial acetic add, dilute with water to 
40 mL, and add 10 mL of hydrogen suffide TS: any brown 
color produced is not darker than that of a contro! con¬ 
taining 10 mL of Test solution and 0.02 mg of added Pb 
( 0 . 001 %). 

Iron (241): To 5 mL or Test solution add 2 ml of hydro¬ 
chloric add, and dilute with water to 47 mL: the solution 
shows not morę than 0.01 mg of Fe (0.002%). 
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Potassium Bromate, KBrCh—167.00 [7758-01-2]—Use 

ACS reagent grade. 

Potassium Bromide, KBr—119.00 [7758-02-3]—Use ACS 

reagent grade. 

Potassium Carbonafe—See Potassium Carbonate, Anhy- 
drous. 

Potassium Carbonate, Anhydrous, K2CO3—138.21 
[584-08-7]—Use ACS reagent grade. 

Potassium Chlorate, KCiOs—122.55 [3811 -04-9]—Use 

ACS reagent grade. 

Potassium Chloride, KCI—74.55 [7447^0-7]—Use ACS 

reagent grade. 

Potassium Chloroplatinate, K^PtCf*—485.99—Heavy, yel- 
low powder. Soluble in hydrochloric add and in nitric add. 
Assay: Accurately weigh about 300 mg, transfer to a 
óOO-mL beaker, add 20 mL of hydrochforic add, and heat 
gentiy if necessary to achieve complete solution. Add zinc 
ran uf es, siowly, until no morę dissolves, then add 2 mL of 
ydrochloric add, and digest for I hour on a steam bath 
to coaguJate the reduced platinum. Add morę add, if nec¬ 
essary, to ensure that a II of the zinc has dissolved, Fi [ter 
through paper, rmsing the beaker with diluted hydrochto- 
ric acid until all of the predpitate is transferred to the fli¬ 
ter, then wash with several smali portions of water. 3gn:te 
the filter In a tared crucible at 800 + 25° to constant 
wdght. Each mg of residue is equivalent to 1.0 mg of piat- 
inum. Not less trtari 40% is found. 

Potassium Chromate, K 2 Cr0 4 —194.19 [7789-00-6]— 

Use ACS reagent grade. 

Potassium Cyanide, KCN—65.12 [151-50-8]—Use ACS 

reagent grade. 

Potassium Dichromate, K 2 Cr 2 0?—294,18 
[7778-50-9]—Use ACS reagent grade. 

[Notę—P otassium dichromate of a guality suitable as a 
primary standard is avaiiable from the National Institute of 
Standards and Technology, Washington, DC, www.nist.gov, 
as standard sample No, 136.] 

Potassium Ferricyanide, KiFe(CN)e—329.24 
[13746-66-2]—Use ACS reagent grade. 

Potassium Ferrocyanide, K 4 Fe(CN) 6 ■ 3H 2 0—422.39 
[14459-95-1]—Use ACS reagent grade, 

Potassium Hyaluronate—-Wbite to cream-colored powder, 
Fredy soluble in water. Storę in a ttght Container, in a refrig- 
erator. 

Inhibitor Content: Prepare as directed in the Assay under 
Hyaluronidase for Injection (USP monograph) a guantity of 
Standard solution containing 1 USP Hyaluronidase Unit in 
each mL, and a similar guantity of acetate-buffered Stan¬ 
dard solution using as the solvent 0.1 M, pH 6 sodium 
acetate buffer (prepared by diluting the 0.2 M buffer pre- 
ared as directed below with an equal volume of water). 
repare from the potassium hyaluronate under test 10 mL 
of Potassium hyaluronate stock solution , and dilute 2 ml of 
it with the specified Phosphate buffer solution to make a 
Hyaluronate solution. In the same way, and concurrently, 
dilute a second 2-mL portion of the stock solution with 0.2 
M, pH 6 sodium acetate buffer (containing 1 6,4 g of anhy- 
drous sodium acetate and 0.45 mL of gladal acetic add In 
each 1000 mL). 

Place 0.50-mL portions of the Hyaluronate solution in 
each of four 16- x 100-mm test tubes, and place 030-mL 


portions of the acetate-buffered Hyaluronate solution in two 
similar tubes. To two of the four tubes containing Hy¬ 
aluronate solution add 0.50 ml of Dlluent for hyaluronidase 
Solutions, prepared as directed In the Assay under Hyal¬ 
uronidase for Injection (USP monograph). To the remainlng 
two tubes, on a rigld schedułe, at 30-second intervafs, add 
0.50 mL of Standard solution. Similarly, to the two tubes 
containing acetate-buffered Hyaiuronate solution add at 
30-second Intervals 0.50-mL portions of acetate-buffered 
Standard solution. Then proceed as directed in the second 
paragraph for Procedurę , beginning with "Mix the con- 
tents," as far as "Plot the average. The reduction in ab- 
sorbance of acetate-buffered Hyaluronate solution is not less 
than 25% of that observed In the Hyaluronate solution* 
Turbidity production: The average absorbance of the So¬ 
lutions in the two tubes containing Hyaluronate solution 
and Diluent for hyaluronidase Solutions prepared in the test 
for Inhibitor Content is not less than 0,26 at a wavelength 
of 640 nm in a suitable spectrophotometer using a 1-cm 
celi. 

Potassium Hydrogen Suifate, KHS0 4 —136.17—White 
crystals, Soluble in water. 

Melting Point (741): about 1 97 D . 

Potassium Hydroxide, KOH—56.11 [1310-58-3]—Use 

ACS reagent grade, 

Potassium (odate, KI0 3 —214.00 [7758-05-6]—Use ACS 

reagent grade, 

Potassium lodide, KI—166,00 [7681-11-0]—Use ACS re¬ 

agent grade, 

Potassium Metabisulfite (Potassium Disulfite; Potassium 
Pyrosulfite J, K 2 S 2 0 5 —22232 [1 6731 -55-8]—Use a suitable 

grade with a content of not less than 98%. 

Potassium Nrtrate, KNOj— 101,10 [7757-79-1]—Use 

ACS reagent grade. 

Potassium Nitrite, KN0 2 —85.10 [7758-09-0]—Use ACS 

reagent grade. 

Potassium Perchlorate, KCICh—138.55 [7778-74-7]— 

Use ACS reagent grade. 

Potassium Periodate (Potassium meta-Perioćtate), KIO*— 
230.00 [7790-213]—Use ACS reagent grade. 

Potassium Permanganate, KMnCh—158.03 
[7722-64-7]—Use ACS reagent grade. 

Potassium Persulfate, Kz5 2 Ob—27032 [7727-21-1]— 

Use ACS reagent grade Potassium Peroxydisulfate. 

Potassium Phosphate, Dibasic (Dipotassium Hydrogen Phos¬ 
phate; Dipotassium Phosphate), K 2 HP0 4 —174.18 
[7758-1 1-4]—Use ACS reagent grade, 

Potassium Phosphate, Dibasic, Trihydrate (Dipotassium 
Hydrogen Phosphate Trihydrate; Dipotassium Phosphate) f 
KzHPCh - 3H 2 0—228.22 [1 6788-57-1 ]—Use a suitable 

grade with a content of NLT 99.0%, 

Potassium Phosphate, Monobasic (Potassium Biphosphate; 
Potassium Dihydrogen Phosphate) f KHzPCh—136.09 
[7778-77-0]—Use ACS reagent grade. 

[Notę —Certlfied Potassium Dihydrogen Phosphate is avail- 
able from the National Institute of Standards and Technol¬ 
ogy, Washington, DC, www.nlst.gov, as standard sample 
No. 186.] 
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Potassium Phosphate, Tnbasic, K 3 PO 4 —212,27 
[7778-53-2] —Deliguescent, orthorhombic crystals, Use ACS 
reagent grade. 

Potassium Pyroantlmonate (Potassium hexohydroxyan- 
timonate), KSb(OH) 6 -262.90 [1 2208-1 3-8]—White crys¬ 

tals or a white, crystaliine powder Spanngly solubie in 
water. Use a suitable grade, 

Potassium Pyrophosphate, KłP 2 t)/—330.34 
[ 7320-34-5}—Colorless, deliguescent granulek Freely solubie 
in water; insofuble in alcohol. 

Potassium Pyrosulfate [7790-62-7] —Usually available as a 
mixture of potassium pyrosulfate (K 2 $ 2 0 7 ) and potassium bE- 
sulfate (KHSCh), Use ACS reagent grade. 

Potassium Sodium Tartrate, KNaC 4 H 4 O ń - 4H 2 0— 282.22 
[6381-59-5]—Use ACS reagent grade. 

Potassium Sulfate, K 2 SO,ł—174,26 [7778-80-5]—Use 

ACS reagent grade. 

Potassium Tellurite (Potassium Tellurate IV), K 2 Te0 3 — 
253.79 [7790-58-1]—White, granuiar powder. Solubie in 

water, Its solution is aikaline. 

Assay: Weigh accurately about 120 mg, transfer to a 
beaker, and dtssoke in a mixture of 1 0 mL of nitric add, 

10 mL of sulfuric add, and 25 mL of water. Heat to boil- 
ing, and boil until copious fumes of sulfur trioxide are 
evolved. Cool, cautiously add 100 mL of waLer, heat to 
boiting, add 6 g of sodium fluoride, and titrate the hot 
solution with 0,1 N potassium permanganate VS. Each ml 
of 0,1 N potassium permanganate is equivalent to 
12.69 mg of K 2 Te0 3 . Not less than 98% is found, 

CHLORIDE {Reagent test): One g shows not morę than 
0.1 mg of Cl (0.01%). 

Potassium Thiocyanate, KSCN—97,18 [333-20-0]—Use 

ACS reagent grade. 

Potato Starch—See Starch, Potato. 

Pregnenolone Ac eta te (3p-Acetoxy-5-pregnen-20-Qne f 
5-Pregnen-3p-ol-20-one Acetate), C 23 H 34 O 3 —358.51 
[1778-02-5]—Use a suitable grade with a content of NIJ 
99%, 

Pregnenolone Isobutyrate (5-Pregnen-3-ol-20-one 
Isobutymte), C 25 H^Ch—386.57—Use a suitable grade with a 
content of NLT 99%, [Notę— A suitable grade is available as 
catalog number EPP2920000 from www.lqcstandarcfs.com 
or catalog number P2920000 from http://cr 5 .edqm,eu«] 

Propionaldehyde, CjH 6 0—58,08 [123-38-6]—Use a 

suitable grade. 


Add the fottowing; 

A Propionic Acid (Propanoic Add), CjH ó Oż-- 74.08 
[79-09-^]—Use ACS reagent grade.*^^ 

Propionie Anhydrrde, C 6 Hi D Oj—130,14 [123-62-6]— 

Coloriess liquid, Is decomposed by water, Solubie in metha¬ 
nol, in alcohol, in ether, and in chloroform. 

Assay: Accurately weigh about 350 mg into a fared, 
glass-stoppered fiask containing 50 mL of dimethylforma- 
mide previously neutralized to the thymol blue endpoint 
with 0.1 N sodium methoxide in methanol VS. Titrate with 
0.1 N sodium melhoxide in methanol V5 to the thymol 
biue endpoint, Perform a blank determination, and make 
any necessary correction. Each mL of 0.1 N sodium meth- 


oxide is equivalen£ to 13.014 mg of CgHi D 0 3 , Not less than 
97,0% is found. 

Refractive 1ndeX (831): between 1,4035 and 1.4045 at 
20 °. 

Propiophenone, C 9 H 10 O—134.18 [93-55-0]—Use a suit¬ 

able grade. 

iso- Propyl Alcohol—See Isopropyi Alcohol. 

n-Propyl Alcohol (1-Propanol), CHiCH 2 CH 2 OH—6CM0 
[71-23-8]—Use ACS reagent grade. 

Propylamine Hydrochloride (1 -Propanamine hydrochloride; 
n-Propylamine hydrochloride), C 3 H 9 N ■ H Cl—95.57 
[556-53-6]—Use a suitable grade with a content of not less 
than 99%. 

Protein Molecular Werght Standard: Also known as pro¬ 
tein molecular weigh t markers (for SDS-PACE) and consists 
of a mixfure of several proteins of well-defined molecular 
weights. The products are generaily available in a suitable 
buffer containing a suitable reducing agent (generaily, 100 
mM DTT), a preservative (for example, sodium azide), and 
50% q!ycerol to prevent freezing. Use a suitable grade. 

Storę at -20*. 

Protein Standard Solution (8 g/dL)—A solution containing 
5 g of Albumin Humań and 3 g of human gamma globulin 
per dL. 

[Notę —A suitable grade is availab!e as Protein Standard 
Solution, catalog number 540-10, from Sigma-AIdnch, 
www.sigma-aldnch.com,] 

Protocatechuic Acid ( 3,4-Dihydroxybenzoic add), Cj^Oą— 
154.12 [99-50-3]—Use a suitable grade. 

Pullulanase (Amylopectin-6-gluconohydrolose) [9075-68-7]— 
An enzyme obtained from Kleibsiella pneumoniae , St contains 
not less than 30 units per mg of protein. One unit defined 
for enzymatic actMty will libera te 1.0 pmol of maltotriose 
(measured as glucose) from pullulan per minutę at pH 5.0 
at 30°, 11 can Be suspended in 3.2 M ammonium sulfate 
solution, pH 6.2. 

Measurement oe Relatwe Pullulanase Actmty 
Determination of pullulanase aotMty 
Substrate: Dissolve pullulan’ in water to make a 
1.25% (w/v) solution. [Notę— Add pullulan to the 
water, Clumping wiM occur if water is added to 
pullulan,] 

Buffer solution A, pH 5.0: Add 0.1 M drsodium phos- 
phate {27 g of dibasic sodium phosphate in each L of 
the solution) to 0,1 M citric aad (21 g of citric acid m 
each L of the solution) to adjust pH to 5.0. 

Buffer solution B, pH 6.0: Add diluted acetic acid to 
1 M sodium acetate {1 36 g of sodium acetate in each L 
of solution) to adjust the pH to 6.0, Dilute with water 
to prepare the finał buffer solution as 0.01 M acetic 
acid buffer, pH 6 . 0 , 

Somogyi reagent: Add 54 g of disodium phosphate 
heptahydrate or 28 g of anhydrous disodlum hydrogen 
phosphate and 40 g of potassium sodium tartrate to 
about 650 mL of water or about 700 mL for anhydrous 
disodlum hydrogen phosphate. Add 100 mL of 1 N so¬ 
dium hydroxide to tnrs solution and mix. Add 80 mL of 
10% cupric sulfate to the solution, and mix. Heat until 
any solid is completely dissolved. Add 180g of anhy¬ 
drous sodium sulfate to the solution and adjust the vol- 
ume to 1 L. Alłow the solution to stand at room tem¬ 
peraturę for 1 or 2 days to let tnsoluble matter 
precipitate, Fllter the solution with standard filter paper, 

1 A suitable suppfier for pullulan is www.hayashibara-intLcom, 
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and keep the solution in a brown bottle with a ground- 
głass stopper. 

Nelson reagent: Dissolve 50 g of ammonium molyb- 
datę in 900 mL of water. Add 42 g of sulfunc acid, 
and mix. DissoIve 6 g of sodium arsen a te or 3.6 g of 
monobasic potassium arsenate in 50 g of water. A Iow 
the solution to stand in a brown bottle with a graund- 
głass stopper at 37° for 1 or 2 days. 

Glucose standard solution: Dry anhydrous glucose 
crystals under less than 50-mm Hg at 60° for 5 hours, 
and calculate the water content Transfer 10.00 g of 
dried glucose to a 1-L volumetric fiask, dissolve in and 
diiute with water to volume, and mix. Transfer 
10.0 ml to a T-L volumetric fiask and dilute to voiume 
with water. Each ml contains lOOpg of glucose. 
Pullulanase diluent: Dilute pullulanase with Buffer so¬ 
lution B, phi 6.0 to prepare a solution having the en* 
zyme activity of about 0.2 units per mL. [NOTĘ—The 
measurement rangę is between 0.1 and 0.4 units per 
mL.] Record the dilution factor (Frt>), This diluent is 
used as a diluted enzyme solution. 

Procedurę: Transfer 4 mL of Substrate to a test tubę 
and add 0.5 mL of Buffer solution A, pH 5.0,mtx, and 
incubate at 30°. Add 0.5 mL of Pullulanase diluent , and 
mlx thoroughly. After 30 seconds, transfer 1 ml of this 
solution to a test tubę labeled as "Pullulan test solution 
1", and add 2 mL of Somogyi reagent, and mix. After 
30 minutes and 30 seconds, transfer 1 mL of the mix- 
turę of Substrofe and Pullulanase diluent to a second test 
tubę labeled as "Pullulan test solution 2", add 2 mL of 
Somogyi reagent, and mix. In a third test tubę labeled 
as "Standard blank", mix 2 mL of Somogyi reagent and 
1 mL of water. In a fourth test tubę labeled as "Glucose 
standard solution", mix 2 mL of Somogyi reagent and 
1 mL of Glucose standard solution , and add 1 ml of 
water. Incubate the fourth test tubę in a boiling water 
bath for exactly 10 minutes. Remove the lube and aliow 
it to cooi in cold running water. Add 2 mL of Nelson 
reagent, mix well, and alfo w the solution to stand for at 
least 15 minutes. Add 5 mL of water to each of the four 
test tubes, and mix thoroughly. Determine the abscrb- 
ance at 520 nm of the Standard blank, Au**, of the 
Glucose standard solution , Asia, of the Pullulan test solu¬ 
tion 1, Ao, and of the Pullulan test solution 2, Ai 0 , usfng 
water as the blank. One unit is defined as the enzy- 
matic activlty that produces 1 pmol of maltotriose 
(measured as glucose) from pullulan per minutę. Calcu- 
late the pullulanase activity, PA, in units per mL, usina 
the formula: 

PA = [{Aao - Ao)/(Asnj - Ab***)] * 0.185 x Fpd 
Measurement of Protein Amount (measured as albuminoid 

AMOUNT) FOR THE CALCULATION OF SPECIFlC ACTIVITV 
Reagent A; Prepare a solution having known concen- 
trations of about 0.1 N sodium hydroxide and about 0.2 
M sodium carbonate. 

Reagent B: Transfer 0.5g of cupric sulfate and l.Og of 
sodium eitrate dihydrate to a 100-mL vofumetrk fiask, 
dissolve in and dilute with water to volume, and mix> 
lowry solution: Mix Reagent A and Reagent B at the 
proportion of 50:1. 

Diluted Folin-Ciocalteu's phenol reagent (for albumi* 
noid guantification): Prepare a two-fold dilution of 2 N 
Folin-Ciocalteu's phenol reagent commerdally avai!able 
or prepare a solution by making an appropriate dilution 
from Folin-Ciocalteu Phenol TS (see Biotecnnology-Defwed 
Artides—Totat Protein Assay (1057), Method 2). 

Bovine serum albumin standard stock solution: Trans¬ 
fer 0.05 g of bovine serum albumin to a 500-mt volu- 
metric fiask, dissoke in and dilute with water to volume, 
and mix. It contains 100 pg of bovine serum albumin per 
mL 


Standard Solutions: Using appropriate dllutions of Bo- 
vine serum albumin standard stock solution in water, pre¬ 
pare five Standard Solutions having concentration equally 
spaced between 5 and 100 |ig of bovine serum albumin 
per mL. 

Test solution: Dilute pullulanase with Buffer solution B, 
pH 6.0 in order to obtaln a solution having a concentra- 
tion between 60 and 70 pg of albuminoid per mL. 

[Notę —Water can be used as diluent.] Record the dilu¬ 
tion factor, Fis. 

Blank solution: Use water. 

Procedurę: To 0.3 mL in separate tubes of the Standard 
Solutions, the Test solution, and the Blank soiution , add 
3 ml of Lowry solution, and mix. Aliow to incubate at 
room temperaturę for 10 minutes. Add 03 mL of Diluted 
Folin-Ciocalteu r s phenol reagent to each tubę, mix imme- 
diately, and aliow to stand at room temperaturę for 
60 minutes. Determine the absorbances of the Standard 
Solutions and the Test solution at the wavelength of maxi- 
mum absorbance at about 750 nm, using the Blank solu¬ 
tion as the blank. 

CaIculation: [Notę —The retationship of absorbance to 
protein concentration is nonlinear; however, if the stan¬ 
dard ourve concentration rangę is sufficiently smali, rt will 
approach linearity.] Using linear regression method, plot 
the absorbances of the Standard Solutions versus the pro¬ 
tein (bovine serum albumin) concentrations, in pg per 
mL, and determine the best fit curve. Using the plot, 
determine the concentration, C^uminoirf, in pg per mL, of 
protein (albuminoid amount) In the Tesf solution . Calcu¬ 
late the albuminoid concentration, in mg per mL, in the 
pullulanase taken by the formula: 

Gprotetn — (CAlbuminoid X F|s)/1 000 

Calculate the Spedfię activity, SA, En units per mg, of 
pullulanase using the formula: 

5 A = PA/Cproieln 


Pumice—A substance of vo)canic ongin consisting chiefly of 
compiex sllicates of alumlnum and alkali metals. Occurs as 
very light, hard, rough, porous, gray masses, or as a gray- 
colored powder. Is tnsoluble In water and Is not attacked by 
diluted acids. 

Acid- and Water-Soluble Substances: Boli 2,0 g of pow- 
dered pumice with 50 mL of diluted hydrochłoric acid 
under a reflux condenser for 30 minutes. Cool, and filter. 
To half of the filtrate add 5 drops of sulfurrc acid, evapo- 
rate to dryness, ignite, and weigh: the residue weighs not 
morę than 60 mg (6.0%). 

Purine, C 5 H. 1 N 4 — 120.11 [120-73-0]—Whi te to off-white 

powder, 

Melting Rangę <741): between 214° and 217°. 

A single spot is exhibited when It ts examined by thin- 
layer chromatography, with the use of plates eoated with 
cnromatographic silica gel mixture and a developing sys¬ 
tem consistina of butyl aicohol, water, and oladal acetic 
acid (60:25:15). 

Putrescine Dihydrochloride, * 2HCI—161.07 

[333-93-7]—Wni te, crystalline powder. Use a sustable grade. 

Pyrazole, C 3 H 1 N 2 [288-1 3-1]—White to pale yellow crystals 
or crystalline powder, Soluble in water, in aicohol, and In 
ether. 

Melting Rangę (731): between 67° and 71°. 

Pyrene, C^hLo—202.25 [129-00-0]—Wbite to light yel¬ 

low crystals. 

Assay: Transfer about 9 mg, accurately weighed, to a 
100-mL voiumetnc fiask, dlssoIve in methanol, dilute with 
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methanol to vo!ume, and mix. Transfer 2.0 mL of this solu- 
tlon to a 100-mL volumetric fiask, dilute with methanol to 
yolume, and mix. Using a suitable spectrophotometer, 
1-cm ceils, and methanol as the blank, record the absorb- 
ance of the solution at the wavelength of rnaximum ab- 
sorbance at about 238 nm. From the observed absorb- 
ance, calculate the absorptivity (see Ultraviolet-Visible 
Speetroscopy (857)): the absorptfvj'ty is not less than 432.9, 
correspondmg to not less than 98% of Ci ć Hio. 

Melting Rance (741): between 149° and 153° over a 2° 
rangę, 

Pyridine, CsH 5 N—79.10 [110-86-1 ]—Use ACS reagent 

grade. 

Pyridine, Dried [110-86-1]—Use ACS reagent grade, 

Pyridoxaf Hydrochloride, C a H 9 N0 3 * HCI—203.62 
[65-22-5]—Wbite to slightly yellow crystals or crysfalJine 
powder. CraduaJly darkens on exposure to air or sunlight. 
One g dissolves in about 2 ml of water and in about 25 ml 
of alcohol. Insoluble in acetone, in chloroform, and in ether. 
Its Solutions are acid (pH about 3). 

Melting Rance (741): between 171 9 and 1 75° with some 
decomposition. 

RESJDUE on ICNITION (Reagent test): not morę than 0. t %. 
Loss ON DRY1NC (731): Dry it at 1 05° for 2 hours: it loses 
not morę than 0.5% of its weighL 
Nitrogem Content (Reagent test): Determine by the 
Kjeldahl method, using a test speeimen previousfy dried at 
105* for 2 hours: between 6.7% and 7.1% of N is found, 
Chloride Content: Accuratefy weigh about 500 mg, pre- 
viously dried at 105* for 2 hours, and dissolve in 50 m[ of 
water. Add 3 mL of nitric acid and 50.0 mL of 0.1 N silver 
nitra te V5, then add 5 ml of nitrobenzene, shake for about 
2 minutes, add ferric ammonium sulfate TS, and t i tratę the 
excess si!ver nitrate with 0.1 N ammonium thiocyanate VS: 
each mL of 0.1 N silver nitrate is equlvafent to 3.545 mg 
of Cl. Between 17.2% and 17,7% is found. 

Pyridoxal 5-Phosphate, 4-CHOC 5 HN-2-CFh, 3-OH, 
5-CHzPO.H^ > H a O—265.16 [41468-25-1]—Light yellow 

powder. Use a suitable grade. 

Pyridoxamine Dihydrochloride, CsHijtNaO^ 2HC!—241.11 
[524-36-7]—White to siightiy yellow crystals or crystalline 
powder, Gradually darkens on exposure to air or sunlight. 
One g dissolyes in about 1 ml of water and in about 60 mL 
of alcohol Insoluble in chloroform and in ether. Its Solutions 
are acid. 

Melting Rangę (741): between 225° and 23G G , with 
some decomposition. 

RESIDUE on Ignition (Reagent test): not morę than 
0.15%, 

Loss on Drying (731): Dry it at 105° for 2 hours: it ioses 
not morę than 0,5% of its weight. 

Nitrogen Content (Reagent test): Determine by the 
Kjeldahl method, using a test speeimen previously dried at 
105° for 2 hours: between 11.3% and 11.8% of N is 
found. 

Chloride CONTENT: Determine as directed in the test for 
Chloride Content under Pyridoxa! Hydrochforrde: between 
29.1% and 29,6% of Cl is found. 

l-(2-Pyridylazo)-2-naphthol, Ci S H|]N 3 0—249.27 
[85-85-8]—Stable, orange-red crystals. Solubie in alcohol 
and in hot Solutions of dilute alkalies; slightly solubie in 
water. 

Melting Rangę (741): between 140° and 142°. 
Sensitivene5s: Add 0,1 mL of a 1 in 1000 solution of it in 
alcohol to a mixture of 10 mL of water and 1 mL of a 
buffer solution prepared by mixing 80 mL of 0.2 M acetic 
acid and 20 mL of sodium acetate solution (8.2 In 100), 


and mix. To this solution add 1 mL of a mExture of 1 mL of 
cupric sulfate TS and 2 ml of water, and mix: the color 
changes from yellow to red. 

4-(2-Pyridylazo)resorcinof (PAR), CnHgNjOz, free add; 
CnHsNiNaOa, monosodium salt—215.21, free add— 
237.21, monosodium salt [1141-59-9, free acid; 
16593-81-0, monosodium salt]—Use ACS reagent grade. 

3- (2-Pyridyl)-5,6-di{2-furyl)-1,2,4-triazine-5',5"-disuffonk 
Add, Disodium Salt (3-( 2-Pyddy/>5, 6-bis(5~sulfo-2~furyi)-l,2, 

4- triazine , Disodium Salt Hydrate), C^HsMjNazOaSz— 494.37 
[79551-14-7]—Use a suitable grade. 

[Notę—A suitable grade is available as product number 
P4272 from Sigma-Aldrich, 1-800-558-9160; www.sigma- 
aldrich.com.] 

Pyrogallol, QH*(OH} 3 —126.11 [87-66-1]—Use ACS rea¬ 

gent grade. 

Pyrrole, C 4 H 5 N—67.09 [109-97*7]—Clear !fquid, color- 

less when freshly distilled, becoming yellow in a few days. 
Specific gravity: about 0,94, Insoluble in water; solubie in 
alcohol, in benzene, and in ether. 

Bojljng Rangę (Reagent test): Not less than 90% distilJs 
between 128° and 132°, 

2-Pyrrolrdone, C4H7NO—85,11 [616-45-5]—Use a sulta- 

ble grade with a content of NLT 98,0% (by CC). [NOTĘ—A 
suitable grade is available as catalog number TC1-P0575 
from www.spectrumchemical.com.f 

Pyruvk Add, CHjCOCOOH^88,06 [127-1 7-3]—Color- 
less to light yellow liquid. Miscible with water, with alcohol, 
and with ether. 

Refractive Index (831): about 1.43 at 20°. 

Assay: Accurately weigh about 1 g, transfer to a suitable 
Container, and add IGOmL of water. Mix, add phenol- 
phthalein TS, and titrate with 0.5 N sodium hyaroxide VS. 
Lach ml of 0.5 N sodium hydroxide is equivafent to 
44,03 mg of CH 3 COCOOH: not less than 98% of 
CHjCOCOOH is found. 

Quantrtative Filter Paper—See Fifter Paper ; Quantitative, 

Quinhydrone, C 6 H 4 (OH)z ■ C 6 H 4 0z—218.21 [106-34-3]— 

Green crystals having a metal lic luster. Slightly solubie in 
cold water; solubie in hot water, in alcohol, and fn ether. 
Assay: Transfer about 450 mg, accurately weighed, to a 
lass-stoppered fiask, add 50 ml of 1 N suffurlc add and 
g of potassium iodide, insert the stopper in the fiask, and 
shake until dissolved. Titrate the liberated iodine with 0.1 
N sodium thiosulfate VS, adding 3 mL of starch TS as the 
end point is approached. Each mL of 0.1 N sodium thiosul¬ 
fate is equivalent to 5.405 mg of gulnone (C 6 R|0 2 ), Be¬ 
tween 49.0% and 51.0% is found, 

Alcohol-Insoiuble Matter: Dissolve 10 g in 100 mL of 
hot alcohol, filter through a suitable tarea crudble of fine 
porosfty, and wash with hot alcohol until the last washing 
is colorless. Dry at 105°, cool rn a desiccator, and weigh: 
the residue weighs not morę than 1.0 mg (0.010%). 

Residue on Ignition (Reagent test): not morę than 
0.050%, a 2.0-g test speeimen belng used. Save the resi¬ 
due. 

Sulfate: Transfer 1 g to a platinum crudble, add 10 mL 
of hot water and 0.5 g of sodium carbonate, evaporate to 
dryness, and ignite, protected from the sulfur in the flame, 
until the residue is nearly white. Cool, add 20 mL of water 
and 1 mL of 30 percent hydrogen peroxide, boli gently for 
a few minutes, add 2 ml of hydrochlonc acid, and evapo- 
rate on a steam bath to dryness. Cool, dissolve the residue 
in 20 mL of water, filter, and to Lhe filtrate add 1 mL of 
1 N hydrochlonc acid and 3 mL of barrum chloride TS: any 
turblaity produced within 10 minutes does not exceed tfiat 
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in a control containing 0.2 mg of added S0 4 and 0,5 mg 
of sodium carbonate, 1 mL of 30 percent hydrogen perox- 
ide, and 2 mL of hydrochloric add previously evaporated 
on a steam bath to dryness (0.02%)* 

Heavy Metals: To the residue retained from the test for 
Residue on Ignition add 2 mL of hydrochloric add and 
0,5 mL of nitric add, and evaporate on a steam bath to 
dryness, Dissolve the residue m 30 mL of hot water cam 
tamrng 1 mL of 1 N hydrochloric add, cool, di lute with 
water to 40 mL, and mix. Dilute 20 mL of thfs solution 
(retain the resl of the solution) with water to 25 mL, adjust 
to a pH between 3.0 and 4,0 by the addition of 1 N acetic 
acrd or 6 N ammonium hydroxide as necessary, dilute with 
water to 40 ml, and add 10 mL of freshly prepared hydro¬ 
gen sulfide TS: any brown color produced does not exceed 
that in a contro! containing 0.02 mg of added Pb 
( 0 . 002 %). 

Iron (241): To 10 mL of the solution retained from the 
test for Heavy Metals add 2 mL of hydrochloric add, and 
dilute with water to 47 mL: the solution shows not morę 
than 0.01 mg of Fe ( 0 . 002 %). 

Quinone—See p-Benzoquinone * 

Rayon—Use Purifkd Rayon (USP monograph). 

Direct Red 80, C^HiflNioNańOiiSó' 1 —1373*07 
[2610-10-8]—Red powder. Soluble in water; poorly solubfe 
in alcohol. Use a suitable grade. 

Red-Ce!l Lysing Agent: The reagent is available as a solu¬ 
tion containing 0,33% potassium cyanide and 0.11% so¬ 
dium nrtroprusside and a auaternary ammonium salt as the 
surface active agent (5.5%)* 

[NOTĘ—The reagent is manufactured by Coulter Electron¬ 
ics Diagnostics, Hialeah, FL and is available from many sup- 
pliers under the narne of Zapoglobin' (or Zap-oglobln"j.] 

Red Phosphorus—See Phosphorus , Red. 

Resazurin (Sodium), CizH^NNaCh—251.17 
[62758-13-8]—A brownish-purpfe, crystalline powder. One 
g drsso(ves in 100 mL of water, forming a deep-violet- 
colored solution* 

Hydrogen sulfide and other compounds containing the 
thiol group decolortze Solutions of resazurin sodium, form¬ 
ing dihydroresorufin. When the decolorized solution is 
shaken in the presence of air, a rosę color develops as a 
result of the formation of resorufin. 

6 Z-Retinoic Ac id f 9-ds-Tretinotn, 9-cis Retinok Add, Addafi- 
tretinoin), CjaH 2^02—300,44 [5300-03-8]—Use a suitable 

grade with a content of NLT 98%. Storę at -20 a . [NoiE—A 
suitable grade is available as catalog number R4643 from 
www.sigma-aldrich.com.] 

Retinyl Pal mi tatę, C^HódOz — 524*9—Yel Iow liquid. 

ASSAV 

Mobile phase: Prepare a mixture of acetonrtriie and 
tetrahydrofuran (55:15). 

Procedurę: Inject about 10 \xl into a suitable llquic 
chromatograph (see Chromatography { 621)) equipped 
with a 320-nm detector and a 4.6-mm x 15-cm column 
that contains packing LI. The flow ratę is about 1 mL per 
minutę, The area of the peak is not less than 

93% of the total peak area. 

Reverse Transcnptase—Use a suitable grade. 

[Notę—A suitable grade is availabłe from BD Biosdences, 
www.bdbiosciences.com.] 

Rh odami ne B (Tetraethylrhodamine), C 20 H 31 CIN 2 O 3 — 

479.01 [81-88-9]—Green crystals or a reddish-violet 


powder* Very soluble in water, yieiding a bluish-red solution 
that i$ strongly fluorescent when dilute. Very soluble In alco¬ 
hol; slightly soluble in dilute acids and in alkali Solutions* In 
strong acid solution, if forms a pink complex with antimony 
that is soluble in rsopropyl ether* 

ClAftiTY OF SOLUTION: its solution (1 in 200) is complete 
and elear, 

Residue on Icnition (Reagent test): Ignite 1 g with 1 mL 
of sulfuric acid: the residue weighs not morę than 2 mg 
( 0 , 2 %). 

Rhodamine 6G, C^H 3t C,N 2 O 3 ^79.02 [989-38-8]— 

Use a suitable grade. 

Rlbonuclease Inhibitor—Use a suitable grade. 

[NOTĘ—A suitable grade is avai!able from BD Biosdences, 
www.bdbiosciences.comj 

Rosę Bengal Sodium (Disodium Salt of 4,5,6,7-Tetrachloro- 
2\4 r t 5\ 7 f -tetralodofluorescein), CzoH^LNazCh—1017.64 
[632-69~9]~~Fme, rose-colored crystals or crystalline powder. 
Soluble in water. 

[Notę— Render commercrally available materiał surtably 
pure by the folfowrng treatment Dissolve 8 g in 200 mL of 
water, and adjust to a pH between 10 and 11, using short- 
range pH indicator paper. Add 200 mL of acetone, while 
sdrring gently, then add dilute hydrochloric add (1 in 10), 
while contlnuing to stir, until the pH of the soluLion reaches 
4,0. Add 400 ml morę of water, with stir ring, and condnue 
the stirring for 5 minutes. Rlter the crystals on a flftering 
funnel, and return the crystals to the beaker used for erystai- 
lization. Recrystallize three morę times in the same manner, 
and dry the crystals at 110° for 12 hours, Storę in an amber 
bottle rn a refrigerator at a temperaturę between 2° and 8°. 
Prepare this reagent fresh monthlyj 
Chromatographic Purity: Dissolve 100 mq of rosę bengal 
sodium, prepared as described above, in 100 mL of water, 
and apply 10 jitL of the solution on suitable chromato- 
graphic paper. Develop the chromatogram by ascending 
chromatography, using a mixture of 1 part of dilute alco¬ 
hol (1 in 4) ano 1 part of dilute stronger ammonia water 
(1 in 12). Examine the chromatogram in daylight and 
under UV light (360 nm): no cołored or fluorescent spot is 
visible other than the rosę bengal sodium spot* 

[Notę —A suitable grade is availab!e commerciafly as "Sil- 
ica Gel H/j 

Ruthenium Red (Ruthenium Ozychhdde, Ammoniated), 
Ruz(OH)zCU ■ 7NH 3 - 3HzO—551.23 [11103-72-3]—A 

brownish-red to dark purple powder. Soluble in water. 

S Designations—See supports for gas chromatography 
under Reogents, Chromatographic C olumns. 


Add the foltowing: 

A Sabinene ( Thup4(IQ)-ene, 4-Methylene-1 -isopropythicydo 
[3.1.0]hexane, / * is opropyl- 4 - methylenebicydo[ 3 * 1 * 0]hexane) f 
C,oHi6—136.23 [3387-41-5 ]—Use a suitable grade with a 

GC chromatographic purity of NLT 95%. [Notę —A suitable 
grade is avaifaole as catalog number 82342 from www 
.phytolab.com j 

Saccharose—Use Sucrase (NF monograph). 

Safranin O [477-73-6]—Dark red powder consisting of a 
mixture of 3,7-diam]no-2,8-dimethyl-5-phenylphenazmium 
chloride, C 3 oHi 9 CIN*j—350.85, and 3,7~diammo-2,8<lh 
methyl-5-o-tolyiphenazinium chloride, C2iH7iCIN*i—364.88— 
Sparingly soluble in 70 percent alcohol yieldmg a elear red 
solution with a yellowlsh-red fluorescence. 
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A* To 10 mL of a 0.5% w/v solution add 5 mL of hydro* 
chlonc acid: a bluish violet solution is produced, 

8, To 10 mL of a 0,5% w/v solution add 5 mL of sodium 
hydroxide solution (1 in 5): a brownish-red precipitate is 
produced. 

C To 100 mg add 5 mL of sulfuric acid: a green solution 
is produced, which, on dilution, changes to blue and fi¬ 
nał ly to red. 

Absorption Characteristics: Dissolve 50 mg in 250 mL Gf 
50 percent alcohoL Dilute 3 mL of this solution with 
50 percent alcohol to 200 mL. Determine the absorbance, 
in a 1-cm celi, with a suitable spectrophotometer. The ab* 
sorbance maximum is in the rangę of 530 to 533 nm; the 
ratio (P - 1 5)/(P + 15) is between 1.1 0 and 1 32 , in which 
P is the wavelength of maximum absorbance. 

[Notę—A suitaole grade is available as catalog number 
10,214-8 from Sigma-Aidnch, www.sigma-aldrich.com.] 

Salkylaldazine, C,.,H^0^-240.26 [959-36-4]—Use a 

suitable grade or prepare as follows. Dissotve 300 mg of hy- 
drazine sulfate in 5 mL of water, add 1 mL of glacial acetic 
acid and 2 mL of a freshly prepared 1*in-5 solution of sali- 
cylaldehyde in isopropyl alcohol, mix, and allow to stand 
until a yeflow precipitate is formed, Extract the mixture with 
two 1 5*mL portions of methylene chloride. Combine the 
methylene chloride extracts, and dry over anhydrous so* 
dium sulfate. Decant the methylene chloride solution, and 
evaporate it to dryness. Recrysta llize the residue of salicy- 
laldazine from a nmture of warm toluene and methanol 
(60:40) with coofing. Filter, and dry the crystals under vac- 
uum. 

[NOTĘ—A suitable grade is available as catalog number 
218090 from MP Biochemicals (www.mpbio.com).] 

Salkylaldehyde, (2-Hydroxybemaidehyde), 2-HOC 6 H 4 CHO— 
122.12 [90-02*8]—Use a suitable grade with a content o" 
NLT 98.0%. 

Salicylic Acid—Use Salicyltc Add (USP monograph). 

Sand, Standard 20- to 30-Mesh—Silica sand, composed al- 
most entirely of naturally rounded grains of nearly pure 
quartz. Fredominantly graded to pass an 850*|tm (No, 20) 
sieve (85 to 100 percentage passfng) and be retained on a 
600-j.im (No. 30) sfeve (0 to 5 percentage passing), 

[NOTĘ—A suitable grade is avaitable as Ottawa Standard 
Sand from Thomas Scientific, 99 High Hi II Road at 1-295, 
P.O. Box 99, Swedesboro, N) 08085-0099.] 

Sand, Washed—It may be prepared as follows. Digest 
dean, hard sand at room temperaturę with a mixture of 
1 part of hydrochloric add and 2 parts of water (about 13% 
of HCI) for severai days, or at an elevated temperaturę for 
several hours. Collect the sand on a filter, wasn with water 
until the washings are neutraf and show only a slight reac- 
tion for chloride, and finalfy dry, Washed sand meets the 
following tests. 

SUBSTANCES SOLUBLE IN Hydrochloric Acid: Digest 10 g 
with a mucture of 10 mL of hydrochioric acid and 40 mL of 
water on a steam bath for A hours, replacing from time to 
time the water lost by evaporatlon. Filter, and to 25 mL of 
the fil tratę add 5 drops of sulfuric acid, evaporate, and ig- 
nite to constant weight: the residue weighs not morę than 
8 mg (0,16%). 

Chloride (Reagent test): Shake 1 g with 20 mL of water 
for 5 minutes, filter, and add to the fi It ratę 1 mL of nitric 
add and 1 mL of silver nltrate TS: any turbidity produced 
corresponds to not morę than 0.03 mg of Cl (0.003%), 

Sawdust, Purified—-It may be prepared as follows. Extract 
sawdust in a percolator, first with sodium hydroxide solution 
(1 in 100), and then with difute hydrochloric acid (1 in 100) 
until the acid percolate gives no test for alkaloid with mer- 


curic-potassium iodide TS or with iodine TS. Then wash with 
water until free from acid and soluble salts, and dry, Purified 
sawdust meets the following test. 

Alkaloids: To 5 g of purified sawdust contained In a fiask 
add 50 mL of a mixture of 2 vo!umes of ether and 1 vol- 
ume of chloroform and 10 mL of ammonia TS, and shake 
frequently for 2 hours. Decant 20 mL of the elear, ether- 
chloroform liquid, and evaporate to dryness. Dissolve the 
residue in 2 ml of dilute hydrochloric acid (1 in 12), and 
divide into two portions. To 1 portion add mercurk-potas- 
srum iodide TS, and to the other add iodine TS: no turbid¬ 
ity is produced in either portion. 

Seandlum Oxrde, Sc 2 Oj—137,91 [12060-01-1]—Rne, 

white powder. 

Secondary Butyl Alcohol—See Butyl Alcohol , Secortdary, 

Selenious Acid (Selenous Add) f H?Se0 3 —128,97 
[7783-00-8]—Colorless or white crystals, efflorescent in dry 
air and hygroscopk In moist air. Soluble in water and in 
alcohol. 

Assay: Accurately weigh about 100 mg, transfer to a 
lass-stoppered fiask, and dissolve in 50 ml of water. Add 
0 ml of potassium iodide solution (3 in 10) and 5 mL of 
hydrochloric acid, mix, insert the stopper in the fiask, and 
aflow to stand for 10 minutes. Dilute with 50 mL of water, 
add 3 mL of starch TS, and titrate with 0.1 N sodium thio- 
sulfate VS until the color is no longer dlminlshed, then 
titrate with 0,1 N iodine V5 to a bTue color. Subtract the 
volume of 0,1 N iodine solution from the volume of 0.1 N 
sodium thiosulfate to give the vofume of 0.1 N thiosulfate 
equivalent to selenious acid. Each mL of 0.1 N sodium 
thiosulfate is equivafent to 3.225 mg of H^SeO^: not less 
than 93% is found. 

INSOLUBLE Matter: Di$solve 1 g in 5 mL of water: the so¬ 
lution is elear and compiete. 

Residue on Ignition (Reagent test): not morę than 
1.0 mg (0.01 %), from 10 g. 

Selenate and Sulfate: Dissoke 500 mg in 10 mL of 
water, and add 0.1 mL of hydrochloric acid and 1 ml of 
barium chloride TS: no turbidity or precipitate is formed 
within 10 minutes. 

Selenium, Se—At, Wt. 78,96 [7782-49-2]—Dark-red 

amorphous, or bluish-black, crystalline powder, Solubfe in 
Solutions of sodium and potassium hydroxides or sulfides; 
insoluble in water. Use a suitable grade with a content of 
not less than 99.99%. 

Selenomethionine, CsHnNCbSe—196,11 [1464-42-2]— 

[Caution: Handle with care, as this reagent is highly toxic.] 
Assay: Weigh accurately about 750 mg, dissolve in 
100 mL of methanol, add crystal vio1et TS, and titrate with 
0,1 N perchloric acid to a bfue-green endpoint. Each mL 
of 0.1 N perchloric acid is equivalenl to 19.61 mg of 
CsHnN025e: between 97,0% and 103.0%, calculated on 
the as-is basis, is found, 

Meltinc RANGĘ (741): about 260°, with decomposition. 
Nitrocen Determination (461): Determine by the 
Kfeidahl method: between 6.8% and 7.4%, calculated on 
the as-is basis, is found. 

Sitka, Cakined Diatomaceous—See Diatomaceous Silka , 
Caldned . 

Silica, Chromatographk, Srlanized, Flux-Calcined, Acid- 
washed—Use a suitable grade. 

[NGTE—Suitable grades are available commercially as "Aer- 
opak 30/' "Diatoport S," and "Gas-Chrom Z/'] 

Sitka Gel—An amorphous, partly hydrated SiO^ occurring 
in glassy granules of varying size. When used as a desiceant, 
it freguently is coated with a substance that changes color 
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when the capacity to absorb water is exhausted. Such 
colored proaucts may be regenerated (i.e., may regain their 
capadty to absorb water) by being heated at 110° until the 
gel assumes the original color. 

For use as a desiccant, use ACS SNica Cel Desiccant grade. 

Silica Gel, Binder-Free— Silica gel for chromatographic use 
formulated without a binder, sińce onfy activated forms of 
the silica gel are used as the binding agent 
[Notę—A suitable grade is available commercially as "Sił- 
ica Gel H/'] 

Silica Gel, Chromatographic—Use a suitable grade. 

[Notę—A suitable grade is available commercially as "Sih 
jta Gel G."j 

Silica Gel, OctadecylsilanJzed Chromatographic—Use a 
suitable grade. 

[Notę—A suitable grade is available commercially as 
"Analtech Reversed Pnase Uniplates" from www. 
spectrumehemical.com.] 

Silica Gel, Porous—Use a grade suitable for high-pressu^e 
!iquid chromatography. 

[NOTĘ—A suitable grade for reverse phase high-pressure 
liquid chromatography ts available as 'TiChrosorb SI60, Re- 
verse Phase."] 

Silica Cel-lmpregnated Glass Microfiber Sheet—Use a 
suitable grade, 

[Notę— A suitable grade is avaifable commercially as 
"Seprachrom" Chamber with Type SG ITIC, Product No. 
51923, from Gelman instrument Co., Ann Arbor, Ml 
48106.] 

Silica Gel Mixture, Chromatographic—A mixture of silica 
gel with a suitable fluorescing substance. 

[Notę— A suitable grade is availabie commercially as "Sil¬ 
ica Gel CF 254."] 

Silica Gel Mixlure, Chromatographic, with Chemically 
Bound Amino Groups—Use a suitable grade. 

Silica Gel Mfxture, Dimethylsilanized, Chromatographic— 
Use a suitable grade. 

[Notę —A suitable grade is avaitable as "Silica Gel 60 si- 
lanized RP-2 F 2 ^/ ł from EMD Chemicals, 
www.emdchemicals.com.] 

Silica Gel Mixture, Octadecylsiianized Chromatographic— 

Use a suitable grade. 

[Notę—A suitable grade is avallable commercially as KO 
18F from Whatman Chemical Separation, Inc., 9 Bridewell 
Place, Clifton, N) 07014.] 

Silica Gel Mixture, Octylsilanized, Chromatographic—Use 
a mixture of RP-8 chromatographic silica gel with a suitable 
fluorescing substance agent, 

Silica Microspheres—Use a suitable grade. 

[Notę—A suitable grade, in a controlled-diameter, spheri- 
cal, porous form, is available commercially as "Zorbax Sil," 
from Agilent, www.agilenL.com. ] 

Siliceous Earth, Chromatographic—For gas chromatogra¬ 
phy, use a specially prepared grade meeting the following 
generał description: Purified siNceous earth of suitable mesh 
size that has been acid- and/or base-washed. It may or may 
not be silanized. 

For column partition chromatography, it is essential that 
the materiał be free from interfenng substances. (f such in- 
terferences are known or thought to be present, purify the 
materiał as follows: Place a pleaget of glass wool in the base 
of a chromatographic column having a diameter of 100 mm 
or larg er, and add Puńfied Siliceous Earth (NF monograph) 


to a height equal to 5 times the diameter of the column. 
Add a vo!ume of hydrochloric acid equivalent to one-third 
the volume of siliceous earth, and afiow the acid to perco- 
late into the column. Wash the column with methanol, u$- 
ing smali volumes at first to rinse the walls of the column, 
and continue washing with methanol until the last washing 
is neutral to moistened litmus paper. Extrude the washed 
column into shallow dishes, heat on a steam bath to re- 
move the excess methanol, and dry at 105° until the mate¬ 
riał is powdery and free from traces of methanol. Storę the 
dried materiał in well-closed containers. 

;Note —A suitable grade is "Chromosorb W-AW."] 

Notę—S uitable silanized grades for gas chromatography 
are "Gas Chrom Q," and "Chromosorb W (AW- DMCS- 
treated},] 

[Notę—A suitable grade for column chromatography is 
acid-washed "Celite 545," available from Sigma-Aldrich, 
www.sigma-aldrich.com.] 

Siliceous Earth, Chromatographic, Silanized—Place about 
450 g of pu rif ied siliceous earth in a large, open, glass crys- 
tallizing dish in a vacuum desiccator contaimng 30 mL of a 
suitable silane, e.g., a mixture of 1 vofume of 
dimethyldichlorosiiane and 1 vo!ume of trimethylchlorosi- 
fane, or a mixture of 1 volume of methyltrichlo rosi lane and 
2 volumes of dimethyldichlorosiiane. Apply vacuum inter- 
mittently for several nours, until no liquid silane remains, 
Float the treated purrfied siliceous earth on water, and gen- 
tly agitate to allow any uncoated partides to sink. Skim the 
silanized materiał ofF the surface, wash it on a sintered-glass 
funnel with warm methanol until the filtrate no longer is 
acidic, and dry at 110 e . 

Silicie Add, SiO z ■ xH 2 0— h (anhydrous) 60.08 
[1343-98-2]—Wbite, amorphous powder. Insolubie in water 
and in acids; soluble in hot Solutions of sfrong alkalies. 
Residue on Ignition (Reagent test): not less than 80.0%. 
N0NV0UTfLE With Hydrofluoric Acid: Heat 500 mg with 
1 mL of sulfuric acid and 10 ml of hydrofluoric add in a 
platinum crucibie to dryness, and ignite to constant 
welaht: the weiaht of the residue tfoes not exteed 1.0 mq 
( 0 . 2 %). 

Chloride (Reagent test): One g shows not morę than 
0.05 mg of Cl (0.005%). 

SutFATE (Reagent test): Boil 2 g with 20 mL of dilute hy¬ 
drochloric acid (1 in 40), filter, neutralize the filtrate with 
ammonla TS, and dilute with water to 20.0 mL. A 10-mL 
aliouot of the solution shows not morę than 0.1 mg of S0 4 
( 0 . 01 %). 

Heavy Metals (Reagent test): Boi! 2.5 g with 50 mL of 
dilute hydrochloric acid (1 in 10) for 5 minutes, filter while 
hot, and evaporate the filtrate on a steam bath to dryness. 
Take up the residue in 20 mL of dilute hydrochloric acid (1 
in 500), digest for 5 minutes, cool, add water to make 
100 mL, and filter. To 40 mL of the filtrate add 10 mL of 
hydrogen sulfide TS: any color produced is not darker than 
that produced by addfng 10 mL of hydrogen sulfide T5 to 
a control containing 0.03 mg of Pb (0.003%), 

Iron (241): To 20 mL of the filtrate obtained in the test 
for Heavy Metals add 1 mL of hydrochloric add, and dilute 
with water to 47 mL: the solution shows not morę than 
0.015 mg of Fe (0.003%). 

Silicie Add—fmpregnated Glass Mlcrofilament Sheets 
with Fluorescent Indkator—Use a suitable grade. 

[Notę— One example of a suitable grade is "ITLC Type 
5AF" sheets, available from Gelman Instrument Co., 600 
South Wagner Rd., Ann Arbor, Ml 48106,] 

Silicon Carbide, SiC— 40.10 [409-21-2]—In smali clean 

chips, suitable for use in promotrng ebullition. 

Silicone (75 Percent Phenyl, Methyl)—Use a suitable 
grade. 
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[NOTĘ—A suitable grade is avaifable as "GV-25T] 

Silicotungstic Atid, n-Hydrate (TungstosiHdc Add), 
H. t Si(W 3 Oio)j ■ nH 2 0—2878.17 (anhydrous) 

[12027-38-2]—Green powder. 

Assay: Dissolve about 1 g, accurately weighed, in 25 ml 
of di lute hydrochloric add (1 in 5)* Add 50 m l of a solu¬ 
tion of 5 g of cinchonine In dilute hydrochloric acid (1 in 
2). Warm on a steam bath for about 30 min, Cool, filter 
through a tared crucible, and fgnite at 800° to constant 
weight, The weight of the residue muidpiied by 1.047 is 
equai to the weight of silicotungstic add dihydrate in the 
sampte taken. Not less than 96% is found. 

Siiver Drethyldithiocarbamate, (C 2 H 5 ) 2 NCS 2 Ag—25644 
[1470-61-7]—Use ACS reagent grade. 

SiJver Ni tratę. Ag N0 3 —169.87 [7761-88-8]—Use ACS 

reagent grade, 

5ifver Oxide, Ag 2 G—231.74 [2G667-12-3]—Brownish- 

black, heavy powder. Sfowly decomposes on exposure to 
llght. Absorbs carbon dioxide when moist Practically insolu- 
ble in water; freely soluble in dilute nitric acid and in am- 
monia; insoluble in alcohoL Storę in well-cfosed containers; 
do not expose to ammonia fumes or easily oxidi 2 able sub¬ 
stances. 

Assay: Dissoive about 500 mg, previously dried at 120° 
for 3 hours and accurately weighed, in a mixture of 20 mL 
of water and 5 mL of nitric acia. Di Jutę with 100 mL of 
water, add 2 ml of ferric ammonium sulfate TS, and ti tratę 
with 6.1 N ammonium thiocyanate V5 to a permanent 
reddish-brown color, Each mL of 0.1 N ammonium thiocy¬ 
anate is equivalent to 11,59 mg of Ag 2 Q: not less than 
99.7% of Ag20 is found. 

Loss ON Dryjng: Dry it at 120° for 3 hours: it loses not 
morę than 0.25% of its weight. 

Nitrate: To 500 mg add 30 mg of sodium carbonate and 
2 mL of phenoldisulfonic acid TS, mix, and beat on a 
steam bath for 15 minutes. Cool, cautiously add 20 mL of 
water, render alkaline with ammonia TS, and dilute with 
water to 30 mL: any color produced by the test solution is 
not darker than that produced in a contro! containing 
0.01 mg of NO, (0.002%). 

Substances Insoluble in Nitric AGD: Dissolve 5 g in a 
mixture of 5 mL of nitric acid and 10 mL of water, dilute 
with water to about 65 mL, and fil ter any undissolved resi¬ 
due on a tared fil tering crucible (retain the fil tratę for the 
test for Substances Not Precipitated By Hydrochloric Add). 
Wash the crucible with water until the last washing shows 
no opalescence with 1 drop of hydrochloric add, and dry 
at 105° to constant weight: the residue weiglis not morę 
than 1 mg (0.02%). 

Substances Not Precipitated By Hydrochloric Ago: Di¬ 
lute the fil tratę obtained in the test for Substances Insoluble 
in Nitric Add with water to 250 ml, heat to boiling, and 
add, dropwfse, suffident hydrochtorlc acid to predpitate all 
of the silver (about 5 ml), avoiding any great excess. Cool, 
dilute with water to 300 mL, and allow to stand overnight 
Fil ter, evaporate 200 mL of the filtrate in a suitable tared 
porcelain dish to dryness, and ignite: the residue weighs 
not morę than 1.7 mg (0.05%). 

Alkalinityi Heat 2 g with 40 mL of water on a steam 
bath for 15 minutes, cool, and dilute with water to 50 ml. 
Filter, discarding the first 10 mL of the filtrate. To 25 mL of 
the subsequent filtrate add 2 drops of phenolphthalein TS, 
and ti tratę with 0.02 N hydrochloric acid VS to the disap- 
pearance of any pink color: not morę than 0.20 mL is re- 
quired (0.016% as NaOH). 

5Ilver Sulfate, Ag^SO*—311.80 [10294-26-5]^Use ACS 

reagent grade. 


/J-Sitosteroi, (22:23 Dihydrostigmasteroll C 29 H 5 oO—414.7 
[83-46-5]—White powder. Soluble in chloroform. Storę in a 
freezer. 

Spec FIC ROTATION (781 S>: between -33° and -39°, deter- 
mined in a solution containing 0.5 g of test specimen per 
mL of chloroform. 

Water Determinatjon, Method l (921): not morę than 

6 %. 

Soda Limę—Use Soda Ume (NF monograph), 

Sodium, Na—At. Wt. 22.98977 [7440-23-5]—Use ACS 

reagent grade. 

Sodium Acetate, NaC 2 H 3 02 ■ 3H 2 0—136.08 

[61 31-90-4]—Use ACS reagent grade Sodium Acetate Trihy- 

drate. 

Sodium Acetate, Anhydrous, NaCjbUOż—82.03 
[127-09-3]—Use ACS reagent grade. 

Sodium Alizarinsulfonafe (Alizonn Red 5; Alizarin Sodium 
Monosulfonate), C^H/NaO/S - H 2 0—360.27—Yelfow-brown 
or orange-yellow powder. Freely soluble in water, with pro- 
duction of a yellow color; sparingly soluble in alcohoL 
Senshweness: Add 3 drops of a solution of it (1 In 100) 
to 100 mL of water, and add 0.25 mL of 0.02 N sodium 
hydroxide; a red color is produced. Add 0,25 mL of 0.02 
N hydrochloric acid: the odginał yellow color returns, 

Sodium Ammonium Phosphate—See Sodium Ammonium 
Phosphate Tetrahydrate. 

Sodium Ammonium Phosphate Tetrahydrate (Microcosmic 
Salt), NaNH 4 HP0 4 ■ 4H 2 0—209.07—Color less crystals or 
white granules. Freely soluble in water; insoluble in alcohoL 
Effloresces in air and ioses ammonia. 

Insoluble Matter and Ammonium Hydroxide Preciptate 
Analysis; Dissolve 10 g in 100 ml of water, add 10 mL 
of ammonia TS, and heat on a steam bath for 1 hr. If 
any predpitate is formed, filter, wash welt with water, 
and ignite, 

Acceptance criteria: NMT 1 mg (0.01%) 

Chloride (Reagent test): One g shows NMT 0.02 mg of 
O ( 0 . 002 %). 

Heavy Metals 

Analysis: Dissolve 3 g in 25 mL of water, add 15 mL of 
1 N sulfuric add, then add 10 mL of hydrogen sulftde TS. 
Acceptance criteria: Any brown color developed in 1 
min is not darker than that of a contro! containing 3 mL 
of Standard lead solution TS and 0.5 mL of 1 N sulfuric 
acid (0.001%), 

NlTRATE 

Analysis: Dissolve 1 g in 10 mL of water, add 0.1 mL of 
indigo carmine TS, then add, with stirring, 10 mL of sul- 
furic acid. 

Acceptance criteria: Biue color persśsts for 10 min 
(about 0.005%). 

Sulfate (Reagent test, Method If) 

Analysis: Dissolve 10 g in 100 mL of water, add 5 mL of 
hydrochloric acid, and filter if necessary. 

Acceptance criteria: NMT 5 mg (0.02%) 

Sodium Arsenale (Arsen/c Acid; Sodium Salt% Na 2 HAsCh • 
7H 2 0—312.01 [1004 8-95-0]—4Jse ACS reagent grade, 

Sodium Arsenite, NaAsG 2 —129.91 [7784-46-5]—White, 
crystalline powder. Soluble in water; slightly soluble in alco¬ 
hoL 

Assay: Transfer about 5.5 g, accurately weighed, to a 
500-mL volumetrie fiask, dissolve tn and dilute with water 
to volume, and mix. Pipet 25 ml of this solution into a 
suitable Container, add 50 mL of water and 5 g of dibasic 


Reagents 




Reagents 


2390 Reagent Specifications / Reagents 


U5P40 


sodium phosphate, swlrl to dissolve, and titrate with OJ N 
jodine VS, aading 3 ml of starch TS as the endpoint is 
approached* Eacn ml of 0.1 N iodtne is equivalent to 
3,746 mg of As* Between 57,0% and 60.5% is found 
(equivalent to 98*8% to 104.9% of NaAs0 2 ). 

Chloride (Reagent test): One g shows not morę than 
0.10 mg of Cl (0,01%). 

Heavy Metals: Dissolve 200 mg in 8 mL of dilute hycro- 
chloric add (3 in 8), and evaporate on a steam bath to 
dryness* Dissolve Lhe residue in 5 mt of dilute hydrochloric 
add (2 in 5), and again evaporate to dryness. Dfssolve Lhe 
residue in 10 mL of water, and add 2 mL of diluted acettc 
add and 10 ml of hydrogen sulfide TS, Any brown coor 
produced ts not darker than that of a contro! containing 
0*01 mg of added Pb (0.005%), 

Iron: Dissolve 1 g in 20 mL of dilute hydrochloric acid (1 
in 5), and add, dropwise, a slight excess of bromine TS* 
Boli the solution to remove the excess bromine, cool, di- 
lute with water to 40 ml, and add 10 ml of ammonium 
thiocyanate solution (3 in 10). Any red color produced is 
not darker than that of a eon troi containing 0,02 mg of 
added Fe (0.02%)* 

Sulfide: Dissolve 1 g in 20 mL of water, and add 5 drops 
of iead acetate TS: no brown color r$ produced (about 
0*0005%)* 

Sulfate (Reagent test, Method II): DissoIve 5 g in 100 ml 
of water, add methyl orange TS, neutralize with 1 N hy- 
drochlonc acid, add 3 mL of the acid in excess, and fllter: 
the fil tratę yields not morę than 3 mg of residue (0*02%)* 

Sodium Azide, NaN 3 —65*01 [26628-22-8]—White pow- 

der* 

ASSAY 

[Caution: Sodium azide is a potent poison. Its conju- 
gate acid HN ; is morę toxic than hydrogen cyanlde and is 
readily llberated from neutral agueous Solutions. Contact 
of NaH 3 or hydrazoic acid (HNi) with certain metals nnay 
produce expfoslve salts. Work in a well-ventilated hood, 
and handle the sample with care.] 

Dis$olve about 100 mg, accurately weighed, in 50 ml of 
water, and acid 3 drops of phenoipnthaiein* Adjust the pH, 
if necessary, to 7.0, and add 35,0 ml of 0*1 N perchlonc 
acid* Pipet, whife stirrlng, 2*5 ml of 1.0 M sodium nitrite 
into the solution, and stir for ISseconds. Tilrate rapidly to 
the phenolphthalein endpoint with 0.1 N sodium hydrox- 
ide* The endpoint should be reached in less than 4 min- 
utes after adaition of perchloric acid because MN 3 is readily 
volatile, Calculate the percentage of azide by the formula: 

[(N P )(Vp) - (Ns)(V s )](65*01)(100)/2C 

where N P is the normality of perchloric acid solution; V P is 
the volume of perchioric acid, in mL, taken; N s is the nor¬ 
mality of sodium hydroxide solution; V s ts the vo!ume, in 
mL, of sodium hydroxide taken; 65.01 is the molecular 
weight of sodium azide; and C is the weight, in mg, of 
sodium azide* Not less than 98.5% of NaN 3 ts found. 

Sodium Bkarbonate, NaHCCh—&4.01 [144-55-8]—Use 

ACS reagent grade. 

Sodium Biphenyl, CizhbNa—176.19“-Available as a solu¬ 
tion in 2-ethoxyethyl ether, or in 1,2-dimethoxyethane (di- 
ethylene glycol di ether)* 

Activity: Place 20 mL of dry toluene in a titration fiask 
eąuipped with a magnetic stirring bar and a stopper hav- 
ing a hole through which the defivery tip of a weight bu- 
ret may be inserted. Add a quantity of sodium bipnenyl 
sufficient to produce a blue color tn the mixture, and ti- 
trate with amyl alcohoi, contained in a weight bu ret, to 
the disappearance of the blue color. (Disregard the 
amounts of sodium biphenyl and amyl alcohoi used in thśs 
adjustment.) Weigh accurately the weight buret containing 
the amyl alcohoi. Transfer the contents of a vial of well- 


mixed test specimen to the titration fiask, and trtrate 
guickly with the amyl alcohoi to the disappearance of the 
blue color. Weigh the buret to determine the weight of 
amyl alcohoi consumed, and calculate the activity, in m£q/ 
vial, by the formula: 

Result = 11.25W 

in which W is the weight of amyl alcohoi consumed. NLT 
10% activity is found* 

Iodine Content: Add 10 mL to 5 mL of toluene contained 
in a 125-mL separator fitted with a suitable inert plastic 
stopcock, and shake vigorousfy for 2 min* Extract gently 
witn three 10-rnL portions of dilute phosphoric acid (1 in 
3), combinmg the lower phases in a 125-mL iodine fiask. 
Add sodium nypochforite TS, dropwise, to the combined 
extracts until the solution turns brown, then add 0,5 mL in 
excess* Shake intermittently for 3 min, add 5 mL of freshly 
prepared, saturated phenoi solution, mix, and allow to 
stand for 1 min, accurately timed. Add 1 g of potassium 
iodide, shake for 30 s, add 3 ml of starch TS, and titrate 
with 0.1 N sodium thiosulfate VS: NMT 0.1 ml of 0.1 N 
sodium thiosulfate is consumed, 

[NOTĘ—A suitable grade is available as catalog number 
2771 34 from www.sigma-aldrich.com or as catalog num¬ 
ber 54101 from www.gfschemicals.com.] 

Sodium Biphosphate, NaHaPO* ■ H 2 0—137.99—Use ACS 
reagent grade Sodium Phosphate, Monobasic. 

Sodium Bisulfite [7631-90-5]—This reagent is usually a 

mixture of sodium bisulfite and sodium metabisuffite 
[7681-57-4], llse ACS reagent grade Sodium Bisulfite* 

Sodium Bitartrate, NaHC*jH 4 0 6 . * H z O—190.08 
[6131-98-2]—White crystals or a crystalline powder. Soluble 
rn cold water. 

Assay; Dissolve about 500 mg, accurately weighed, in 
30 mL of water, add phenolphthalein TS, and titrate with 
0*1 N sodium hydroxide VS; each mL of 0.1 N sodium 
hydroxide is equiva!ent to 19.01 mg of NaHC 4 H 4 06* H?0* 
Between 99% and 100.5% is found. 

Insoluble MattIR (Reagent test): not morę than 1 mg, 
from 10 g (0*01%). 

Chloride (Reagent test): One g shows not morę than 
0.2 mg of Cl (0.02%). 

Heavy Metals (Reagent test): Dissolve 4 g in 25 mL of 
water, add 2 drops of phenolphthalein TS, and then add 
ammonia TS, dropwise, until the solution is slightly pink. 
Add 4 mL of 1 N hydrochloric acid, dilute with water to 
40 mL, and add 10 mL of hydrogen sulfide TS: any brown 
color produced is not darker than that of a eon troi con¬ 
taining 0*04 mg of added Pb (0,001%)* 

Sulfate (Reagent test, Method /)■ One g shows not morę 
than 0*2 mg of SOa (0,02%). 

Sodium Bora te (&orox; Sodium Tetraborate), Na 2 B,j07 ■ 

10H 2 O—381.37 [1 303-96-4]—Use ACS reagent grade. 

[MOTE—Certified Borax rs available from the National Insti- 
tute of Standards and Technology, Washington, DC, www* 
nist*gov, as standard sample No. 187.] 

Sodium Borohydride, NaBH**—37.83 [16940-66-2]— 

White, crystalltne solki. Freely soluble in water; soluble (with 
reaction) in methanoL Its Solutions are rapidly decomposed 
by boiling. 

Assay 

Potassium iodate solution: Di$so!ve 8.917 g, previously 
dried at 110° to constant weight and accurately 
weighed, in water to make 1000*0 mL. 

Procedurę: Dissolve about 500 mg, accurately weighed, 
in 125 mL of sodium hydroxide solution (1 in 25) in a 
250-mt volumetrtc fiask, dilute with the sodium hydrox- 
ide solution to volume, and mix. Pipet 10 mL of tne solu- 
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tion into a 250-mL iodine fiask, add 35.0 ml of Potassium 
lodate solu tion, and mix. Add 2 g of potassium iodide, 
mix, add 10 mL of dilute sulfuric acid (1 in 10), insert the 
stopger in the fiask, and allow to stand in the dark for 
3 mrnutes* Titrate the solution with OJ N sodium thiosul- 
fate VS, adding 3 mL of starch TS as the endpoint rs ap- 
proached. Calculate the amount, in mg, of NaBH 4 in the 
specimen titrated by the formula; 

([(35.G)(0*25)] - 0JV)4.729 

in which V is the volume, in mL, of OJ N sodium thio- 
sulfate used in the titration* Not fess than 98% is found. 

Sodium Bromide, NaBr-^102.89 [7647-15-6]-^Use AC5 

reagent grade. 

Sodium Carbonaie—Use Sodium Corhonote , Anhydrous. 

Sodium Carbonate, Anhydrous, Na^CCh—105*99 
[497-19-8]—Use ACS reagent grade. 

Sodium Carbonate, Monohydrate, Na-jCOj - 1^0—124*00 
[5968-11-6]—Use ACS reagent grade. 

Sodium Chloride, NaCI—58*44 [7647J 4-5]—Use ACS 

reagent grade* 

Sodium Chloride Solution, Isotonk—Use Salinę TS * 

Sodium Cholate Hydrate (32a-tnhydroxy-Sp-dmlan- 
24-oic add sodium 50 /f; cholalk add sodium salt), 

C^H^NaOs ’ *H?0—430,55 (anhydrous) [206986-87-0]— 
It can be from ox or sheep bile* Use a suitable grade witn a 
content of not less than 99%. 

Sodium Chromate, NajCrCt ■ 4H 2 0—234*03 
[7775-11-3]—Lemon-yellow crystals* Soluble in water. 

Assay: Accurately weigh about 300 mg, and dissolye in 
10 mL of water contarned in a 500-mL Tlask. Add 3 g of 
potassium iodide and 10mL of diluted sulfuric add, and 
dilute with 350 ml of oxyqen-free and carbon dioxide-free 
water* Titrate the liberatea iodine with 0.1 N sodium thio- 
sulfate VS, adding 3 mL of starch TS as the endpoint is 
approached, Eath mL of 0.1 N sodium thiosulfate con- 
sumed is equivalent to 7*802 mg of Na^CrO^ * 4hhO, Not 
less than 99% is found. 

In soluble Matter (Reagent test); not morę than 1 mg, 
from 20 g dissolved in 150 mL of water (0.005%). 
Aluminum: Dissolve 20 g in 140 mL of water, fil ter, and 
add 5 mL of glacial acetic acid to the filtrate. Add stronger 
ammonia water until alkaline, and digest for 2 hours on a 
steam bath. Pass through hardened fiiter paper, wash thor- 
oughly, ignite, and weigh: the residue weigns not morę 
than 0.8 mg (0.002%). 

Calcium: Determine as directed En the test for caldum for 
ACS reagent grade Potassium Chromate (0.005%). 

Chloride: Determine as directed in the test for chloride 
for ACS reaaent qrade Potassium Chromate (about 
0.005%). 

SULFATE: Determine as directed in the test for suffate for 
ACS reagent grade Potassium Dichromate, but add 4.5 ml 
of hydrochloric add to the water used to dlssolve the test 
specimen: the residue weighs not morę than 2*4 mg 
( 0 . 01 %). 

Sodium Chromotropate—See Chromotropk Add * 

Sodium Citrate Di hydra te (2~Hydroxy* 1,2,3 -propanetri- 
carboxylic Add, Trisoaium Salt, Dihydrate), Na 3 C ć Hs07* 

2 HjO—294*10 [61 32-04-3]—Use ACS reagent grade. 

Sodium Cobaltinitrite, Na 3 Co(N02)ó—403*94 
[13600-98-1]—Use ACS reagent grade* 


Sodium Cyanide, NaCN—49.01 [1433-33-9]—Use ACS 

reagent grade* 

Sodium l-Decanesulfonate (l-Decanesuifonk Add Sodium 
Salt), CioHziNaOjS— 244*33 [13419-61 -9]—Use a suitable 

grade for ion pair chromatography with a content of not 
less than 99*0%. 

Sodium Desoxycholate—Use Bile Salts. 

Sodium Dichromate, H^CtzO? ■ 2 H 2 O (for chromie acid 
cleantng mixture)—298.00 [7789-12-0]—Use ACS rea¬ 
gent grade. 

Sodium Diethyldithiocarbamate, (OHs^NCS^Na * 3H 2 0— 
225.31 [20624-25-3]—Use ACS reagent grade* 

Sodium 2,2-dimethyl-2-sifapentane-5-sulfonate—See So¬ 
dium 3Ątrimethyisiiyf)-1 -propane su ifona te. 

Sodium Dithionite—Use Sodium Hydrosuffite * 


Add the following: 


A Sodium 1-Dodecanesulfonate (1 *Dodecanesulfonic Add So¬ 
dium Sak), CuHasNaSCh—272*38 [2386-53-0]—Use a 

suitable grade with a content of NLT 99%. a usp^ 

Sodium Dodecyl Suffate (Sodium Laury / Sulfate), 
CizH^SOaNa—288*38 [151 -21 -3]—LigKt yeltow, crystal- 

iine powder. 


Sodium Ferrocyanide, Na 4 Fe(CN)$ * IOH 2 O—484.06 
[13601 -1 9-9]—rellow crystals or granules. Freely soluble in 
water. 

Assay: Dissolve 2 g, accurately weighed, in 400 mL of 
water, add 10mL of sulfunc acid, and titrate with 0*1 N 
potassium permanganate V5. Each mL of 0.1 N potassium 
permanganate is equivalent to 48*41 mg of Na 4 Fe(CN) 6 * 
lOHjO. Not less than 98% is found* 

Insoluble Matter (Reagent test): not morę than 1 mg, 
from 10 g (0*01%)* 

Chloride (Reagent test): Dissolve 1 g in 75 mL of water, 
add a solution prepared by dissolving 1.2 g of cupric sul¬ 
fate in 25 mL of water, mix, and allow to stand for 15 min¬ 
ut es, To 20 mL of the decanted, elear liquid add 2 mL of 
nitric acid and 1 mL of silver nitrate TS; any turbidity pro- 
duced does not exceed that of a contro! containing 
0.02 mg of Cl, 2 mL of nitric acid, 1 mL of siiver nitrate TS, 
and surcictent cupric sulfate to mateh the color of the Test 
solution* 

Sulfate: Dissolve 5 g in 100 mL of water without heating, 
fiiter, and to the filtrate add 0*25 mL of glacial acetic acid 
and 5 ml of barium chloride TS: no turbidity is produced 
in 10 minutes (about 0.01% as S0 4 }* 





Sodium Fluorescein, GoTboNaiOs—376.28—Orange-red, 
hygroscopic powder. freely soluble in water; slightly soluble 
in alcohoL Its water solution is yellowish red in color and 
exhibits a strong yellowish green fluorescence that disap- 
pears when the solution is addified and reappears when the 
solution is neutralized or madę basie* 

Loss on Drying (731): Dry it at 120° to constant weight: 
it loses not morę than 7.0% of its weight 


Sodium Huorfde, NaF^tl.99 [7681-49-4]—Use ACS re¬ 

agent grade. 


Sodium Clycocholate, C26H42NNa06—487.60 
[863-57-0]—Whi te to tan powder. Is hygroscopic. Freely sol¬ 
uble in water and in alcohol. 


Reayt: 
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Specjfic Rotatjon (781): between +28° and +31 calcu- 
lated on the dried basis (it is rendered anhydrous by dry- 
ing at 100° for 2 hours), determined at 20* in a solution 
containing 10 mg per mL 

Nitrogen Determinatfon <461), Method /: between 2.6% 
and 3.2% of N is found, calculated on the dried basis. 

Sodium 1-Heptanesulfonate (1-Heptanesulfonk Add Sodium 
Salt), C 7 HisNaO,S—202.25 [22767-50-6]—Use a suitable 
grade. 

Sodium 1-Heptanesulfonate Monohydrate, GHisNaOiS ■ 
H 2 O—220.26 [22 76 7-50-6]—Use a suitable grade. 

Sodium 1-Hexane$ulfonate (J*Hexonesulfonic Acid Sodium 
Salt), C 6 HuNaO a S—188.22 [2832-45-3]—Use a suitable 
grade. 

Sodium 1-Hexanesulfonate Monohydrate, CńHnNaGaS ■ 
H z O—206.23 [2832-45-3]—Use a suitable grade. 

Sodium Hydrogen Sulfate (Sodium Bisulfate), NaHSCh— 
120.06 [7681-38-1]—Freely soluble in water; very soluble 

in boiiing water. It decomposes in alcohol into sodium sjI- 
fate and free sulfuric add. Use a suitable reagent grade. 
Meltinc Point (741): about 315°. 

Sodium Hydrosulfite (Sodium Dithionite), Na 2 S 2 O 4 -i 74 .il 
[7775-14-6]—White or grayish-white crystalline powder. Sol¬ 
uble in water; slightły soluble in alcohof. Cradually oxidizes 
in air, morę readily when in solution, to bisulfite, acquiring 
an acid reaction, Is affected by light. 

Assay: Accuratefy weigh about 1 g, dissofve it in a mix- 
ture of 10 ml of formaldehyde TS and 10 ml of water 
contained in a smali glass-stoppered fiask, and allow to 
stand for 30 minutes with frequent agitation. Transfer the 
solution to a 250-mL vofumetric fiask, add 150 ml of 
water and 3 drops of methyl orange TS, and then add, 
dropwise, 1 N sulfuric acid to a slightly acid reaction. Di- 
lute with water to 250 ml, and mix. To 50.0 mL of the 
dilution add 2 drops of phenolphthalein TS and just suffh 
cient 0.1 N sodium hydroxide to produce a slight, pink 
color, then Utratę with 0.1 N iodine, adding 3 mL of starch 
TS as the indicator. Then discharae the blue color of the 
solution with 1 drop of 0.1 N sodium thiosulfate, and ti- 
trate with 0.1 N sodium hydroxide VS to a pink color: 
each mL of 0,1 N sodium hydroxide is equivalent to 
3.482 mg of Na^SzOa- Not less than 88% is found. 

Sulfide: Add sodium hydroxide solution (1 in 10) to lead 
acetate TS untrl the precipitate dissolves. Add 5 drops of 
this solution to a solution of 1 g of the sodium hydrosulfite 
in 10 ml of water: no immediate darkening is observed, 
Heavy Metals: Dissolve 1 g in 10 ml of water, add 10 mL 
of hydrochloric acid, and evaporate on a steam bath to 
dryness. Dissolve the residue in 20 mL of water and 0.5 mL 
of diluted hydrochloric acid, filter, and add to the filtrate 
10 mL of hydrogen sulfide TS: no darkening is produced. 
Render the solution alkaline with ammonia TS: a slight, 
greenish color may be produced, bul not a dark or white 
precipitate. 

Suitability for Riboflavin Assay: To each of 2 or morę 
tubes add 10 mL of water and 1.0 mL of a standard ribo- 
flavin solution containing 20 pg of riboflavin in each mL, 
and mix. To each tubę add 1.0 ml of gladal acetic add, 
mix, add with mixing, 0.5 mL of potassium permanganate 
solution (1 in 25), and allow to stand for 2 minutes. Then 
to each tubę add, with mixing, 0.5 mL of hydrogen perox~ 
ide TS: the permanganate color is destroyed within 
10 seconds, Shake the tubes viqorousfy until excess oxygen 
is expelled, If gas bubbies remain on the sfdes of tubes 
after foaming nas ceased, remove the bubbies by tipping 
the tubes so that the solution flows slowly from end to 
end. !n a suitable fluorometer, measure the fluorescence of 


the solution. Then add, with mixing, 8.0 mg of sodium 
hydrosulfite: the riboflavin is completely reduced in not 
morę than 5 seconds. 

Sodium Hydroxide, NaOH—40.00 [1310-73-2]—Use 

ACS reagent grade. 

Sodium Hypochlorite Solution [7681-52-9]—A solution of 
sodium hypochlorite (NaCIO) in water. Usually yellow to 
yelfowlsh-green in color. Has an odor of chłonne. Is affected 
by light and graduafly deteriorates. Storę it in light-resistant 
containers, preferabfy below 25°. [CAUTION: This solution is 
corrosive and may evolve gases that are corrosive and toxic 
It i$ a powerful oxidant that can react violently with reduc- 
ing agents. It is irritating and corrostve to skin and mucous 
membranes.] 

Assay: Transfer about 3 mL to a tared, glass-stoppered io¬ 
dine fiask, and weigh accurately. Add 50 mL of water, 2 g 
of potassium iodide, and 10 mL of acetic acid. Insert the 
stopper in the fiask, and allow to stand In the dark for 10 
min. Remove the stopper, rinse the walls of the fiask with 
a few mL of water, and titrate the liberated iodine with 
0.1 N sodium thiosulfate VS, adding 3 mL of starch TS as 
the endpoint is neared. Each mL of 0.1 N sodium throsuł- 
fate consumed is eguivalent to 3.722 mg of NaCIO: NLT 
5.25% is found. If it is desired to caicuiate the percentage 
of availabfe chłonne, notę that each ml of 0,1 N sodium 
thiosulfate consumed is equtvaient to 3.545 mg of availa- 
ble chłonne, 

Calcium: Transfer 10.0g to a 150-mL beaker, dissolve in 
10 mL of water, and add 5 mL of hydrochloric acid and 
2 g of potassium iodide. Heat the mixture for 5 min, cool, 
and add 2 mL of 30% hydrogen peroxide. Evaporate to 
dryness, cool, and add 2 mL of hydrochiorie add and 2 mL 
of 30% hydrogen peroxide. Rinse the inner walls of the 
beaker with a rew mL of water, and evaporate to dryness, 
Take up the residue in 20 mL of water, and filter if neces- 
sary. To the filtrate add ammonium hydroxide until the 
solution is just alkaline, then add 4 drops of ammonium 
hydroxide and 5 mL of ammonium oxalate TS: any turbid- 
ity produced within 15 min does not exceed that in a 
blank containing 0.1 mg of added ca (dum carned through 
the entire procedurę (0.001%). 

Phosphate (Reagent test): Transfer 2 g to a beaker, and 
add 5 mL of hydrochloric acid and 2 g of potassium io¬ 
dide, Heat the solution for 5 min, and cool. Add 2 mL of 
30% hydrogen peroxide, and evaporate the solution to 
dryness. Rinse tne walls of the beaker with a few mL of 
water, and add 2 mL of hydrochloric add and 2 ml of 
30% hydrogen peroxide, Evaporate agam to dryness: the 
residue shows NMT 0.01 mg of RCU (5 ppm), 

Sodium lodate, Nal0 3 —197.9 [7681-55-2]—White to 

yellowish-white powder. Use a suitable reagent grade. 

Sodium Lauryl Sulfate: See Sodium Dodecyl Sulfate. 

Sodium Metabisulfite, Na 2 S z Os—190.11 [7681-57-4]— 

Use ACS reagent grade, 

Sodium Metaperrodate, Na(0.r —213.89 [7790-28-5]— 

Use ACS reagent grade Sodium Periodate. 

Sodium Methoxide, CH,ONa—54.02 [124-41 -4]—Fine, 
white powder. Reacts violently with water with evolution of 
heat, Soluble in alcohol and in methanol. 

Assay: Transfer about 220 mg to a tared, glass-stoppered 
fiask, and weigh accurately. Dissolve the test spedmen in 
about 10 mL of methanol, then add 100 ml of water 
slowly, with stirring. Add phenolphthalein TS, and titrate 
with 01 N hydrochloric acid V$ to a colorless endpoint: 
each mL of 0.1 N hydrochloric add V5 is equivalent to 
5.402 mg of CH 3 ONa. Not less than 98.0% is found. 
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Sodium Moiybdate, Na 2 Modi ■ 2H 2 0—241,95 
[7631-95-0]—4J$e ACS reagent grade. 

Sodium Ni tratę, NaNOj—84,99 [7631-99-4]—Use ACS 

reagent grade, 

Sodium Ni tri te, Na N0 2 —69.00 [7632-00-0]—Use ACS 

reagent grade, 

Sodium Nitroferricyanide (Sodium Nitroprusside), Na 2 Fe 
{NO)(CN)s ■ 2H 2 0—297,95 [1 3755-38-9]—Use ACS rea¬ 

gent grade, 

Sodium 1-Octanesulfonate—See Gctanesulfomc Add So¬ 
dium Salt. 

Sodium Oxalate, Na Z C 2 0 4 —134,00 [62-76-0]—Use ACS 

reagent grade, 

[NOTĘ—Sodium Oxalate of a quality suitable as a primary 
standard Es availabte from the Orfice of Standard Rererence 
Materials, National Instkute of Standards and Technology, 
Washington, DC, www.nist.gov, as standard sampie No. 
40J 

Sodium (tri) Pentacyanoamino Ferrate [Trisodium 
Aminepentacyanoferrate (3-)], Na 3 [Fe(CN) 5 NHj]—271.93 
[14099-05-9]—Yeliow to tan powder, Soluble in water, 
SoiufliUTY: Dissolve 500 mg in 50 ml of water, and allow 
to stand for 1 hour; the solution is elear and free from 
foreign matter. 

Sensitivity 

1,l-Dimethylhydra2ine standard solution: Place 
500 ml of water in a 1 -L volumetnc fiask, and add from 
a buret 1 27 mL of anhydrous 1,1-dimethylhydrazine. Di- 
lute with water to yolume, and mix. Pipet 10 mL of this 
solution into a 100-mL volumetric fiask, and diiute with 
water to volume. Each mL of this solution contains the 
equivalent of 100 pg of 1,1-dimethylhydrazine. 

Buffer solution: Transfer 4.8 g of dtric add monohy- 
drate to a 1-L volumetric fiask, dissolve in water, add 
14.6g of sodium phosphate, swirl to dis$oive, and diiute 
with water to yolume. 

Test Preparation: Dissdve 100 mg of sodium 
(tri)pentacyanoamino ferrate in 100 mL of water. 
Procedurę: Into each of five 25-ml volumetric flasks pi¬ 
pet 0 mL, 0.25 mL, 0.50 mL, i ,0 mL, and 1.5 mL, respec- 
tive!y, of 1,1 -Dimethylhydrazine standard solution; to each 
add 15 mL of Buffer solution, and swirl to mix. To each 
fiask, add by pipet 2 mL of Test preparation , mix, diiute 
with Buffer solution to voiume, and allow to stand for 
1 hour. Using a suitable spectrophotometer, 1-cm cells, 
and the solution containing no 7, 1-Dimethylhydrazine 
standard solution as the blank, determine tne absorbantes 
of the remaimng Solutions at 500 nm. Plot the observed 
absorbance as tne ordinate yersus the concentration of 
standard as the abscissa on coordinate paper, and draw 
the curve of best fit, The plot is linear and the absorb¬ 
ance of the 150-pg solution is not less than 0.65. 

Sodium 1-Pentanesulfonate (1 -Pen tan es ulfonic Add Sodium 
Salt) f CŚHiiNbOjS * H 2 0—192.21 [207605-40-1]^Use a 

suitable grade with a content of NLT 98.0%. 

Sodium l-Pentanesulfonate, Anhydrous (1 -Pentanesulfonic 
Add Sodium Salt; Anhydrous), CsHi i SCbNa—174.19 
[22767-49-3]—Use a suitable grade with a content of NLT 
98%. 

Sodium Perchlorate, NaCIChHiO—140.46 
[7791-07-3]—Use ACS reagent grade. 

Sodium Peroxide, Na 2 0 2 —77,98 [1313-60-6]^Use ACS 

reagent grade. 


Sodium Phosphate, Dibasic (Disodium Phosphate; Disodium 
Hydrogen Phosphate; Sodium Phosphate , Dibasic f 
Heptahydratel Na 2 HPO, ■ 7H z O—268.07 [7782-85-6]— 

Use ACS reagent grade Sodium Phosphate, Dibasic, 
Heptahydrate. 

Sodium Phosphate, Dibasic, Anhydrous (Anhydrous Diso¬ 
dium Hydrogen Phosphate) (for buffer Solutions ), Na 2 HP0 4 — 
141.96 [7558-79-4]—Use ACS reagent grade Sodium 

Phosphate, Dibasic, Anhydrous. 

Sodium Phosphate, Dibasic, Dihydrate (Sodium 
Monohydrogen Phosphate; Disodium Hydrogen Phosphate), 
Na 2 HP0 4 ' 2H z O—177.99 [10028-24-7]—Use a suitable 

grade with a content of not less than 99.5%. [NOTĘ—A 
suitable grade is available from www.emdchemicals.com, 
catalog number SX0713.] 

Sodium Phosphate Dibasic, Dodecahydrate (Disodium Hy¬ 
drogen Phosphate, Dodecahydrate), Na 2 HP0 4 * 12HiO— 
358.14 [10039-32-4]—Use a suitable grade with a eon- 

tent of between 98.0% and 102.0% of Na 2 HP0 4 * 12H 2 0. 

Sodium Phosphate, Dibasic, Fleptahydrate (Disodium Hy¬ 
drogen Phosphate Heptahydrate; Disodium Phosphate), 
Na 2 HPO., - 7 FbO—268,07 [7782-85-6]—Use ACS reagent 

grade. 

Sodium Phosphate, Monobasic (Sodium Biphosphate; So¬ 
dium Dihydrogen Phosphate; Add Sodium Phosphate; 
Monosodium Orthophosphate), NaH 2 PCV H 2 Q—137.99 
[1004921-5]—Use ACS reagent grade. 

Sodium Phosphate, Monobasic, Anhydrous (Sodium 
Biphosphate; Sodium Dihydrogen Phosphate; Add Sodium 
Phosphate; Monosodium Orthophosphate), NaH 2 P04—119.98 
[7558-80-7]—Use a suitable grade with a content of not less 
than 99.0%. 

Sodium Phosphate, Monobasic, Dihydrate (Sodium 
Dihydrogen Phosphate , Dihydrate), NaH^PO^ * 2H 2 0—156.01 
[1 3472-35-0]—Use a suitable grade with a content of not 
less than 99.0%. 

Sodium Phosphate, Tribasic, Na 3 PQ 4 - 12H 2 0—380.12 
[10101 -89-0]—Use ACS reagent grade. 

Sodium Phosphite Pentahydrate (Disodium Hydrogen 
Phosphite), Ma 2 HP0 3 • 5 H 2 0—216.04 [13517232]—Use a 

suitable grade with a content of not less than 98%. 

[Notę—A suitable grade is ayailable from Fluka, www. 
sigma-aldrich.com, catalog number 04283,] 

Sodium Pyrophosphate, N^PaO? ■ 10H 2 O—446.06 
[13472-36-1]—Use ACS reagent grade. 

Sodium Pyruvate, CH}COC0 2 Na—110.04 [11324-6]— 
White to practlcaily white powder or crystalline solid. Solu¬ 
ble In water. 

Assay: Transfer about 300 mg, accurately weighed, to a 
high-form titration beaker, add 150 mL of glacial acetic 
acid, and stir untrl dIssolved. Titrate with 0.1 N perchloric 
acid VS, determining the end point potentiometrically, us¬ 
ing a glass electrode and a caiomel electrode modified to 
use 0.1 N tetramethylammonium chloride in methano! as 
the efectrolyte. Perform a blank determlnation, and make 
any necessary correction, Each mL of 0/f N perćhforfc acid 
is equivalent to 1 1 .00 mg of CH 3 CGC0 2 Na: not less than 
98,0% is found. 

SOlUBiLfTY: Dissofve 1.5 g in 25 mL of water: the solution 
is elear and complete. 

Free Acid: Dissofve 10 g in 150 mL of water, and titrate 
with 0.5 N sodium hydroxide VS, determining the 
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endpoint potentiometrically: not morę than 2.8 mL of 0.5 
N sodium hydroxide is consumed (about 1% as CsFhOi). 

Sodium Safkylate [54-21-7]—It complies with the spedfica- 
tions under Sodtum Salicylate (USP monograph), and in ad- 
dition meets the requirements of the following test. 

Nitrate; Dissolve 100 mg in 5 mL of water, and superim- 
pose the solution opon 5 mL of sulfunc add; no brownish- 
red color appears at the junction of the two ltquids. 

Sodium Selenlte, Na^SeCb—172.94 [10102-18*8]— 
White, odorless, crystalline powder, usually partially hy* 
drated. Freeiy soluble in water; insoluble in alcohol. 

Assay: Accurately weigh about 1 80 mg, previousfy dried 
at 120° to constant weight, and dissolve it in 50 mL of 
water in a glass-stoppered fiask. Add, successively, 3 g of 
potassium iodide and then 5 mL of hydrochloric acid, in¬ 
sert the stopper, and allow to stand for 10 minutes. Add 
50 mL of water, 50.0 mL of 0.1 N sodium thiosulfate VS, 
and 3 mL of starch TS, and immediately titrate with OJ N 
iodine VS to a blue color Perform a blank determination. 
The difference in volumes of 0.1 N iodine is equrvalent to 
4.323 mg of Na 2 Se0 3 . Between 98% and 101% is found. 
Solubjlity: One g in 1 0 mL of water shows not morę 
than a farnt haze. 

Carbonate: To 500 mg add 1 mL of water and 2 mL of 
diluted hydrochloric add: no effervestence is produced, 
Chloride (Reagent test): A 500-mg portion shows not 
morę than 0.05 mg of Cl (0.01%). 

Nitrate (Reagent test): A 200-mg portion dissolved in 
3 mL of water shows not morę than 0.02 mg of NOj 
( 0 . 01 %). 

SelenATE and SULFATE (as 5 O 4 ): To 500 mg in a smali 
evaporating dish add 20 mg of sodtum carbonate and 
10 mL of hydrochloric acid. Slowty evaporate the solution 
on a steam bath under a hood to dryness. Wash the sides 
of the dish with 5 ml_ of hydrochloric acid, and again 
evaporate to dryness. Dissolve the residue in a mixture of 
15 mL of hot water and 1 mL of hydrochloric acid. Pro- 
ceed as directed under Sulfote in Reagents (Reagent test, 
Method f), beginning with "Filter the solution." The test 
specimen shows no morę turbidity than that produced by 
0.15 mg of S0 4 (0.03%). 

Sodium Stearyl Fumarate (Fumaric Add Octadecyl Ester So¬ 
dium Salt , Fumaric Add Steuiyl Ester Sodium Suit , Sodium 
Octadecyj Fumarate), C^HhpNaO*—390.54 [4070-80-8]— 

Use a sukable grade with a conlent of NLT 98.0%. 

[Notę—A suitable grade is availabie as catalog number 
50879 from www.tcichemicals.com.] 

Sodium Sulfate (Claubeds Salt), Na^SO**10H 2 O—322.20 
[7727-73-3]—Use ACS reagent grade. 

Sodium Sulfate, Anhydrous, Na^SO.i—142,04 
[7757-82-6]—Use ACS reagent grade. 

For use in assaying alkaloids by gas-liquid chromatogra- 
phy, it conforms to the following addftional test. 

SUITABIUTY FOR Alkaloid ASSAYS: Transfer about 10 mg of 
atropinę, accurately weighed, to a 25-mL volumetrk fiask, 
dissolve in and d ilu te with alcohol to volume. Pipet 3 mL 
of the solution into eacfi of two 60-mL separators, and 
add to each 10 mL of water, 1 mL of 1 N sodium hydrox- 
Ede, and 10 mL of chloroform. Shake thoroughly, and al¬ 
tów the layers to sępa ratę. Filter the organie phase from 
one separator through phase-separating paper, previously 
washed with 5 mL or chloroform, supported in a funnel, 
and collect the filtrate in a suitable Container. Add TOmL 
of chloroform to the separator, shake thoroughly, and filter 
the organie layer through the same phase-separating pa¬ 
per, cotlecting and combining the fiftrates in the same 
Container. Designate the combined filtrates as Solution A. 
Filter the organie phase from the second separator 


through 30 g of the Anhydrous Sodium Sulfate, supported 
on a pledget of glass wool in a smali funnel, and previ- 
ously washed with chloroform, and collect the filtrate in a 
suitable Container. Add 10 mL of chloroform to the 
separator, shake thoroughly, and filter the organie layer 
through the same portion of anhydrous sodium sulfate, 
collecting and combining the two filtrates in the same 
Container. Designate the combined filtrates as Solution 8. 
Evaporate the two Solutions in vacuum to a volume of 
about 1 mL. Inject an accurately measured volume of Solu - 
tion A into a suitable gas chromatograph, and record the 
peak height. Repeat the determfnation with a second ac¬ 
curately measured volume of Solution A, record the peak 
height, and obtain the average of the two resuits. In a 
similar manner, determine the peak height of two portions 
of Solution B, and obtain the average of the resuits. The 
average value obtained for Solution 8 is within 5.0% of the 
value obtained for Solution A. 

Under typical conditions, the gas chromatocjraph con- 
tains a 4-mm x 1.2-m glass column packed with 3% phase 
G3 on packing 51 A. After curing and conditioning, the 
column temperaturę is maintained at 210°, the injector 
port temperaturę at 225°, and the detector błock tempera¬ 
turę at 240° during the determinations. The carrier gas is 
helium, flowing at a ratę of 60 mL per minutę. 

Sodium Sulfate Decahydrate—Use Sodium Sulfate . 

Sodium Sulfide, Na a S - 9H 2 0—240.18 [1313-84-4]—Use 

ACS reagent grade. 

Sodium Sulfite—Use Sodium Sulfite, Anhydrous. 

Sodium Sulfite, Anhydrous (Ex$iccated Sodium Sulfite), 
Na 2 S0 3 —126.04 [7757-83-7]—Use ACS reagent grade. 

Sodium p-Sulfophenylazochromotropate [Trisodium Salt of 
4,5 - Dih yaroxy - i - (p - sulfoph enyl a zo )-2,7-naph tha! en edis ul fon ic 
Addl Cł( J H 9 N 2 Na 30 iiS 3 ■ 3H 2 0—624.47—Bright red powder. 
Very soluble in water; insoluble in alcohol, Combines with 
zirconium oxychloride to form a soluble pink zirconium lakę. 

[NOTĘ—The reagent is available as Catalog No. 7309 from 
Distillation Products Industries, Eastman Organie Chemicals 
Depf, Rochester, NY 14650. A procedurę for its preparation 
is described in Z. AnaL Chem., 14ó, 417 (1955).] 

Sodium Tartrate, NazCTbOń * 2H 2 0—230.08 
[6106-24-7]—Use ACS reagent grade. 

Sodium Tetraphenyflborate, NaBfCfcHs).*—342.22 
[143-66-8]—Use ACS reagent grade. 

Sodtum Tetraphenylboron—See Sodium Tetraphenylborate. 

Sodium Thioglycolate (Sodium Thloglycoliate), 
HSCH 2 COONa—114.10 [367-51-1]—A white, crystalline 

owder. Very soluble in water; slightly soluble in alcohol. Is 
ygroscopic, and oxidizes in air. Storę in tight, light-resistant 
containers. It should not be used tf it is pale yellow or 
dar ker in color. 

Assay: Accurately weigh about 250 mg, and dissolve in 
50 mL of oxygen-free water. Add 5 ml of diiuted hydro- 
chloric acid, boil for 2 minutes, cool, and titrate the sofu- 
tion with OJ N iodine VS, addrng 3 mL of starch TS to- 
ward the end: each ml of OJ N iodine is equivalent to 
11.41 mg of HSCHzCOONa. Not less than 75% is found. 
Insoluble Matter: A solution of 1 g in 10 mL of water is 
elear, and practically complete. 

Sulfide: Dissolve 500 mg in 10 mL of water in a smali 
fiask, add 2 mL of hydrocnloric add, then place a strip of 
filter paper, moistened with lead acetale TS, over the 
moutn of the fiask, and bring the solution to a boil: the 
lead acetate paper is not damened. 
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Sodiom Thiosulfate, NazSiOi - 5H 2 0—248,19 
[10102-17-7]—Use A CS reagent grade. 

Sodium L-ThyrGxine—Use Levothyroxine Sodium (USP mon¬ 

ograph). 

Sodium 3-(trrmethylsiiyI)-1-propane sulfonate (Sodium 2 f 
2 -dimethyf-2-silapentane-5-suttonate), C^HisSiNaOsS— 
218.32—Use a suita ble grade. 

Sodium Tungstate, NazWCh - 2H 2 0—329,85 
[10213-10-2f—Use ACS reagent grade, 

Soluble Starch—See Storch , Soluble. 

Solvent Hexane—See Hexane, SofvenL 

Sorbitol—Use Sorbitof (NF monograph). 

Stachyose Hydrate, C 24 H 42 O 21 * xFi 2 0—-666.58 
[10094-58-3]—Use a suitabfe grade. 

Standard Sand, 20 - to 30-Mesh—See Sond, Standard 20 - 
to 30-mesh, 

Stannous Chloride, SnCI 2 ■ 2H 2 0—225,65 
[10025-69-1 ]—Use ACS reagent grade, 

Starch, Potato—The starch separated from the tubers of So- 
ianum tuberosum Linne (Fam. Solanaceae), A morę or less 
finely granular powder, eonsisting of starch grains of charac- 
teristrc shape and appearance when examined microscopi- 
cally. 

Starch, Soluble (for hdimetry) [9005-84-9]—Use ACS rea¬ 
gent grade, 

Starch, Soluble, Purified: White, amorphous powder; 
under mkroscopic examination it shows the characteristic 
form of potato starch, Soluble in hot water; very slightly 
soluble in alcohol. 

Test Solution for Determination of pH and SENsmvuy: 

Stir 2.0 g in 10 mL of water, add boiling water to make 
100 mL, and boil for 2 minutes, The hot solution is almost 
elear. On coofing, the solution may become opalescent or 
turbid, but does not gel. Use it as the Test soiutton. 

Phi (791): The pH of the Test solution is between ó.O 
and 7,5, 

Sensitivity: Mix 2.5 mL of Test solution , 97,5 mL of 
water, and 0.50 mL of 0,010 N iodine: a distinct blue 
color resuits, and it disappears upon the additJon of 
0.50 mL of 0.010 N sodium thiosulfate, 

Absorbance: Prepare a pH 5.3 buffer solution by dissofw 
ing 43.5 g of sodium acetale (trihydrate) and 4,5 mL of 
glacial acetic acid in water, transferring the resultant solu¬ 
tion to a 250-mL volumetric fiask, adding water to vol- 
ume, and mixing. 

Dissolve 1.00 g of Soluble Purified Starch in 2.5 mL of 
the buffer solution by warming, transfer to a 100-mL volu- 
metric fiask, add water to volume, and mix. Add 0.50 mL 
of Lhis solution to a 100-mL volumetric fiask containing 
aboul 75 mL of water, 1 mL of 1 N hydrochloric add, and 
1.5 mL of 0.020 N iodine, swirling the fiask during the 
addition, Add water to volume, mix, and ailow to stand in 
the dark for 1 hour. The absorbance of this solution, meas- 
ured at 575 nm in a 1 -cm celf against a blank, is between 
0.5 and 0,6. 

REDUCING Substances; Shake 10.0 g with 100 mL of water 
for 15 minutes, and allow to settle for about 12hours. Fil¬ 
ier a portion of the supematant through fine sintered 
glass. To 50 mL of the fittrate add 50 mL of alkaline eupric 
tartrate TS, and boil for 1 to 2 minutes. Filter the resultjng 
cuprous oxide, wash it with hot water and then with alco¬ 
hol, and dry it at 105 a for 2 hours: not morę than 47 mg 


is found, corresponding to 0,7% of reducing sugars as 
maltose. 

Loss ON DRYtNG {731); Dry it at 1 05° for 2 hours; it loses 
not morę than 10% of its weight. 

Residue on Ignition (281): not morę than 0.5%, 

Stearic Acid, CiaFtjsOz—284.48 [57-11-4]—Hard, white 

crystals or amorphous, white powder, Freely soluble in chlo¬ 
roform and in ether; soluble in alcohol and in solvent hex- 
ane. 

Congeaung Temperaturę (651): between 67° and 69°. 
Acid Value (401): between 196 and 199. 

Iodine Value (401): not morę than 1, 

SapOnification Value (401): between 197 and 200. 
pALMmc AciD: Determine as directed in the Assay under 
Stearic Add (NF monograph): not morę than 5.0% is 
found. 

Stearyl Alcohol (1-Octadecanol), CisFUO—270.49 
[112-92-5]—White flakes, granules, or crystals. Soluble in al¬ 
cohol, in ether, in acetone, and in benzene; insoluble in 
water. 

Melting Rance (741): between 56° and 58°. 

Other Requirements: li conforms to the tests for Add 
Value ; Iodine Value f and Hydroxyi Value under Stearyl Alco- 
hol (NF monograph). 

Stronger Ammonia Water—See Ammonia Water, Stronger. 

Strontium Acetate, Sr(CH 3 COO) 2 ♦ 7;tH 2 0—214.72 
[543-94-2]—White, crystalline powder. Soluble in 3 parts of 
water; slightly soluble in alcohol. 

Assay: Ignite about 3g, accurately weighed, in a plati- 
num crucibie, protecting from sulfur in tne ffame, Cool, 
transfer the crucibie witn the residue to a beaker, and add 
50 mL of water and 40.0 mL of 1 N hydrochloric acid VS. 
Boil gently for 30 minutes or longer, ir necessary; filter; 
wash with hot water unttl the washings are neutral; add 
methyl red T$; and titrate the excess acid with 1 N sodium 
hydroxide VS. Each mL of 1 N hydrochloric add Is equiva- 
lent to 107.4 mg of 5r(CHjCOO)2 * V^H:jO: not less than 
99% is found. 

Insoluble Matter (Reagent test): not morę than 2 mg, 
from 10 g (0,02%). 

Free Alkali or Free Acid: Dissolve 3 g in 30 mL of water, 
and add 3 drops of phenolphthalein TS: no pink color is 
produced. Titrate with 0.1 N sodium hydroxide V5 to a 
ink color: not morę than 0.30 mL of tne 0.1 N sodium 
ydfoxide is requtred. 

Bariom: Dissolve 1 g in 10 mL of water, and add 1 drop 
of glacial acetic add and 5 drops of potassium dichromate 
solution (1 in 10): no turbidity is produced within 2 min¬ 
utes (about 0.02%). 

Caloum: Ignite 1 g until completely carbonized, Warm 
the residue with a mixture of 3 mL of nitric acid and 

1 0 mL of water, filter, wash with 5 mL of water, and evap- 
orate the filtra te on a steam bath to dryness. Powder the 
residue, and dry it at 120° for 3 hours. Ref!ux the dried 
powder with 15 mL of dehydrated alcohol for 10 minutes, 
cool in ice, and fifter. Repeat the extraction with 10 ml of 
dehydrated alcohol. Evaporate the combined filtrates to 
dryness, add 0,5 mL of sulfunc acid, and ignite: the weight 
of the residue is not morę than 10 mg (0.3% of Ca), 
Chloride (Reagent test): One g shows not morę than 

0.1 mg of Cl (0,01%). 

Heavy Metals (Reagent test): 0.001%. 

Iron (241): Dissolve 1,0 g in 45 mL of water, and add 

2 mL of hydrochloric acid: the solution shows not morę 
than 0.01 mg of Fe (0.001%). 

Alkali Salts: Dissolve 2 g in 80 mL of water, heat to boil¬ 
ing, add an excess of ammonium carbonate TS, boil for 
5 minutes, dilute with water to 100 ml, and filter. Evapo- 
rate 50 mL of the filtrate, and ignite: the residue, after cor- 
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recting for the tgnltion residue from half the voiume of the 
elear ammonium carbonate TS used above, is not morę 
than 3 mg (0.3%), 

Nitrate; Dissolve 1 g in 10 mL of water, add 0.10 mL of 
indigo carmine TS, and then add 10 ml of suJfu ric acid: 
the blue color persists for 5 minuto (about 0.01% of 
N0 3 ). 

Stron tłum Hydroxide (Strontium Hydroxide Octahydrote), 
Sr(OH) 2 ■ 8H 2 Q—265.76 [18480-07-4]—Wh i te, crystalline, 

free-flowing powder. Sparingly soluble in water. May absorb 
carbon dioxide from the air. Keep tightly dosed. 

Assay and Carbonate: Accurately weigh about 5 g, dis- 
solve in 200 mL of warm carbon dioxide-free water in a 
glass-stoppered, 500-mL fiask, add phenolphthalein TS, 
and titrate with 1 N hydrochloric acid VS to determine the 
hydroxide alkalinity. Tnen add methyl orange TS, and ti¬ 
trate with 1 N hydrochloric add VS. Each mL of 1 N hy¬ 
drochloric add reouired to reach the phenolphthalein 
endpoint is equivalent to 132,9 mg or $r(On) 2 ■ 8H 2 0, and 
each additional mL of 1 N hydrochloric acid VS reguired to 
reach the methyl orange endpoint is equivalent to 
73.8 mg of SrCOj. Not less than 95.0% of 5r{OH) 2 * 8H?0 
and not morę than 3.0% of SrCOi are found. 

Chloride (Reagent test): Disso1ve 1.0 g in 1 00 mL of 
water, and filter if necessary: 1.0 mL of the solution shows 
not morę than 0.01 mg of Ci (0.1%). 

Calcium (Reagent test) 

Test solution: Dissolve 5.0 g in water, and dilute with 
water to 100 mL. 

Sample solution: Dilute 10,0 mL of the Test solution 
with water to 100 mL. 

Contro! solution: To 10,0 mL of the Test solution add 
0.50 mg of calcium ion (Ca), and dilute with water to 
100 mL. 

Procedurę: Determine the background emission at 
416.7 nm: the limit is 0,1%. 

Iron: Dissolve 1 g in warm water, and dilute with water 
to 100 mL. To 20 mL of this solution add 2 mL of hydro¬ 
chloric add and 0,1 mL of 0.1 N potassium permanganate, 
allow to stand for 5 minutes, and add 3 mL of ammonium 
thiocyanate solution (3 in 10). Any red color producec is 
not darker than that of a control containing 0.03 mg of 
added Fe (0.015%). 

Heavy Metals: Di$solve 2.0 g in 14 mL of dilute hydro¬ 
chloric add (1 in 6), and evaporate on a steam batn to 
dryness, Take up the residue in 25 mL of water, filter, and 
dilute with water to 100 ml (Tesf solution ). To 5.0 mL of 
the Test solution add 0.02 mg of lead (Pb), and dilute with 
water to 30 ml, to provide tne standard. For the test spec- 
imen, use 30 mL of the Test solution . Adjust each solut on 
with diluted acetic acid or ammonia TS to a pH between 
3.0 and 4.0 (using short-range pH paper), dilute with 
water to 40 mL, and add 10VnL of freshly prepared hydro- 
gen sulfide TS: any brown color developed in the sample 
solution is not darker than that in the contro! solution 
(0.004%), 

Strychninę Sulfate, (C 2 tH 22 N 2 0 2 ) 2 ■ H 2 50 4 ■ 5H 2 Q^856.98 
[60-41-3]—Colorfess or white crystals, or a white, crystalline 
powder. Its Solutions are levorotatory. One q dissolves in 
about 35 parts of water, in 85 mL or alcohoT, and in about 
220 mL of chloroform. Insolubię in ether. 

Solubility: A solution of 500 mg in 25 mL of water is 
complete, elear, and colorless, 

Residue on Icnitidn (Reagent test): not morę than 0,1%. 
BrugnE: To 100 mg add 1 mL of dilute nitric acid (1 in 
2 ): a yellow color may be observed, but not a red or ned- 
dtsh-brown color. 

Styrene-Dwinylbenzene Anion-exchange Resin, 50- to 
100-Mesh—See Anion-exchange Resin , 50- to 100-Mesh , 5fy- 
rene-Divinylbenzene. 


Styrene-Diviny1benzene Cation-exchange Resin, Strongly 
Acidic—See Cotion-exchange Resin , Styrene-Divinylbenzene , 
Strongly Acidic. 

Styrene-DMnylbenzene Copolymer Beads—Neutral, po- 
rous, cross-linked beads, 200-400 mesh, molecular weight 
operating rangę up to 2,000 (based on beads fully swollen 
in benzene). Suitable for use in the gel permeation separa- 
tion of Itpophilic pofymers and other solu to requiring or¬ 
ganie eluant. 

[NOTĘ—A suitable grade is available commercially as "Bi- 
oBeads 5-X" from Bio-Rad, www.bio-rad.com.] 

Sucdnic Add, C 4 H 6 Cu— 118.09 [110-15-6]—Use AC5 re¬ 

agent grade. 

Sudan III, C 22 H, fi N 4 0—352.39 [85-86-9]—Red to red- 

brown powder. Use a suitable grade. 

Assay: When tested by thin-layer chromatography (see 
Chromatography (621 })with the use of plates coated with 
chromatographic silica gel mixture and a developing sys¬ 
tem consisting of a mixture of hexane and ethyl acetale 
(80:20), and examined under short-wavelengtn UV llght, a 
single spot is exhibited, with tracę impurities. 

Sudan IV, Cz^N ,0—380.44 [85-83-6]—Brown to red- 

dish-brown powder. 

ASSAY: Transfer about 25 mg, accurately weighed, to a 
100-mL vo!umetric fiask. Dissolve in chloroform, dilute 
with chloroform to volume, and mix, Dilute 2,0 mL of the 
resulting solution with chloroform to 50.0 mL. Determine 
the absorbance of this solution in 1 -cm cetls at the wave- 
length of maximum absorbance at about 520 nm, with a 
suitable spectrophotometer, using chloroform as the blank. 
Calcu la te the percentage of Sudan IV in the test specimen 
taken by the formula: 

(100A)/(85C) 

in which A is the absorbance at 520 nm and C is the 
concentration of the test specimen in g per L. Not less 
than 90% is found. 

Loss on Drying (731): Dry it at 105 D for 2 hours: it loses 
not morę than 10% of its weight, 

Sulfamerazine (4-Amino-N-(4^methyl-2-pyrimidinyl)- 
benzenesulfonamide), CnHrzN.iOzS—264.30 [127-79-7]— 

Use a suitable grade with a content of NLT 99.0%. 

Sulfamk Acid, HSOjNH 2 —97.09 [5329-14-6]—Use ACS 

reagent grade. 

Sulfanilamide, C ń H B N 2 0 2 S—172.20 [63-74-1]—Use USP 

Sulfanilamide Melting Point RS. 

Sulfaniftc Acid, p-NH 2 C6H 4 SOjH ■ H?0—191,21 
[121-57-3]—Use ACS reagent grade. 

Sulfatase Enzyme Preparation—Use a suitable grade. 

[Notę— A suitable grade is availabfe commercially under 
catalog number S-9626 from Sigma-Aldrich, Web site: www. 
sigma-aldrich.com.] 

Sulfathiazole Sodium (4-AminQ-N-2-thiQżolytbenzenesulfona- 
mide Sodium Salt), C,HaN 3 Na0 2 S 2 —277.29 [144-74-1]— 
Use a suitable grade. 

Sulfonie Acid Catton-exchange Resin—See C ation-ex- 
change Resin , Suffonk Add. 

Sulfosalkylic Add, C6H 3 (COOH)(0H)(SO 3 N)-1,2,5 • 2H 2 0— 
254,22 [97-05-2]—Use ACS reagent grade. 

Sulfur—Use Predpitated Sulfur (USP monograph). 
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Suffur Dioxide Detector lube: A fuse-sealed glass tubę so 
designed that gas may be passed through it and containing 
suitable absorbing filters and support media for an iodrne- 
starch indicator* 

MEASURING rance: 1 to 25 ppm. 

[MOTE—Available from Draeger Safety, fnc, www. 
draeger.com, or from Castec Corp., www.gastec.co4p, dis- 
tributed in the USA by www.nextteq.com.j 

Sulfuric Add, H 2 $Ch—98*08 [7664-93-9]—Use ACS rea¬ 

gent grade. 

Sulfuric Acid, Diluted (10 percent)—Cautiously add 57 ml 
of sulfuric acid to about 100 ml of water, coof to room 
temperaturę, and dilute with water to 1000 mL 

Sulfuric Acid, Fluorometric—Use ACS reagent grade Sulfu- 
ric Acid that conforms to the followtng adaitional test: 
Fluorescence: Using a suitable fluorometer having a 
sharp cut-off 360-nm excitation fifter and a sharp cut-off 
415-nm excitation filter, determine the fluorescence of the 
sulfuric acid in a cuvette prevtously rinsed with water fol- 
lowed by several portlons of the add under examination; 
the fluorescence does not exceed that of guinine sulfate 
solution (1 in 1,600,000,000), similarly measured. 

Sulfuric Acid, Fuming, H 2 SO .1 plus free SO* [8014-95-7]— 
having a nominał content of 15%, 20%, or 30% of free 
S 0 3 —Use ACS reagent grade (containing between 15*0% 
and 18*0%, between 20*0% and 23.0%, or between 30.0% 
and 33.0% of free SCh). 

Sulfuric Acid, Nitrogen Free, H 2 SO 4 —98.08 
[7664-93-9]—Use a suitabfe grade, 

[Notę —A suitable grade is available as Sulfuric Acid, Ultrex 
II, catalog number 6902-05 from www,avantormatenals 
.com.] 

Sulfurous Acid, hhSO]—82.08 [7782-99-2]—A water so¬ 

lution of sulfur dioxide. Use ACS reagent grade. 

Sunflower Oli [8001-21-6]—Use a suitable grade. 

Supports for Gas Chromatography—See supports for gas 
chromatography in Chromatogrophy (621), Cnromato* 
grap hic Reagents, 

Tannic Acid (Tannin) [1401-55-4]—Use ACS reagent grade. 

Tartaric Acid, H 2 C 4 H 4 06—150.09—Use ACS reagent grade. 

tert-Butyl Hydroperoxide Solution (T-HYDRO, TBHP% 
C 3 Hto02-“90*12 [75-91 “2]—70%, by weight, in water. 

[Notę —A suitable grade is avai!able as catafog number 
458139 from www.sigma-aldrich.tom*] 

Butyl Alcohol, Tertiary, (CH^iCOH—74.12 [75-65-0]— 

Use ACS reagent grade fert-Butyl Alcohol. 

Testosteron e Benzoate (4-Androsten-1 3-one benzo- 

ote) t C Zfi H u O 3 —392.54—Use a suitable grade. 

2',4',5',7'-Tetrabromofluorescein (Eosin Y f Eosin Yeliowish, 
Eosin Broma £5, Solvent Red 43 f Add Red 87), CzoHaB^Os— 
167.8 [630-20-6]—Dark red to brown powder. Solubility 

0.1% in water (elear orange solution). Use a suitable grade. 

Tetrabromophenolphthalein Ethyl Ester, C 2 2 Hi 4 Br 4 Ch— 
661.96—Use ACS reagent grade. 

Tetrabutylammonium Bromide, (CiH^NBr—322.37 
[1643-19-2]—Use ACS reagent grade. 


Tetrabutylammonium Hydrogen Sulfate, C 16 H 17 NO 4 S— 
339.54 [32503-27-8]—Whlte, crystafline powder. Soluble 

m alcohol yieldlng a slightly hazy, colorless solution* 

AssaY: Dissolve about 170 mg, accurately weighed, in 
40 mL of water. Titrate with 0,1 N sodium hydroxide VS, 
determining the endpoint potentiometricafly, Perform a 
blank determination and make any necessary correctlon. 
Each ml of 0.1 N sodium hydroxide is equivalent to 
33.95 mg of Ci 6 H]?N0 4 S* Not less than 97*0% is found* 
Meltinc Rance (741): between 169° and 173°. 

Tetrabutylammonium Hydrogen Sulfate lon Pairfng Rea¬ 
gent—A mlxture of tetrabutylammonium hydrogen sulfate 
and phosphate buffer* Use a suitabfe grade, 

[NOTĘ—A suitable grade is avaifable as catalog number 
WAT084189 from the Waters Corporation (www*waters* 
com),] 

0*4 M Aqueous Tetrabutylammonium Hydroxide, 
CióH^NO—259*47 [2052-49-5]— Use a suitable grade* 

[Notę—A suitable grade is available as catalog number 
420120025 from www.fishersci.com.] 

Tetrabutylammonium Hydroxide, 1*0 M in MethanoJ 
[2052-49-5]—Use a suitable grade. 


Change to read: 

Tetrabutylammonium Hydroxide 30-Hydrate, C 16 H 37 NO • 
30HaO—799,93 *[ 147741 - 30-8J*^ )£ r—Use a suitable 

grade with a content of NLT 98.0%. 

Tetrabutylammonium Hydroxrde, 40 Percent in Water, 
[CHjfCHrfJłNOH—259*47 [2052-49-5]—Use a suitable 
grade. 

Tetrabutylammonium lodlde, (C*iHęj) 4 N1-369.37 
[311-28-4]—White, shiny, crystalline flakes. Soluble in alco¬ 
hol and in ether; slightly soluble in water. 

ASSAY: Dissolve 370 mg, accurately weighed, in 60 ml of 
acetone with yigorous stirring* 5tir the solution by me- 
chanical means, add 10 ml of 16% sulfuric acid, and ti¬ 
trate with 0.1 N 5 ilver nitrate V$, determining the 
endpoint potentiometrically, using a glass-silver eleetrode 
system, and addfng the titrant in 0 . 1 -mL inerements as the 
endpoint is approached. Perform a bfank determination, 
and make any necessary correct ions* Each mL of 0*1 N 
$ilver nitrate is equivalent to 36.94 mg of (OH^NI: not 
less than 99.0% is found. 

Tetrabutylammonium Phosphate, (C ł Hp), [ NHjPO.i—339.46 
[5574-97-0]—White to off-wnite powder* Soluble in water. 
AssaY: DissoIve about 1,5 q, accurately weighed, in 
100 mL of water. Without delay, titrate with 0.5 N sodium 
hydroxide V5, determining the endpoint potentiometrr- 
cally. Perform a blank determination, and make any neces¬ 
sary correetion. Each ml of 0.5 N sodium hydroxide is 
equlvafent to 169.7 mg of (CłH^NH^PO^. Not less than 
97.0% is found. 

Tetradecylammonium Bromide (Tetmkis(decytyammonium 
Bromide), C^H^BrN—659.01 [14937-42^9]—Use a suita¬ 
ble grade with a content of NLT 99%. 

2,3,7,8-‘Tetrachlorodrbenzo-p-dioxin, 13 C-Iabeled, 
13 Ci 2 H^CLOj^—333.84—Clear, colorless liguid* 

ASSAY: Inject an appropriate vo!ume into a gas chromato- 
graph (see Chromatography (621)) eąuipped with an dec- 
tron-capture detector, helium being usea as the carrier 
gas. The following conditions have been found suitable: a 
0.25-mm x 30-m capillary column coated with a 1-pm 
layer of phase C 2 ; the infection port temperaturę is main- 
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tained at 300°; the detector temperaturę ts maintained at 
300°; and the column temperaturę is maintained at 70° 
and programmed to rise 15° per minutę to 300°. The area 
of the 13 Ci 2 H 4 Ch 03 peak is not less than 99,0% of the totai 
peak area. 

[Notę—A suitable grade is available from Cambridge 
Isotopes Laboratories (www.isotope.tom).] 

2,3,7,8-Tetrachlorodibenzofuran, 13 C4abeled, 
l3 C] 2 H 4 CLO—317,84—Gear, colorless liquid. 

Assay: Inject an appropriate voJume into a gas chromato- 
graph (see Chromaiography (621)) eguipped with an elec- 
tron-capture detector, helium being used as the carrier 
as. The following conditions have been found suitable: a 
.32-mm x 60-m capilfary column coated with a 1 -pm 
layer of phase G27; the injection port temperaturę is main¬ 
tained at 300°; the detector temperaturę is maintained at 
350°; and the column temperaturę is maintained at 70° 
and programmed to rise 15° per minutę to 275*. The area 
of the ttĆ,aH 4 CI 4 0 peak is not less than 99.0% of the total 
peak area. 

[Notę— A suitable grade is avaifable from Cambridge 
Isotopes Laboratories (www.isotope.com).] 

1,1,2,2-Tetraehloroethane, C a H 3 CU—167.8 [630-20-6]— 

Colorless dear liguid. Specifk gravity: 1.553. Refractlve in- 
dex at 20° is 1.481. Use a suitable grade. 

Tetracosane, C 24 —338.66 [646-31-1]—White pow- 

der. 

Meltinc Rangi (741): between 51° and 53°. 

Tetradecane, C\ąH m —198.39 [629-59-4]—Clear, cofor- 

less liquid. 

Assay: When examined by gas-liquid chromatography, it 
shows a purity of not less than 98%. The following cohdi- 
tions have been found suitable for assaying the reagent: a 
3-mm x 2.4-m stainless Steel column packed with phase 
Cl 6 on support 51; the carrier gas is nelium, flowing at a 
ratę of 27.5 mL per minutę; the column temperaturę is 
maintained at 250°, the injection port ts maintained at 
200*, and the detector is maintained at 280*. A flame- 
iontzadon detector is employed, 

MELTINC Rance, C/oss // (741): between 4° and 8°, within 
a 2° rangę, 

Refractjye Indek (831): between 1.4280 and 1.4300 at 
20 °. 

Tetraethylammonium Perchlorate, (C^HsJjNCiO^— 

229,70—White crystals. Soluble in water. Use a suitable 
grade. 

Tetraethylene Glycol, C 8 Hi* Oj—194.23 [112-60-7]— 

Nearly colorless Iiquid. Refractive index: about 1.46. 

Assay: When examined by gas-fiquid chromaiography, 
using suitable gas chromatographic apparatus and condi¬ 
tions, it shows a purity of not less than 90%, 

Boilinc Rance (Reagent test): between 177° and 187°, at 
a pressure of 9 mm of Hg. 

Tetraethylenepentamine, C s H-nNs—189.31 
[112-57-2]—Colorless liqutd. 

Assay: Inject an appropriate volume into a gas chromato- 
graph (see Chromaiography (621)) eguipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated wtth a 1-pm layer of 
phase G2; the injection port temperaturę is maintained at 
250°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is maintained at 150° and pro¬ 
grammed to rise 10 D per minutę to 280°. The area of the 
CaHzaNs peak is not less than 30% of the total peak area. 


REFRAOWE INDEX (831): between 1.503 and 1.507 at 2Q Q . 

Tetraheptylammonium Bromide, (C ? Hi 5 ) 4 NBr—490.70 
[4368-51-8]—White, flaky powder. 

Meltinc Rance (741): between 89° and 9P. 

Tetrahexylammonium Hydrogen Sulfate, Cz^HiiNO^S— 
451.75 [32503-34-7]—Use a suitable grade with a con- 
tent of not less than 98.0%. 

Delta-8-tetrahydrocannabinol (A-8- Tetrahydrocannabinol), 
QiH 3 q 0 3 —314.47 [5957-75-5]—Use a suitable grade 

whieh may be a solid materia! or a solution in methanol. 
[Notę— A suitable grade of a methanolic solution (1 mg/mL) 
is availab!e from www.cerilliant.com, catalog number T- 
032.] 


Change to read: 

Tetrahydrofuran, QH fl O—72,11 [109-99-9]—Use ACS 

reagent grade. 

a Fgr Chromatographic Appucation: Use a suitable grade, 
inhibftór-free, with a cantem of NLT 99.9%^^ 

Tetrahydrofuran, Peroxide-Free, CH s O—72,11—Use ACS 
reagent grade. 

PeroxidE: Transfer 8 ml of potassium iodide and starch 
TS to a 12-ml ground glass-stoppered cylinder about 
15 mm in diameter. Fili completely with the substance 
under test, mix, and allow to stand protected from light 
for 5 minutes. No color devefops. 

Tetrahydrofuran, Stabllizer-Free: Use a suitable grade. 

Tetrahydro-2-furancarboxylic Ac id (±Tetrahydro-2-furok 
Add), CsHaOj—116.12 [16874-33-2]—Use a suitable 

rade with a content of not less than 97%. [Notę—A suita- 
le grade is available from www.sigma-afdrich.com, catalog 
number 34151 7.] 

W-(2-Tetrahydrofuroyl)piperazine (1 -[(Tetrahydro-2-fura- 
nytycarbonylfpiperażine), Hi aNjOj—t 84.23—Use a suitable 

grade. 

[NoTE—A suitable grade can be obtained from EMS-DOT- 
TIKON, www.ems-dottikon.ch,] 

1,2,3,4-Tetrahydronaphthafene, CioHiż— 132.21 
[119-64-2]—Colorless Jiquid. 

Refractwe Index (831): 1.5401 at 20*. 

Tetramethylammonium Bromide, (CHO-tNBr—154,05 
[64-20-0]—Use ACS reagent grade. 

Tetramethylammonium Chloride, (CH 3 ) 4 NCI—109.60 
[75-57-0]—Colorless crystals. Soluble in water and in alco- 
hol; insoluble in chloroform. 

Assay: Transfer about 200 mg, accurately weighed, to a 
beaker, add 50 mL of water and 10 mL or diluted nitric 
acid, świr! to dissolve the test spetimen, add 50.0 mL of 
0.1 N $ilver nitra te V$, and mtx. Add 2 mL of fenie ammo- 
nium sulfate TS and 5 mL of nitrobenzene, shake, and ti- 
trate the excess silver nitrate with 0.1 N ammonkim Lhio- 
cyanate VS: each ml of 0.1 N sllver nitrate is equivalent to 
10.96 mg of (CH^NCI. Not less than 98% is found. 

Tetramethylammonium Hydroxide, (CHsJ^NOH—91.15 
[75-59-2j“Available as an approximately 10% or approxi- 
mately 25% agueous solution, or as the crystalline pentahy- 
drate. Is elear and colorless. Tetramethylammonium hydrox- 
tde is a stronger base than ammonia and rapidly absorbs 
carbon dioxide from the air. Storę in tight containers. 
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ASSAY: Accurately weigh a glass-stoppered fiask contain- 
Ing about 15 mL of water. Add a quantity of a solution oł 
tetramethylammonium hydroxlde, equivalent to about 
200 ma of (CH^NOH, and again weigh. Add methyl red 
TS, and titrate the solution with 0.1 N hydrochloric acid 
VS; each mL of 04 N hydrochloric acid ts equivalent to 
9.115 mg of (CH 3 ) 4 NOH. 

Residue on Evaporation: Evaporate 5 mL of solution on a 
steam bath, and dry at 105° for 1 hour: the weight of the 
residue is equivalent to not morę than 0.02% of the 
weigh t of the test specimen. 

Ammonia and Other Amines: Accurately weigh a quantity 
of solution, corresponding to about 300 mg of 
(CHi) 4 NOH, in a low-form weighing bottle tared with 
5 mL of water, Add a slight excess of 1 N hydrochloric acid 
(about 4 mL), evaporate on a steam bath to dryness, and 
dry at 105° for 2 hours: the weight of the tetramethylam- 
monium chloride so obtained, multiplied by 0.8317, repre- 
sents the quantity, in mg, of (CH^NGH in the portlon of 
test specimen taken andcorresponds to within 0.2% 
above or below that found in the Assay. 

Tetramethylammonium Hydroxide, Renta hydrate, 
(CHjJ^NOH - SHjO—181.23 [10424-65-4}—White to off- 

white crystals. Is hygroscopic, Strong base. Keep well-dosed. 
Soluble m water and in methanol. 

AssaV: Accurately weigh about 800 mg, dissofve in 
100 mL of water, and titrate with 0.1 N hydrochloric acid 
VS, determining the endpoint potentiometricalfy. Perform 
a blank determination, and make any necessary correction. 
Each mL of 0.1 N hydrochloric acid is equlvalent to 
18.22 mg of (CH^NOH ■ 5hbO: not less than 98% is 
found. 

Tetramethylammonium Hydroxide Solution in Methanol 
[75-59-2]—A solution in methanol of tetramethylammonium 
hydroxide [(CHINON—91.15]. fs generaliy available in 
concentrations of 10% and 25%. The following specrfica- 
tions appfy specificafly to the 25% concentration; for other 
concentrations, appropriate adjustments in the procedures 
may be necessary. 

ASSAY: Accurately weigh about 1 g of the solution, and 
dilute with water to about 50 mL. Add phenolphthalein 
TS, and titrate with 0.1 N hydrochloric add V$ to the dis- 
appearance of the pink color; each mL of 0.1 N hydrochlo¬ 
ric acid VS is eouiyalenl to 91.15 mg of (CH 3 ) 4 NOH. Be- 
tween 23% and 25% is found. 

CLARITY: A portion of St m a test tubę is elear, or only 
slightly turbid, when viewed transversely. 

Tetramethylarnrnonrum Nltrate, {ChU^NNO*—13645 
[1941-24-8]—White crystals. Freely soluble in water. 

Tetramethylbenzidme (4-(4-Amino-3,5~dimethyłphenyl)-2,6- 
dimethylantiine; 3, 3',5,5 f Tetramethylbenzidine; 3,3'5,5'-Te- 
tmmetnyf-[1 ,V-biphenyl] 4,4'*diamine), C 1{5 H>oNz—240.34 
[54827-17-7]—Use a suitable grade, 

4,4^Tetramethyldiaminodiphenyimethane [(4,4'- 
Methylenehis(NsN-dimethylaniline)L [(G-UJaNCeH^CH*— 
254.38 [101 -61 -1 ]—Off-white crystals. 

Meltinc Rangę (741): between 87 Q and 90°. 

Tetramethylsllane, (CHO.iSi—88.23 [75-76-3]—Use ACS 

reagent grade. 

Tetrapropylammonium Chloride, CizHaCIN—221.82 
[5810-42-4]—Use a suitable grade with a eontent of not less 
than 98,0%. 

Tetrasodfum Ethyfenediaminetetraacetate ((Ethylerredini- 
triio)tetraacetic Add Tetrasodium Satt), GtoHiaNżNa^s— - 
380.17—Fine, white, crystalline powder. Soluble in water. 


Loss on Drying (731): Dry it at 105° for 4 hours: it loses 
not morę than 8 % of its weight 

Thallous Chloride, TICI-—239,84— Fine, white, crystalline 
powder Soluble in about 260 parts of cold water and in 
about 70 parts of boiling water; Insoluble in alcohol. Po/son- 
ous; use with adequate ventilation, 

ASSAY; DissoIve about 500 mg, accurately weighed, in a 
mixture of 80 mL of water and 0.5 mL of sulfunc acid. 
When dissolution is complete, add 20 mL of hydrochloric 
acid, Heat to 60° and maintain this temperaturę while ti- 
Lrating with 0.1 N ceric sulfate VS, determining the 
endpoint potentiometrically, using silver-silver chloride and 
platinum electrodes. Each mL of 0.1 N ceric sulfate is 
equivalent to 11 .99 mg of TICI. Not less than 99% is 
found. 

Theobromine, C7HaN 4 0^1804 7 [83-67-0]—White, 

crystalline solid. Verv slightly soluble in water and in alcohol; 
almost insoluble in benzene, in ether, and in chloroform. 
Assay: Dissolve about 34 mg, accurately wetghed, in 
50 mL of giacial acetic add. Titrate wtth 04 N perchloric 
acid V5, determining the endpoint potentiometrically, Per¬ 
form a blank determination, and make any necessary cor¬ 
rection, Each mL of 04 N perchloric acid is equivalent to 
18.02 mg of C ? H 8 N 4 0 2 , Not less than 95% is found. 

Thiazole Yellow (Cl Direct Yeltow 9; Ooyton Yeflow; Titon Yel¬ 
low)/ C?sH 3 ęNiNa^O^S-i—695,74 [1 829-00-1 ]—Yellowish- 

brown powder, Soluble in water and in alcohol to yield in 
each instance a yellow solution; soluble in dilute alkali to 
yield a brownish-red solution, Protect from light. 

Solubility: A 200-mg portion mixed with 50 mL of water 
shows not morę than a faint haze, 

Residue on Ignition: Accurately weigh about 1,5 g, previ- 
ously dried at 105° for 2 hours, and ignite until thoroughly 
charred. Cool, add 2 mL of nttric acid and 2 mL of sulfuric 
acid, ignite gently to expef excess acids, then at 600° to 
800° to constant weight: the residue of sodium sulfate 
(NazSCb) is between 19.8% and 21,5% of the weight of 
the test specimen (theory is 20.4%), 

SENSITIVENESS TO MAGNESiUM: Add 0,2 mL of a solution (1 
*n 10,000) and 2 mL of 1 N sodium hvdroxide to a mix- 
ture of 9.5 mL of water and 0.5 mL or a solution prepared 
by dissoiving 1.014 g of dear crystals of magnesium sul¬ 
fate in water, diluttng with water to 100 mL, then dlluting 
10 mL of the resulting solution with water to 1 L: a distinct 
pink color is produced within 10 minutes. 

Thioacetamide, C 2 H 5 NS—754 3 [62-55-5]— Use ACS re¬ 

agent grade. 

2-Thiobarbituric Add, C.H.N^OiS—144.15 [504-17-6]— 

White leaflets. Slightly soluble in water. 

Melting Temperaturę (741): 236°, with decomposition. 

2,2 -Thiodiethanol, (HOCH^CH^^S—12249 [111-48-8]— 

Pale yellow to colorfess liguid. 

Assay: Not less than 98% of C^HioO^S is found, a suitable 
gas chromatograph eguipped with a flame-ionization de- 
tector being usea. The following conditions have been 
found suitable: a 4,0-mm x 1.83-m giass column is packed 
with 10% phase G25 on support 51 A; the column, injec- 
tion port, and detector temperatures are maintained at 
200°, 250°, and 310°, respectively. 

Refractwe 1ndex (831): between 1,4250 and 1.4270, at 
20 °. 

Thioglycolic Add, HSCH^COOH—9242 [68-1M ]—A 

coloriess or nearly colorless liquid. Miscible with water. Solu¬ 
ble in alcohol. 

5ensuiveness: Mix 1 mL with 2 mL of stronger ammonia 
water, and dilute with waLer to 20 mL. Add 1 mL of this 
solution to a mixture of 20 mL of water and 04 mL of 
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di lute ferric chloride TS (1 In 100), then add 5 mL of am- 
monla TS: a distinct pink color is produced. 

Thfonine Aoetate, C 12 HoN 3 S * C 2 H.(G 2 —287.34 
[78338-22-4]—Use a suitable grade. 

Thiourea, (NH 2 ) 2 CS—76.12 [62-56-6]—Use ACS reagent 

grade. 

Thorium Nitrate, Tb(NG 3 ) 4 4H 2 0—552.12 
[1 3470-07-0]—Use ACS reagent grade. 

Thrombin Humań (Factor IL) --33,600 [9002-04-4]—A 

preparation of a senne protease (enzyme) that converts 
human fibrinogen into fibrin. Et ts obtained from human 
plasrna and may be prepared by predpitation witłi suitable 
salts and organie solvents under controlled conditions of pH, 
ionic strength, and temperaturę. A yeJlowish-white powder, 
freely soluble in a 9g per L solution of sodium chloride, 
which forms a eloudy, pale yetlow solution. Storę in a 
sealed, sterile Container under nitrogen, protected from 
light, at a temperaturę beiow 0°, One unit corresponds to 
the amount of enzym e that hydroJyzes 1 urno! of Tos-Gly- 
Pro-Arg-4-nitroaniline acetate per mEnute at a pH of 8.4 and 
a temperaturę of 37°. 

Thrombopiastin [9035-58-9]—Buff-colored powder, or 
opalescent or turbid suspension. !t exhibits thrombokinase 
activity derived from the acetone-extracted brain and/or 
fung tissue of freshly kitled rabbits. It may contain sodium 
chloride and calcium chloride in suitable proportions, and it 
may contain a suitable antimicrobial agent, it is used in sus¬ 
pension form for the determination of the prothrombin time 
and activity of blood. Its thrombokinase activity is such that 
it gives a clotting time of 11 to 16 seconds with normal 
human ptasma and the proper concentration of calcium 
ions. Storę in tight containers, preferably at a temperaturę 
beiow 5 a , 

Loss on Dryinc (731): [Notę—T his test is applicable only 
to the dry form.] Dry it in vacuum at 60° for 6 hours: it 
loses not morę than 5,0% of Its weight. 

Thymidine, C 10 H M N 2 O s —242*2 [50-89-5]—Wbite pow- 

der. Use a suitable grade. 

Thymol, C 6 H3[CH 3 ][OH][CH(CH 3 ) 2 ]1,3,4—150,22 
[89-83-8]—Colorless, often large, ery sta Is, or a white, erys- 
talJine powder. Is affected by light, Has greater density than 
water, but when liguefied by fusion is less dense than water. 
Its alcohol Solutions are neutral to litmus. One g dissolves in 
about 1000 ml of water, in 1 mL of alcohol, in 1 ml of 
chloroform, in 1,5 mL of ether, and in about 2 mL of olive 
oil. Soluble in glaciai acetic acid and in fixed or yolatile oils. 
Storę in tight, Tight-resistant containers. 

MELTiNG rance (741): between 48° and 51°, but when 
melted it remains liguid at a considerably lower tempera¬ 
turę. 

Nqnvolatile Matter: Yolatilize 2 g on a steam bath, and 
dry at 105 Q to constant weight: the residue weighs not 
morę than 1 mg (0.05%). 

Thyroglobulin, [9010-34-8]—A protein having a molecular 
weight of 670 kDa. Available as a slightEy beige, freeze-dried 
powder madę from bovine or porclne tnyroia gland. Use a 
suitable grade. 

Tin, Sn—At. Wt. 118,71 [7440-31-5]—Use ACS reagent 

grade. 

Titanium Tetrachloride, TiCL—189.68 [7550-45-0]— 
Clear, colorless liquid. Fumes in arr. [Caution: It reacts 
violently with water.] 

ASSAY: Accurately weigh 0.75 g into 100 mL of 2 Ń sulfu- 
ric acid containedin a Smith wetghing buret. Pour the 


solution through a zinc-mercury reduction cotumn into 
50 mL of 0,1 N ferric ammonium sulfate VS. Elute with 
100 mL of 2 N sulfuric acid and 1 00 mL of water. Add 
10 mL of phosphoric acid, and titratę with 0.1 N potas- 
siurn permanganate VS. Perform a blank determination, 
and make any necessary correction. Each mL of 0.1 N po- 
tassium permanganate is equivatent to 1 8.97 mg of TiCb. 
Not less than 99.5% is found. 

BorUNG Rance (Reagent test): between 135° and 140°, 

Titanium Trichioride (Titanous Chloride) t Ti CL—154.23 
[7705-07-9]—Black, hygroscoprc powder, unstable in arr. 
Soluble in water, the solution depositing titanic add on ex- 
posure to air. Is availabie usually as 15% to 20%, dark vio- 
let-blue, aqueous Solutions. Storę the solution in tightly 
closed, glass-stoppered bottles, protected from light. 

o-Tolidine (4,4'- Diamin o - 3, 3' - dimeth yfbtphenyi), (NH->) 
(CH 3 )C 6 H 3 - C 6 H 3 £CH 3 )(NH 2 )4,3,3',4'—212.29 
[119-93-7]—White to reddish crystals or crystalline powder. 
Slightly soluble in water; soluble in alcohol, in ether, and in 
di lute acids. Preserve in well-ctosed containers, protected 
from light. [Caution: Avoid contact with o-tolidine and 
mixtures containtng o-tolidine, and conduct aJI tests In a 
well-ventiJated fume hood.] 

Use a suitable grade with a content of NLT 98,0%. 

Tolualdehyde (o-Toiualdehyde), CeH fl O —120.15 
[529-20-4]—Use a suitable grade. 

p-Toiualdehyde, C a H 8 0—120.15 [104-87-0]—Colorless 

to yellow, elear liguid, 

ASSAY: When examined by gas-IEquid chroma tog raphy, it 
shows a purity of not less than 98%. The foliowing condi- 
tions have been found suitable for assaying the article: A 
3-mm x 1.8-m sta in less Steel colom n packed with a 5% 
phase G4 on support 51, Nitrogen, having a flow ratę of 
about 12 mL per minutę, is the carrier gas, the detector 
and column temperaturę are about 125°, and the injection 
port temperaturę ts about 205°, A fJame-ionization detec¬ 
tor is empioyed and the specimen Is a 5% solution in car- 
bon disulfide, 

Refractive InoeX (831): between 1.544 and 1.546, at 
20 °. 

Toluene (Toluol), C 6 H 5 CH 3 —92.14 [108-88-3]—Use ACS 

reagent grade, 

p-Toluenesulfonic Acid, CH 5 CńH 4 S 03 H H^O—190.22 
[61 92-52-5]—Use ACS reagent grade. 

p-Tofuenesulfonyl-i-arglnine Methyl Ester HydrochJoride 

(Nu-p-Tosyi-1-arginine methyl ester hydrochloride; TAMĘ), 
CmHuISLCW ■ HCI—378.88 [1 784-03-8]—Determlne its 

suitability as dlrected In the test for Tiypsin under Chymo- 
trypsin (USP monograph). 

p-Toluic Acid, CH 3 CgH 4 COOH—136.15 [99^94-5]— 

White, crystalline powder. 5 pa ring ly soluble in hot water; 
very soluble in alcohol, in methanol, and in ether. 

Assay: Transfer about 650 mg, accurately weighed, to a 
suitable Container, dissolve in 1 25 mL of alcohol, add 
25 mL of water, and mix, Ti tratę with 0.5 N sodium hy~ 
droxide VS, determining the endpoint potentiometrically, 
Perform a blank determination, and make any necessary 
correction, Each mL of 0.5 N sodium hydroxide is equiva- 
lent to 68.07 mg of CsHbO z : not less than 98% is found. 
Melting Rangę (741): over a rangę of 2° that indudes 
181 

o-ToIuidine (2-Aminotoiuene; 2-Methylanifine), 
C Ć H 4 (CH 3 )(NH 2 )1,2—107.15 [95-53-4]—Light yellow lig¬ 

uid beconiing reddish brown on exposure to air and light. 
Soluble in alcohol, in ether, and in dilute acids; slightly solu- 
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ble in water. Preserve in well-closed containers, protected 
from ItghL 

SPECIFte CRAVfTY (841): 1.008 at 20°, 

Boiung Rance (Reagent test): between 200° and 202°, 

p-ToItridine, C/B^N—107,15 [106-49-0]—Whtte to beige 

crystals or flakes. 

Freely soluble in alcohol, in acetone, in methanol, and in 
drJute acids; slightly soluble in water. 

AssaY: Drssolve 400 mg, accurately weighed, in 100 ml 
of glacial acetic add, and titrate wkh 0.1 N perchloric acid 
VS, determining the endpoint potentiometrically. Perform 
a blank determmation, and make any necessary correction, 
Each mL of 04 N perchloric acid is equivalent to 10,72 mg 
of CH}QH.iNH 2 * Not less than 98%, calcu la ted on the 
dried basts, is found. 

Loss on Dryinc: Weigh accurately about 1 g, and dry at 
30* to constant weight: it loses not morę than 2% of its 
weight. 

Toluldine Blue, {C 15 H 16 ON 3 S) 2 - ZnClz—747,95 
[6586-04-5]—Use a suitable grade. 

Toluidine Blue O, GsHusNjSC]—305.8 [92-31-9]—Use a 

suitable grade, 

n-Triacontane, 422.81 [638-68-6]—Use a suita¬ 

ble grade. 

2,4,6-Tnamino-5-nitrosopyrirn idirie, GHóN^O— 154.13— 
Pmk powder. 

AssaY: DissoIve about 34 mg, accurately weighed, in 
50 mL of glacial acetic acid. Utratę with 0.1 N perchloric 
acid VS, determining the endpoint potentiometncally. Per¬ 
form a blank determination, and make any necessary cor- 
reclions. Each mL of 0.1 N perchloric adef is equivalent tc 
15.41 mg of CjHtNńG. Not less than 97% is found. 

Tri butyl Phosphate (Tri-n-butyl Phosphate), (GHo^PO^— 
266.31 [126-73-8]—Clear, almost colorless liquid, Slightly 

soluble in water, Miscible with common organie solvents. 
Specific gravity: about 0.976, 

Refractive Index (831): between 1,4205 and 1.4225. 

Tributylethylammonlum Hydroxide, C^H^NO—231,42— 
Use a suitable grade, 

Tributyrin (Glyceryf Tri bu ty ratę), CisH^O*—302.36 
[60-01-5]—Colorless, oily liguid. Insoluble in water; very sol¬ 
uble in alcohol and in ether, 

AssaY: Inject an appropriate spęd men into a suitable gas 
chromatograph (see Chromatogrophy (62 1)) equipped with 
a flame-ionization detector, nitrogen being used as the 
carrier gas. The following conditions have been found suit¬ 
able: a 3-mm x t.8*m stainless Steel column containing 
phase C4 on support SI A; the injection port temperaturo 
ts maintained at 270°; and the detector temperaturę is 
maintained at 300°; The area of the tributyrin peak is not 
less than 98% of the total peak area, 

Refraowe !ndex (831): between 1.4345 and 1.4365 at 
20 °, 

Acid Content: Transfer 1 ,0 g, accurately weighed, to a 
beaker, add 75 mL of methanol, and dissolve by stirring. 
When dissolution is compiete, add 25 mL of water, and 
titrate with 0.05 N potassium hydroxide V5, using phenol- 
phthalein T5 as the indicator, Perform a blank determina¬ 
tion, and make any necessary correction, Each mL of 0.05 
N potassium hydroxide is equivalent to 88,1 mg of butyric 
acid: not morę than 0.5% is found, 

Trichloroacetlc Acid, CCUCOOH—163,39 [76-03-9]^- 

Use ACS reagent grade, 

Trichloroethane—See Methyl Chloroform . 


2,2,2-Trichforoethanol (Trichloroethyi Alcohol), C 2 H 3 OCI 3 — 
149.40 [115-20-8]—Use a suitable grade with a content 
of NLT 99%. 

Trich lorofI uoromeEhane, CCI 3 F—13 7.3 7 [75-69-4]—Col¬ 

orless liquid. 

ASSAY: Inject an appropriate specimen into a gas chro¬ 
matograph (see Chromatogrophy (62 1» eguipped with a 
thermal conductMty detector, helium being used as the 
carrier gas. The following conditions have been found suit¬ 
able: a 2.0-mm x 1 . 8 -m glass column packed with 10% 

G1 phase on support SI A; the injection port temperaturę 
is maintained at 50°; the detector temperaturę is main¬ 
tained at 300°; and the column temperaturę is maintained 
at 0 C and programmed to rise 3° per minutę to 50°. The 
area of the CChF peak is not less than 99% of the total 
peak area, 

Refractive 1ndex (831): between 1,380 and 1.384 at 20°. 

Trkhlorotrifluoroethane—Use a suitable grade, 

[Notę—A suitable preparation, listed as Treon-TF 
aerosol/' is available from E, I. du Pont de Nemours and 
Co., Wilmlngton, DE 19898,] 

rt-Trkosane, CuH^a—324.63 [638-67-5]—Colorless or 

white, morę or less translucent mass, showing a crystalline 
structure. Has a slightly greasy feeL Insoluble in water and 
in alcohol; soluble in chloroform, in ether, in volatile oils, 
and in most warm fixed oils; slightly soluble in dehydrated 
alcohol. Boils at about 380°. 

Mełtjng Rangę (741): between 47° and 49°, 

Sujtabiuty: Determine its suitability for use in the test for 
Reloted Campounds under Propoxyphene Hydrochloride (USP 
monograph) as foltows. Dissoive a suitable guantity in 
chloroform to yield a solution containing 20 pg per mL, 
Following the directions given in the test for Related Com- 
paunds under Propoxyphene Hydrochloride, inject a suitable 
volume of the solution into the chromatograph, and re~ 
tord the chromatogram. Concomitantly record the chro¬ 
ma tog ram from the Standard preparation p repa red as di- 
rected in the test for Related campounds: oniy one main 
peak is obtained from the n-tricosane solution, and no mi¬ 
nor peaks are observed at, or near, the peak positions ob¬ 
tained for propoxyphene, acetoxy, or carbinol in the chro¬ 
matogram from the Standard preparation. 

Triethanolamine—Use Trolamme (NF monograph). 

Triethylamine, (GHOjNI— 101.19 [121-44-8]—Colorless 
liguicl. Slightly soluble in water, Miscible with alcohol, with 
ether, and with cold water. Storę in welJ-dosed contalners. 
Use a suitable grade with a content of not less than 99,5%. 

Tnethyfamme Hydrochloride, GHtsN ■ HCI—137.65 
[554-68-7]—White to off-white powder. 

Assay: Transfer about 35 mg, accurately weighed, to a 
suitable beaker, add 50 mL of glacial acetic acid, and dis- 
solve by stirring. Add 5 mL of mercuric acetate T5, with 
stirring. When solution ts complete, titrate wrth 0.1 N per¬ 
chloric acid VS, determining tne endpoint potentiometri- 
cally. Perform a blank titration, and make any necessary 
correction. Each mL of 0.1 N perchloric add is equivafent 
to 13.77 mg of C 6 Hi 5 N - HCI. Not less than 97.5% of 
C^HisN - HO is found. 

Melting Point (741): between 256° and 259°, with de- 
composition. 

Triethylamine Phosphate (Triethylammonium Phosphate), 
C ć Hi 5 N ■ H 304 p^ 199 , 19 —Use a suitable grade. 

[Notę—A suitable grade is availabfe from www. 
tdamerica.com, catalog number Tl 300.] 

Triethylammonium Acetate, 1 M, CsHigNGz—161.2 
[5204-74-0]—Use a suitable grade. [Notę—A suitable grade 
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is ayailable as catalog number 625718 from www.calbi- 
ochem.com.] 

Triethylene Glycol, QHrCX— 150*17 [112-27-Ó]—Cofor- 

less to pale yelfow Jiquld. Is hygroscopic. Miscible with 
water, with alcohol, and with toluene. 

ASSAY: Inject an appropriate test specimen into a suitable 
gas chromatograph equrpped with a flame-ionization de- 
lector (see Chmmatoaraphy (621)), helium betng used as 
the carrier gas. The following conditions have been found 
suitable; a 3-mm x 1.85-m stainless Steel column packed 
with support S 2 ; the injection port, column, and detector 
temperatures are maintained at 250*, 230°, and 3T0*, re- 
specth/ely. The area of the C ć HmCT< peak is not less than 
97% of the total peak area. 

REFRACTIVE Index (831 ): between 1*4550 and 1.4570, at 
20 °* 

Tri et hy I e n ed i a m i n e (1 , 4 - D iazo bicyclo[2.2.2Joctane) t 
CńHiaN^—112.17 [280-57-9]—Use a suitable grade with a 

content of not less than 98%* 

Trifluoroacetic Add, CjHF 3 Oz— 114,02 [76-05-1]—Col- 

orless liquid. Miscible with ether, with acetone, with etha- 
nol, with benzene, with carbon tetrachloride, and with hex- 
ane. 

ASSAY: Dissolve about 300 mg, accurately weighed, in 
25 mL of water and 25 ml of alcohol. Titrate with 0.1 N 
sodfum hydroxide VS, determining the endpoint potentio- 
metncally. Perform a blank de term i na bon, and make any 
necessary corrections. Each mL of OT N sodium hydroxide 
ts equivalent to 11.40 mg of C 2 HF 3 O 2 . Not less than 99% 
is found. 

Trifluoroacetic Anhydride, (FjCCO)aO—210*03 
[407-25-0]—Colorless liquid. Boris between 40° and 42°. Ex- 
tremely yolatile. Avoid exposure to air or water 
ASSAY: Transfer about 0.8 g, accurately weighed, to a 

§ lass-stoppered fiask containing 50 mL of methanoL Add 
00 mg of phenolphthalein, and titrate with OT N sodium 
methoxide V5 to a pink endpoint Calculate A by the 
formula: 

V/W 

in which V is the yolume, in ml, of OT N sodium methox- 
ide and W is the weight, in mg, of test specimen. To a 
second glass-stoppered fiask containing 50 ml of a mixLure 
of di mętny Iformamide and water (1:1) transfer 0.4 g, accu¬ 
rately weighed, of the specimen under test, add 500 mg 
of phenolphthalein, and titrate with 0*1 N sodium hydrox- 
ide VS to a pink endpoint. Calculate S by the formula: 

VW 

in which V T is the yolume, in mL, of OT N sodium hydrox- 
ide and W* is the weight, in mg, of test specimen. Calcu¬ 
late the percentage of (F 3 CCO) z O by the formula: 

2100.3(8 - A) 

Not less than 97% is found. łf 2A Is greater than B, calcu¬ 
late the percentage of F^CCOOH by the formula: 

1140,3{2A - B) 


u, ot, ct-Trif i u o ro-p-cre so I ( 4-hydroxybenzotrif!uoride, 
4-tnftuoromethylphenol) f GH 5 F 1 O— 162 .11 [402-45-9] 

Meltinc Rance (741): between 48* and 52°. 

2,2,2-Trifluoroethanol, CF*CH*OH~100.04 [75-89-8]— 

Colorless iiguid* 


Assay: Inject an appropriate specimen Into a gas chro¬ 
matograph (see Chromatography (621)) equipped with a 
flame-ionization detector, helium betng used as the carrier 
as. The following conditions have been found suitable: a 
.25-mm x 30-m caplllary column coated with a 1 -pm 
layer of phase G2; the injection port temperaturę is main¬ 
tained at 100 °; the detector temperaturę is maintained al 
1 50°; and the column temperaturę is maintained at 0° and 
programmed to rise 10° per minutę to 150°. The area of 
the CF 3 CH 2 OH peak is nol less than 99% of the total peak 
area. 

Boilinc Rance: between 77* and 80°. 

2.2.2- TrifluoroethyldifluoromethyI Ether (Diffuoromethyl- 

2.2.2- triffuoroethyl ether% CihhFiO—150*05—Clear !iquid* 
Use a suitable grade. 

Boiling Rance: between 28° and 30 Q . 

[Notę—A suitable grade is ayailable from PCR Jncorpo¬ 
ra ted, P*0* Box 1466, Cainesville, FL 32602. Tel: 
904-376-8246. The catalogue number is 17151-2.] 

(m-Trifluoromethylphenyl) Trimethylammonium Hydrox- 
ide in Methanol—Use a suitable grade. 

[Notę—A suitable grade is ayaiFable as "Meth-Prep II" 
from Alltech, www.fishersci.com.] 

5-(TrifIuoromethyl)uractl, CskhFjNaOz—180.08 
[54-20-6]—White to off-white powder* 

Assay: When tested by thin-layer chromatography, with 
the use of piates coated with chromatographic silica gel 
mixture, a deyeioping system conslsting of chloroform, 
methanol, and acetic acid (17:2:1), and examined yisually 
and under long-wavelength UV light, a single spot is ex- 
hibited. 

Trifluoroyrnyl Chloride Poły mer (Ruorolube; 1-Chloro-l,2 r 
2-trifluoro-etnene Homopolymer) f (C?CiF 3 )*—Use a suitable 
grade. 

[Notę—A suitable grade is ayailable as catalog number 
2123552 from www, sigma-aldrich.com*] 

Trimethylacethydrazide Ammonium Chloride (Betoine 
Hydrozide Chloride; Girard Reagent T), 
|(CHs)sN + CH 2 CONHNHa]CI-—167*64 [123-46-6]—Color¬ 

less or white crystals. Freely soluble In water. One g dis- 
solves in about 25 mL of alcohol. Insoiuble in chloroform 
and in ether. Hygroscopic. 

Meltinc Rance (741); between 185° and 192°, deter- 
mined after recrystallization from hot alcohol, if necessary. 
Residue on Ignition (Reagent test): ignite 1 g with 0.5 ml 
of sulfunc acid; the residue weighs not morę than 10 mg 
( 1 %). 

Tr i m e t hy I c h lo ro s i lane—S ee Chloro trimethyhilane. 

2,2,4-Trimethylpentane (tsooctane), C 8 His“1 14*23 
[540-84-1]—Use ACS reagent grade, 

2,4,6-Trimethylpyridine (5-Coiiidine), C a HnN—121.18 
[108-75-8]—Clear, colorless licjuid. Soluble in cold water 
and less soluble in hot water; soluble in alcohol, in chloro¬ 
form, and in methanol* Miscible with ether. 

Assay: Inject an appropriate test specimen into a suitable 
as chromatograph (see Chromatography (621)), helium 
eing used as a carrier gas. The following conditions have 
been found suitable: a 3-mm x 1.85-m stainless Steel col¬ 
umn containing phase G16 on support SI A; the injection 
port, column, and detector temperatures are maintained at 
180*, 165°, and 270*, respectivefy; and a flame-lonrzation 
detector is used. The area of the CbHuN peak is not less 
than 98% of the total peak area. 

RefraCTive Index (831): between 14970 and 1.4990, at 

20 c . 



USP 40 


Reagents / Reagent Specifications 2403 


N-(Trimethylsifyl)-imidazofe, CftH^N^Si—140.26 
[181 56-74-6]—A elear, colorless, to light yellow liquid. 
Refractive Index (831): between 1.4744 and 147Ó4 at 
20 °. 

Trimethyftin Bromide, C 3 H 9 Br5n—243.72 
[1066-44-0]—Use a suitable grade, 

2,4,6-TrimtrobenzenesLilfonk Acid, CńH^NC^SOjH ■ 
3H 2 0—347.21 [2508-19-2]—Pale yellow to tan crystals. 

Use a suitable grade. Also available as a 5% (w/v) ora 1 M 
aqueous solution. 

Trrnitrophenoi—See Picric Add. 

Trioctylphosphme Oxrde, C z ^H 5 iPO—386.63 

[78-50-2]—White, erystafline powder. insofuble in water; sol- 

uble in organie solvents. 

MELTING RANCE (741): between 54° and 56°, 

1,3,5-Triphenylbenzene, (CeH^CeH*—306.41 
[612-71-5]—White to off-white powder. 

Melting Rance (741): between 1 72° and 175 a . 

Tnphenyfene (9, 10-Benzophenanthrene), CtbHi 2 —228.29 
[217-59-4}—Use a suitable grade with a content of NLT 
98%. 

Triphenylmethane, C 19 H, e -244.34 [519-73-3]—Light 

brown powder. 

Assay: inject an appropriate vo]ume into a gas chromato- 
graph (see Chromotography (621)) eguipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The foflowing conditions have been found suitable: a 0.25- 
mm x 30-m caplllary column coated with a 1-pm layer of 
phase G2; the injection port temperaturę is maintained at 
300°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is maintained at 200° and pro- 
grammed to rise 10° per minutę to 300°. The area of the 
Ci 9 H 5 6 peak is not less than 99% of the totaf peak area. 
Melting Rangę (741): between 92° and 94°. 

Triphenylmethanol, C }9 H ]ó O— 260.34 [76 84-6]—White 

to off-white powder. 

Assay: Inject an appropriate voiume into a gas chromato- 
graph (see Chromotography (621)) eguipped with a flame- 
lonization detector, helium being used as the carrier gas, 
The foliowing conditions have been found suitable: a 0.25- 
mm x 30-m capillary column coated with a 1-pm layer of 
phase G2; the injection port temperaturę is maintained at 
280°; the detector temperaturę is maintained at 300°; and 
the column temperaturę is maintained at 180°. The area of 
the C 10 H 10 O peak is not less than 96.5% of the total peak 
area. 

Triphenyftetrazolium Chloride, C T ^H 15 CIN^—334.80 
[298-96-4]—White to yellowish, erystafline powder. Soluble 
in about 10 parts of water and of alcohol; slightiy soluble In 
acetone; insoluble in ether. Usually contains solvent of erys- 
tallization, and when dried at 1 05° tt melts at about 240 u , 
with decomposition. 

Solubjlity: Separate 100-mg portions dissolve completely 
in 10 ml of water and in TO ml of alcohol, respectively, to 
yteld Solutions that are elear, or practically so. 

Loss ON Dryeng (731): Dry it at 105 c to constant weight: 
it foses not morę than 5.0% of fts weight. 

RE51DUE ON IGN1TION (Reagent test): negligible, from 
100 mg. 

SENSiTIVENESs: Dissolve 10 mg in 10 mL of dehydrated al- 
cohol (A). Th en dissolve 10 mg of dextrose in 20 mL of 
dehydrated alcohoi (8). To 0,2 mL of 8 add 1 mL of dehy¬ 
drated alcohol and 0.5 mL of dilute tetramethylammonium 
hydroxide TS (1 vo3ume diluted with 9 voiumes of dehy¬ 


drated alcohol), then add 0.2 mL of A: a pronounced red 
color develops with i n about 10 minutes. 

Tris(2-ammoethyl)amine, QHi a N^—146.23 
[4097-89-6]—Yeflow liguid. Soluble in methanol. 

Assay: Dissolve about 80 mg in 30 mL of methanol, Add 
40 mL of water, and titrate with 1 N hydroebforie add, 
determining the endpolnt potentiometrically. Perform a 
blank determination, and make any necessary correttion. 
Each mL of 1 N hydrochloric acid is equivalent to 
48.75 mg of GsHiaN*. Not less than 98.0% is found. 
Refraowe InoeX (831): between 1.4956 and 1.4986 at 
20 °. 

Tris(hydroxymethyl)aminomethane [77-86-1 ]—Use ACS 
reagent grade—See also Tromethamine. 

Tns(hydroxymethyS)aminomethane Acetate, C 4 H n Ch ■ 
NChb—181,19 [6850-28-8]—White powder with iumps. 

Use a suitable grade. 

Tns(hydroxymethyl)aminomethane Hydrochloride, 

C 4 H 11 NO 3 ■ HCI—157.60 [1 1 85-53-1]—Colorless crystals. 

Use a suitable grade. 

N-Tris(hydroxymethyl)methylglycine, C^HijMOs—179.2 
[5704-04-1]—White, crystaflEne powder. Use a suitable 
grade. 

Tri tirach i um Album Protem ase K: Use a suitable grade. 

[Notę—A suitable grade can be obtained from Qiagen, 
Inc., www.qiagen.com.] 

Trometham in e [ Tńs(hydroxyme th yl)aminometha n e; TH AM; 

2-Amino-2 - (hydroxymethyi )- 7, 3-propanediol], C 4 H 11 NO 3 — 
121.14—Use ACS reagent grade Tris(hydroxymethyl)amino- 
methane. 

Tropaeolin OO (Add Gmnge S) f Ci&HuNsNaGsS—375.38 
[554-73-4]—Orange-yellow scaies, or yellow powder, Solu¬ 
ble in water. 

pH rangę: from 1.4 (red) to 2.6 (yeliow). 

Tropie Acid, C 9 H 10 O 3 —166.18 [529-64-6]—Use a suita¬ 

ble grade. 

Tropine, C s H, 5 NO—141.2 [120-29-6]—Use a suitable 

grade, 

Trypan Blue (Direct Blue 14), C;MH 24 NńNa 4 OH$ 4 —960.8 
[72-57-1]—Use a suitable grade. 

Tryptone—Use Pancreatk Digest of Cos e/n. 

L-Tryptophane, C,iH 12 N 2 O 2 —204.23 [73-22-3]—White 
or not morę than slightiy yeliow leaflets or powder. One g 
dissolves in about 100 mL of water; soluble in dilute acids 
and in Solutions of the alkall hydroxtdes; slightiy soluble in 
alcohol. 

Assay: Accurately weigh about 300 mg, dissolve in a mix- 
turę of 3 mL of formie acid and 50 ml of glaciai acetlc 
add, add 2 drops of crystal violet TS, and titrate with 0.1 
N perchloric acid VS to a green endpoint. Each ml of 0,1 
N perchforic acid is equivalent to 20.42 mg of CnHrjNaCh. 
Between 98.0% and 102,0%, calculated on the dried ba- 
sis, is found, 

Speofic Rotation (781): between -30.0° and -33.0°, de- 
termined in a solution containing 1.0 g of test specimen, 
previously dried at 1 05° for 3 hours, in 100 ml. 

Loss on DfiYlNC (731): Dry it at 105° for 3 hours: it loses 
not morę than 0.3% of its weight. 

RESfDUE on Ignition (Reagent test): not morę than 0,1%. 
TYROSINE: Dissolve 1 00 mg in 3 mL of diluted suifuric 
acid, add 10 ml of mercuric suffate TS, and heat on a 
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steam bath for 10 minutes, Filter, wash with 5 mL of mer- 
curie sulfate TS, and add to the combined fiftrate 0.5 mL 
of sodium nitrite solution (1 In 20): no red color is pro- 
duced withln 15 minutes. 

Tuberculin, Purified Protefn Denvatlve (Tuberculin PPD): 
Derived from the human strato of Mycobacterium tuberculo - 
sis, and available eitlier as a solution or as a lyophilized 
powder. For lyophilized powder, reconstltute according to 
the manufactureds instructions uslng the diluent provided 
by the manufacturer. Solutions may contain a stabilizer and 
a preservative. One Tuberculin UnEt (TU) is equ3valent to 
0.02 pg of Tuberculin PPD. 

Tu b o c u ra ri n e C h I o ri d e (7%11-Dih ydroxy-6 , 6' - dirrteth oxy- 
2,2' r Z-trimethyltubocuraronium Chloncie), C^H^CbN^Ga— 
681.65 [6989-98-6}—Use a suitabie grade with an assay 

result between 98.0% and 102.0%. 

[Notę—A suitabie grade is availabie from Acros Organicy 
catalog number 24349 at www.acros.com,] 

Tungstrc Add, hhW0 4 —249.85 [7783-03-1]—Use a sulta- 

ble grade with a content of not less than 99%. 

L-Tyrosine Disodium, GhUNChNaz—225.2 

[69849-4 5-6]—Off-white to tan powder. Use a suitabie 

grade. 

Uracil, QH 4 N 2 0 2 —112.09 [66-22-8]—White to cream- 

colored, crystalJine powder. Melts above 300°. One g dis- 
solves in about 500 mL of water; less soluble in alcohol; sol- 
uble In ammonia TS and in sodium hydroxfde TS, !ts Solu¬ 
tions yield no precipitate with the usual alkalolda! 
precipitants. 

RESIDUE on Ignition (Reagent test): negligible, from 
100 mg. 

loss on Drying (731): Dry it at 105° for 2 hours: ft loses 
not morę than 2% of Its weight. 

Urany! Acetate (Utanium Acetate), UO^CzHbG^z ■ 2H z O— 
424.15 [541-09-3]—Use AC5 reagent grade. 

Urea, NH 2 CONH 2 —60.06 [57-1 3-6]—Use ACS reagent 

grade. 

Urethane (Ethyl carhamate), C3H7NO2—89.09 
[51-79-6]—White powder with chunks. Freefy soluble in 
water. 

Melting Rangę (741): between 48* and 50°. 

Uridine, C 9 H| 2 N 2 O ń —244.20 [58-96-8]—White powder. 

Assay 

Mobile phase: Prepare a mtxture of methanol and 0.2 
M ammonium acetate (10:90), and adjust with phos- 
phoric acid to a pH of 7.0. 

Test solution: 0.5 mg per ml in water. 

Procedurę: Inject about 20 pL of the Test solution Into a 
liguid chromatograph (see C hromotogrophy (621)), 
eguipped with a 280-nm detector and a 4.6-mm x 
15-cm column that contains packing LI. The flow ratę is 
about 2.0 mL per minutę. The area of the C^H^NzOń 
peak is not less than 99% of the totaf peak area. 

Melting Rangę (741): between 166° and 171°. 

Vaierk Acid, C 5 Hi 0 O z — 102.13 [109-52-4]—Clear, color- 

less liguid. 

Assay: Accurately weigh about 500 mg, transfer to a suit- 
able Container, add 30 mL of water, and mix. Add 40 mL 
of water, and mix, Add phenolphthalein TS, and titrate 
with OJ N sodium hydroxide VS. Each mL of OJ N so- 
diurn hydroxide is equivalent to 10.21 mg of C 5 Hio0 2 : not 
less than 99.0% of C 5 Hio0 2 is found. 


Valerophenone, CnHuO—162.23 [1009-14-9]—Color- 

less liguid, 

ASSAY: Inject an appropriate specimen into a suitabie gas 
chromatograph (see Chromatography {621 )) equipped with 
a flame-ionization detector, helium being used as the car- 
rier gas. The followlng condltions have been found suita- 
ble: a capiIlary column coated with a 1-pm layer of phase 
C2; the injection port temperaturę is maintained at 250°; 
the detector temperaturę is maintained at 300°; and the 
column temperaturę is maintained at 150° and pro- 
grammed to rise 10° per minutę to 300*. The area of the 
CnH14O peak is not less than 98% of the total peak area, 
Refractive Index (831): 1 *5149 at 20 D . 

Boiung RANGĘ: between 105° and 107°, at a pressure of 
5 mm of mercury, 

Vanadium Pentoxide, WOr—ISI.SS [1314-62-1]—Fine, 

yeflow to orange-ydlow powder, Siightly soluble in water; 
soluble in concentrated adds and in alkalies; insoluble in 
alcohol. 

Assay: Transfer about 400 mg, accurately weighed, to a 
500-mL conical fiask, and add 1 50 mL of water and 30 mL 
of dilute sulfuric acid (1 in 2). Boil the solution on a hot 
la te for 5 minutes, add 50 mL of water, and conti nue 
oiling until a yellow solution is obtained. Transfer the hot 
piąte and the fiask to a wdl-ventifated hond, and bubble 
sulfur dioxide gas through the solution for 10 minutes, or 
until the solution is a elear, brilliant btue color. Rinse the 
gas de!ivery tubę into the fiask with a few ml of water, 
then bubble carbon dioxide gas through the solution for 
30 minutes while contlnuing to boil the solution gently. 
Cool the solution to about 80 c , and titrate with 0.1 N 
potassium permanganate VS to a yeflow-orange endpoint. 
Perform a compfete blank determination, and make any 
necessary correction. Each mL of 0.1 N potassium perman¬ 
ganate is equivafent to 9.095 mg of V 2 0 5 . Not less than 
99.5% Is found. 

Vanadyl Sulfate, VOS0 4 - xH 2 0 (anhydrous)—163.00 
[27774-13-6]—Blue, hygroscopic crystals. Slowly and usually 
incompletely soluble In water, 

Assay: Accurately weigh about 400 mg of the dried test 
specimen obtained in the test for Water, and transfer with 
1 5 to 20 mL of water into a beaker, Add 3 mL of sulfuric 
add, cover the beaker with a watch glass, and heat on a 
steam bath until alJ dlssotves. Cool, dilute with 125 mL of 
water, and titrate with OJ N potassium permanganate VS 
to the production of a pinkish color that persists for 1 min¬ 
utę; each mL of 0.1 N potassium permanganate is equiva- 
lent to 16.30 mg of VOS0 4 . Not less than 97% is found. 
Water: Dry about 1 g, accurately weighed, at 220° to 
constant weight: it loses not morę than 50.0% of its 
weight. 

PENTAVALENT VaNAPIUM: Heat 1 q, accurately weighed, 
with 50 mL of water and 5 mL ofhydrochloric acid in a 
fiask until dissolved. Cool, add 2 g of potassium lodide, 
Insert the stopper, and allow to stand for 30 minutes. Add 
50 mL of water, and titrate the liberated iodine with OJ N 
sodium thiosulfate V5, adding 3 mL of starch TS as the 
indicator. Correct for the vo!ume of thiosulfate consumed 
by a blank. Each mL of 0 1 N thiosulfate is equivalent to 
5.095 mg of vanadium (V). Not morę than 0,5% \s found, 
calculated on the dried basis, 

Substances Not Precipitateo By Ammonia: Dissolve 1.0 g 
by heating with 20 mL of water and 2 mL of hydrochloric 
acid. Dilute with water to about 75 mL, and neutralize to 
fitmus paper with ammonia TS. Transfer the solution fo a 
cylinder, slowly add 5 mL of ammonia TS and sufflcient 
water to make 100 mL, and allow to stand overnight. De- 
cant 50 mL of the supernatant through a filter, ada 
5 drops of sulfuric acid, evaporate to dryness, and ignite: 
the residue weighs not morę than 10 mg (2.0%). 
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Ymyl Acetate, CH 3 CQOCH=CH 2 — 86.09 [108-05-4]— 

Ltquid, 

ASSAY: tnject an appropriate vdume into a gas chromato- 
graph (see Chromatography (621)) equipped with a flame- 
ionization detector, helium being used as the carrier gas. 
The following conditions have been found suitable: a 0*25- 
mm x 30-m capillary column coated with a 1-pm layer ot 
C2; the injection port temperaturę is maintained at 100°; 
the detector temperaturę is maintained at 300°; and the 
column temperaturo is maintained at 100° and pro- 
grammed to rise 10 c per minutę to 150°, The area of the 
CH 3 COOCH=CH 2 peak is not less than 99% of the total 
peak area. 

2-Vinylpyridine, C ? H 7 N— 10544 [100-69-6], 

Boilinc Rangę: between 79° and 82°, at 29 mm of mer- 
cury. 

DENSITY: 0.975 at 25°. 

REFflACTIVE fNDEX <831): about 1,5490 at 20°. 

Vinylpyrrol idi nonę (1 - Vinyl-2-pyrrolidinone; 1 - Vinyl-2-pyrro!h 
done; N-Vinyipyrrolidinone; N-Vinyipyrrolidone), 

CeHpNO — 111.14 [88-12-0] —ColoHess liquid. 

Assay; inject an appropriate volume into a gas chromato- 
graph (see Chromatography (621)) eguipped with a flame- 
Eonization detector, helium being used as the carrier gas. 
The following conditions have been found suitable; a 0.25- 
mm x 30-m capillary column coated with a 1-p.m layer of 
G2; the injection port temperaturo is maintained at 250°; 
the detector temperaturę is maintained at 300°; and the 
column temperaturę is maintained at 100° and pro- 
grammed to rise 10° per min to 250°, The area of the 
UH.NO peak is not less than 99.0% of the total peak 
area, 

Water Determination, Method I (921): not morę than 
04%, determined on 2.5 g, using a mixture of 50 ml of 
methanol and 10 mL of butyrolactone as the so3vent. 

[Notę—A suitable grade is avai labie from Merck KGaA/ 
EMD Chemicals, cataTogue number 8,08518,0250, www. 
emdchemicals.com.] 

Washed Sand—See Sond, Washed. 


Add the following: 

A Water—Use USP Purified Water. AU sp4o 

Water, Ammonia-Free, H^O—18.02—Use High-Purity Water 
as defined in Containers —C lass (660), Chemical Resis tance. 


Change to read: 

Water, Carbon Dioxi€ie-Free—- A lt is Purified Water that has 
been boiled vigorously for 5 min or morę and allowed to 
cool while protected from absorption of carbon dioxide 
(C0 2 ) from the atmosphere, or Purified Water that has a re- 
sistivity of NIT 18 Mohm-cm.Awwfl 


Change to read: 

Water, Deaerated—^For purposes other than dissolution 
and drug ręlęase testing, Et is Purified Water ihat has been 
treated to reduce the content of dissolved air by suitable 
means, such as by boillng vigorously for 5 min and coolEng 
or by application of ultrasonic yibration.A^o 


Add the following: 

A Water, Organie-Free— It is Purified Woter that produces no 
significantly interfeiing peaks when chromatographed as in- 
dicated in Residua! SoTyents <467), Identification, Contro /, and 
Quantification of Residua! Salvents. A o 5 P 4 o 


Add the following: 

A Water, Partide-Free—lt is Purified Water that has been 
passed through a suitable filter of 0.22-jxm porę si 

Water Vapor Detector Tubę: A fuse-sealed glass tubę so 
designed that gas may be passed through it and containing 
suitable absorbing fifters and support media for the indica- 
tor, which consists of a selenium sol in suspension in sulfuric 
add. 

Measuring Rance: 5 to 250 mg per cubit meter. 

[NOTĘ—Available from Draeger Safety, Inc., www. 
draeger.com, or from Gastec Corp,, www.gastec.co.jp, dis- 
tributed in the USA by www.nextteq,com,] 

Wright^ Stain [68988-924]—A mixture of methylene 
hlue, methylene azure, and the eosinates of both, available 
as a solid and as a solution in methanol Use a suitable 
grade. [Notę—I f a solid is used, disso]ve 6,0 g of Wright's 
stain powder (CAS# 68988-92-1, dark green powder) and 
0.6 g of Giemsa stain powder (CAS# 51811-82-6, dark 
green to black powder or crystals) in 1000 mL of methanol. 
Stir overnlght, and filter before use.] 

Kanthine, C 5 H 4 N 4 0^152.n [69-89-6]—White, crystal- 

fine powder. Decomposes on heating. Slightly soluble in 
water and in alcohol; soluble in sodium hydroxide TS; spar- 
ingfy soluble in diluted hydrochloric add, When subjected 
to the murexide reaction, a purple color is produced with 
the ammonia, but on the subsequent addition of fixed alkali 
hydroxides, the color is not disenarged but ts changed to 
violet. 

Residue on Ignition (Reagent test): neglsgible, from 
100 mg. 

Loss on Drying (731): Dry it at 105° for 2 hours: it loses 
not morę than 1% of its weight. 

XanthydroI, CijHioOa—198.22 [90-46-0]—Pale yeflow, 

crystalfine powder. Insoluble In water; soluble in alcohol, in 
chloroform, and in ether. Soluble m glacial acetic acid, 
forming a practically colorless solution; but when the pow¬ 
der is treated with diluted hydrochloric acid, a lemon-yellow 
color is produced. 

MELTING RANGĘ (741): between 121° and 123*. 

Residue on Ignition: Ignite 500 mg with 0.5 ml of sulfu¬ 
ric acid: the residue weighs not morę than 1 0 mg (2.0%). 

Xyfene, C s Hio—106.17 [1330-20-7]—Use ACS reagent 

grade. 

m Kyłene, CeH^CHa)?-106.17 [108-38-3]—Glear, color¬ 
less, flammable |[quid. Insoluble in water; misdble with alco¬ 
hol and with ether, Use a suitable grade. 

o-Xylene, C&Hio—'10647 [95-47-6]—Clear, colorless, mo¬ 

bile, flammable liguid. Insoluble in water; mtsctble with alco¬ 
hol and with ether. 

ASSAY: When examined by gas-liquid chromatography, if 
shows a purity of not less than 95%. The following condi¬ 
tions have been found suitable for assaying the substance: 

A 3-mm x 1,8-m stainless Steel column packed with 1.75% 
hydrated aluminum silicate plus 5,0% diisodecyl phthalate 
on support SI. Helium, having a flow ratę of about 
27.5 ml per minutę is the carrier gas, the detector temper¬ 
aturę is about 280 e , the injection port temperaturę Es 
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about 180°, and the column temperaturę is 80°. A ffame- 
Eonization detector is employed. 

Refractive Inoex (881): between 1.5040 and 1.5060, at 
20 °. 

p-Xylene, CeHur—106.17 [106-42-3]—Cotarfess IEquid, 

ASSAY: Inject an appropriate vo!ume into a gas chromato- 
graph (see Chromatography {62 1)) equtpped with a fiame- 
Eonization detector, helium being used as the carrfer gas, 
The following conditEons have been found sultable: a 0.25- 
mm x 30-m capillary column coated with a 1-pm layer of 
phase Cl 4; the column temperaturę Is maintained at 50° 
and programmed to rise 10° per mfnute to 100°; the in- 
jection port is maintained at I30°; and the detector is 
maintained at 300°, The area of the CbHio peak is not less 
than 99% of the to tal peak area, 

REFStAOWE lNDEX (831): between 1.493 and 1.497 at 20°. 

Xylene Cyanole FF, CzsF^NzNaOcSz—538,61 

[2650-1 7-1]—Gray-blue to dark blue powder. Sotuble in 

water. 

Assay: Transfer about 50 mg, accurateiy weighed, to a 
TOO-mL volumetric fiask, dlsso!ve in water, dii u te with 
water to volume, and mix. Transfer 2.0 mL of the solution 
to a 50-mL volumetric fiask, difute with pH 7.0 phosphate 
buffer to vo!ume (See Solutions, in this section), and mix. 
Using a suEtable spectrophotometer, 1-cm cells, and water 
as the blank, record the absorbance of the solution at the 
wavelength of maximum absorbance at about 614 nm. 
Prom the observed absorbance, calcu la te the absorptivity 
(see Ultraviolet-Visible Spectroscopy (857)): the absorptivity 
is not less than 55.9, corresponding to about 83% of 
CzsHzzNzNaO^Sz. 

Loss ON Dryinc (731): Dry it at 110° to constant weight: 
it loses not morę than 6,0% of its weight. 

Xylose, CsHioOi—150.13 [58-86-6]—Use a sultable 

grade. 

Yeast Extract—A water-soluble, peptone-Jike denvative of 
yeast cells ( Soccharomyces ) p rep a red u nder optimum condl- 
tions, clarifled, and drled to a reddish-yelfow to brown pow- 
der, having a characteristic but not putrescent odor. Soluble 
in water, forming a yeilow to brown solution, having a 
slightly add reaction. ContaEns no added carbohydrate. 

Loss ON DRYING (731) 

Analysis: Dry at 105° to constant weight. 

Acceptance criteria: NMT 6% 

Residue on iGNiTtON (Reagent test) 

Analysis: Ignite 500 mg with 1 ml of sulfuric acid 
Acceptance critena: NMT 75 mg (15.0%) 

CHLORIDE (Reagent test): NMT 5% of chloride (Cl), caEcu- 
lated as sodium chloride 


Nitrocen Content (Reagent test) 

Analysis: Determine by the Kjeldahl method, previously 
driecf at 105° to constant weight. 

Acceptance criteria: 7.2%-13.0% of N Es found. 
Microbial ContenT: NMT 1 Q Ą cfu/g 
Amino Nitrogen: 6,0%^6,9% 

Yeilow Mercu ric Gxide—See Mercuric Oxide, Yeilow . 

Zinc, Zn—At. Wt, 65.39 [7440-66-6]—Use ACS reagent 

grade. 

Zinc, Activated—Place zlnc pellets in a conical ffask, and 
add a sufficient quantfty of a 50-ppm solution of chloropEa- 
tinic add to cover al! pellets. Allow the metal to remain in 
contact with the solution for 10 min, drain, wash, and dry 
immediately. 

Assay: To 5 q of actrvated zinc add 15 mL of hydrochloric 
add, 25 mL of water, 0.1 mL of stannous chloride solution 
(235 mg/mL En hydrochloric acid), and 5 mL of potassium 
iodide solution (166 mg/mL in water). No staln is pro- 
duced when in contact with mercuric bromide paper. Re- 
peat the test for arsenie, usEng the same reagents and add- 
mg a solution containing 1 pg of arsenie, An appredable 
stain appears when Sn contact with mercuric bromide pa¬ 
per, 

Zinc Acetate, Zn(CH 3 COO) 2 * 2H 2 G—219.51 
[557-34-6]—Use ACS reagent grade. 

Zinc Amalgam—Add 54 g of mossy or granular zinc to 
100 mL of merojry in a beaker. Heat, with stlrring, on a hot 
pfate under a hooa [Caution: Mercu ry vapor is extreme!y 
toxic] until solution of the zinc is complete or practicalfy so. 
AElow to cool to room temperaturę, and if necessary add 
sufficient mercury to prevent soJidification of the amalgam. 
Transfer the amalgam to a glass-stoppered bottle, and shake 
a few times with aiEute hydrochloric acid (1 in 2), to remove 
any zme oxide formed. 

Zinc Chloride, A n hydro u s, Powdered—Use Zinc Chloride 
(USP monograph) that has been drled and powdered. 

Zinc Sulfate Heptahydrate, ZnS0 4 ■ 7H?0—287.54 
[7446-20-0]—Otiorless crystals, granules, or powder. 

Melting Point (741): 100°, 

Density: 1.97. 

Zirconyl Nitrate, Zr0(N0 3 )2—231.23 [13826-66-9]—Use 

a sultable grade. 
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INDICATORS 


1. SCOPE 

Indicators are reguired in Pharmacopeiat tests and assays 
to determine the spedfied endpolnt in a chemica! reaction, 
to measure hydrogennon concentration (pH), or to indicate 
that a desired changę in pH has been effected. The neces¬ 
sary Solutions of indicators are listed among the Test Solu¬ 
tions, abbreviated TS. 


2. PREPARATION OF SONIE INDICATORS 

Soiution of indicators of the basie type and of the phtha- 
leins are prepared by dlssoMng in alcohol. 

With indicators containing an acidic group, the add must 
first be neutralSzed with sodium hydroxide (NaOH) as fol- 
lows: triturate 100 mg of the Endlcator in a smooth-surfaced 
mortar with the volume of 0,05 N sodium hydroxide sped¬ 
fied in the directions for preparlng its Test Solution , or with 
the equivafent of 0.02 N sodium nydroxide. After sotubiliza- 
tion of the indicator, dilute the solution with carbon diox- 
ide-free water to 200 mL (finał concentration 0.05%). Storę 
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the solution In suitabfy reslstant containers, protected from 
light 

3. pH RANCE AND COLOR CHANCE FOR 
SOWIE U5EFUL INDBCATORS 


Indicator 

pHi Ranne 

Color Change 

Malachite qreen oxa- 
late 

0.0-2,0 

yeliow-are en 

Thvmol blue 

1 *2-2.8 

red-yellow 

Ouinaldine red 

1.4-3.2 

color!es$-red 

MetbyJ yeliow 

2.9—4.0 

red-yellow 

Bromophenol blue 

3.0M.Ó 

yellow-blue 

Methyl oranqe 

3.2-4.4 

pintt-yelSow 

Bromocresol areen 

4.0-5.4 

yellow-blue 

Methyl red 

4.2-6.2 

red-yellow 

Bromocresol purple 
sodium salt 

5.0-6,8 

greenish yellow-pur- 
Dle-vioEet 

Bromocresol purple 

52-6.8 

yelEoW" purple 

Bromothymol btue 

6.0-7.6 

yellow-blue 

Phenol red 

6.8-8,2 

yellow-red 

Ne u traf red 

6.8-8.0 

red-oranae 

Cresol red 

7,2-8.8 

yei!ow-red 

Thymol blue 

8.0-9.2 

yellow-blue 

Thymolphthafein 

8.6-10.0 

colodess-blue 

Phenolphthalein 

8*0-10.0 

coforless-red 

p-Naphtholbenzein 

8.8-10.0 

oranqe-qreen 

Nile blue hydrochlo- 
ride 

9.0-13.0 

blue-pink 


Afphazurine 2G—Use a suitabfe grade. 

Azo Violet [4-(p-Nitropheriylazo)resorcinol] f C 12 H 9 N 3 O 4 — 
259.22—Red powder, It melts at about 193% with decom- 
position. 

Bismuth Suffite—Use a suitable grade. 

Brilliant Green—See Rrilliant Creen in the section Reagents. 

Brilliant Yellow (Ci 24890), C 26 H 18 N,Na 2 O s S—592,49—-Or- 
ange to rust-colored powder. Soiuble in water. 

Loss on Dryjng (731): Dry it In vacuum at 60° for 
1 hour: it loses not morę than 5% of its weight 

Bromocresol Blue—Use Bromocresol Green, 

Bromocresoi Green (Bromocresol Blue; Tetrabromo-m-cresof- 
suifonphthalełri), QiHi.sBr,j 0 5 $—698*01—White or pale buff- 
colored powder. Slightly soluble in water; soluble m alcohol 
and in Solutions of alkafi hydroxides. Transition interwal: from 
pH 4.0 to 5.4. Color change: from yeJlow to blue. 

Bromocresol Green Sodium Salt—Use a suitable grade. 

Bromocresol Purple (Dibromo-o-cresolsuffonphthaieiri), 
C^iHifiBr^OsS—540*22—White to pink, crystaNine powder. 
Insolubfe In water; soluble in alconol and in Solutions of 
alkali hydroxides, Transition interval: from pH 5,2 to 6 . 8 . 
Color change: from yeJlow to purple. 

Bromocresol Purple Sodium Salt, C^iHisBriOsSNa— 

562.20—Black powder. Soluble in water. Transition interval: 
from pH 5.0 to 6 . 8 . Color change: from greenlsh yeliow to 
purplewiolet. 
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Melting Rangę (741): between 261° and 264°. 

Bromophenol Blue (3' ,3",5',5"-Tetrahromophenol- 
sulfonpnthalein), C^HioBufOsS—669.96—Pinkish crystals. In- 
soluble in water; soluble in alcohol and in Solutions of alkali 
hydroxides. Transition intervaJ: from pH 3.0 to 4.6. Color 
change: from yellow to blue. 

Bromophenol Blue Sodium—The sodium salt of 3',3",5',5" 
(Tetrabro moph en olsulfo nph thalein), C 1 9 H 9 B r 4 0 5 S N a— 

646*36—Pinkish crystals, Soluble in water and in alcohol. 
Transition interval: from pH 3.0 to 4.6. Color change: from 
yellow to blue. 

Bromothymol Blue ( 3% 3" - Dibromothymolsulfonphthafein), 
CzrhhaB^OsS-—624*38—Cream-colored powder. Insoluble in 
water; soluble in alcohol and in Solutions of alkali hydrox- 
ides. Transition inten/al: from pH 6.0 to 7,6, Color change: 
from yellow to blue. 

Congo Red—See Congo Red in the section Reagents. 

Cresol Red ( o-Cresoisulfonphthalein ), CaiHieOsS—382,43— 
Red-brown powder. Slightly soluble in water; soluble in al¬ 
cohol and In dilute Solutions of alkali hydroxides. Transition 
interval: from pH 7.2 to 8 . 8 . Color change: from yellow to 
red. 

Crystal Vrolet (Hexamethybp~rosaniline Chloride), 

C 25 H 3 qCIN] 3 —407.98—Dark-green crystals, Slightly soiuble in 
water; sparingly soluble in alcohol and In glaciai acetic add. 
Its Solutions are deep viofet in color, 

Sewsitweness: Df$solve 100 mg in 100 ml of glaciai acetic 
acid, and mix. Pipet 1 ml of the solution into a 100-mL 
volumetric fiask, and dflute with glaciai acetic acid to vol- 
ume: the solution is violet-blue in color and does not show 
a reddish tint. Pipet 20 ml of the diluted solution into a 
beaker, and titrate with OJ N perchloric acid VS, adding 
the perchloric acid slowly from a microburet: not morę 
than 0.10 ml_ of 04 N perchloric acid is required to pro- 
duce an emeratd-green color. 

4,5- Dihydroxy-3-(p“SU If opheny I azo)-2, 7- 
naphthalenedisulfonic Acid, Trisodtum Salt—See 2- 

( 4 -Sulfoph en ylazo) -1 , 8- dih ydroxy - 3,6-n oph th afenedis ul fonie 
Acid, Trisodtum Salt. 

Eosm Y (indicator grade Eosin Y f Sodium te- 
trabromofluorescein), C^H^Br.iNa^Os—691.86 [17372-87-1]— 
Red to brownisb-red pieces or powder. One g dissolves In 
about 2 mL of water and in 50 mL of alcohol, Dye eon tent 
about 80%. 

Eriochrome Black T [Sodium 1 -(7 -Hydroxy-2-naphthy- 
lazd)5-nitro-2-naphthol-4-sulfonate] ł C^H^N^NaO^S— 

461.38—Brownish-black powder having a faint, metallic 
sheen. Soluble En alcohol, in methanof and in hot water. 
Sensitweness: To 10 mL of a 1 in 200,000 solution in a 
mixture of egual parts of methanol and water add sodium 
hydroxide solution (1 In 100) until the pH is 10: the solu¬ 
tion is pure blue in color and free from cloudiness. Add 
0.01 mg of magnesium km (Mg): the color of the solution 
changes to red-viofet, and with the continued addilion of 
magnesium ion it becomes wine-red. 

Eriochrome Black T Trituration—Grind 200 mg of eri¬ 
ochrome black T to a fine powder with 20 g of potassium 
chloride. 

Litmus—Blue powder, cubes, or pieces, Partly soluble in 
water and in alcohol. Transition Interval: from approximately 
pH 4.5 to 8 . Color change: from red to blue, Litmus is un- 
suitable for determining the pH of alkalosds, carbonates, and 
bicarbonates. 
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Matachite Green Oxalate, [CzshhsNU^ - (T^BCL - ]? * 
C 2 H? 04 —927.00—The oxalate salt, crystallized with oxalic 
add, of a triphenylmethane dye. Dark-green powder, having 
a metalik luster. Sparingly soluble in water; soluble in glacial 
acetic acid* Transition interval: from pH 0.0 to 2.0, Cofor 
change: from yeflow to green. 

Methyl O rangę (Helianthin or Tropaeofin D), 

CnH^N^NaOsS—32733—The sodium salt of dimethylami- 
noazobenzene sulfonie acid or dimethylaminoazobenzene 
sodium sulfonate* An orange-yellow powder or crystalline 
scales. Slightly soluble in cola water; readfly soluble in hot 
water; insoluble in alcohol. Transition intervaf: from pH 3.2 
to 4.4* Color change: from pink to yellow, 

Methyl Red (2-[[4-(Dimethylamind)phenyf\azo]benzoic Add 
Hydrochforide), 2-[4 CCH 3 ) 2 NC 6 H, [ N:N]C i 5 H 4 COOH ■ HCI— 
305*76—Dark-red powder or violet crystals* Sparingly solu- 
ble in water; soluble in alcohol. Transition interval: from pH 
4*2 to 6*2* Color change: from red to yetlow, 

Methyl Red Sodium—The sodium salt of 2-[[4-(dimethy- 
lamino)phenyl]azo]benzoic add. 2 - 

[4- (C H 3)2 N N: N] C 6 H 4 COON a—291. 28—Ora n ge- brown 

powder* Freely soluble in cold water and in alcohol* Transi- 
Lion interyak from pH 4*2 to 6.2. Color change: from red to 
yellow, 

Methyl Yellow (p-Dimethylaminoazobenzene), C 14 H 15 N 3 — 
225.29—Yellow crystals, melting between 114° and 117°, 
Insoluble in water; soluble in alcohol, in benzene, in chloro¬ 
form, in ether, in diiute minerał adds, and in oils. Transition 
interval: from pH 2.9 to 4,0. Color change: from red to 
yellow* 

p-Naphtholbenzein (4-[a-(4-Hydroxy- 
1 -naphthyf)benzylidene]-l (4H)-naphthalenone) / 
(4-HOQ 0 Ha)C(:CioH6-4:0){C fi H s )—374*43—Reddish brown 
powder. Insoluble in water; soluble in alcohol, in benzene, 
in ether, and in gladal acetic add. Transition rnterval: from 
pH 8,8 to 10.0. Color change: from orange to green* 

Neutral Red (3-Amino-7-dimethyfamino-2-methylphenazine 
Monohydrochbnde), C 15 H^N.[ HCI—288*78—Reddish to ol- 
ive-green, coarse powder* Sparingly soluble in water and in 
alcohol. Transition interval: from pH 6.8 to 8.0. Color 
change: from red to orange* 

Nile Blue Hydrodilorlde (Nile Bfue A, os the hydrochloride; 

5 A mi. no- 9 -(diet h ylamśno) henzo [ a] p henoxazi n- 7dum chłońcie), 
C 20 H 20 CIN 3 O—353*85—Slightly soluble in alcohol and in 
glacial acetic acid, Transition interval: from pH 9.0 to 1 3*0. 
Color change: from blue to pink* 

Oracet Blue B (Solvent Blue 19)—A mlxture of 1-methyl 
amino-4-anllinoanthraquinone (C 21 H 1 GN 2 O 2 ) and 1 -amino- 

4- anIllnoanthraquinine (C 20 H 14 N 2 O 2 ), Where used for titra- 
tion in non-agueous media, li changes from blue (basie) 
through purple (neutral) to pink (acidic)* 

Phenol Red [4 f 4'-(3H-2,1-Benzoxathiol-3-ytidene)diphenot / 5, 

5- Dioxide] t C^HnO^S—354,38—Crystalline powder, varying 
in color from bright to dark red* Very slightly soluble in 
water; freely soluble in Solutions of alka li carbonates and 
hydroxides; slightly soluble in alcohol Transition interval: 
from pH 6.8 to 8*2, Color change: from yellow to red. 

P h e n o I p hth a lei n [ 3 ,3 - Bis(p- hydroxyph en yf)ph tha lide] f 

—318,32—White or faintly yellowish-white, crystal 
llne powder. Insoluble in water; soluble in alcohol* Transition 
interval: from pH 8.0 to 10.0. Color change: from colorless 
to red. 

Quinaidrne Red (5-Dimethyiamino-2-styrylethylquinolinium lo- 
dide), C 21 H 23 IN 2 —^30*33—Dark blue-blaek powder. Spar- 
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ingly soluble In water; freely soluble in alcohol Melts at 
about 260°, with decomposition* Transition interval: from 
pH 1*4 to 3.2. Color change: from colorless to red. 

2- (4-SulfophenyJazo)-1,8-dihydroxy-3,ó- 
naphthalened (sulfonie Acid, Trisodium Salt (4 f S-Dihydroxy- 

3- (p-sulfophenyiuzo)-2 f 7-naphthalenedisuifonk Add t Trisodium 
Salt), CieHęiNaGnSsNaa—570,42—Red powder. Soluble in 
water. 

Thymol Blue ( Thymoisulfonphthafein] ), C 27 H 30 O 4 S—466.59— 
Dark-colored, crystalline powder. Slightly soluble in water; 
soluble in alcohol and in diiute afkali Solutions* Acid —Transi¬ 
tion mterval: from pH 1.2 to 2.8* Color change: from red Lo 
yellow, Aikafine —Transition interval: from pH 8*0 to 9.2, 
Coior change: from yellow to blue, 

Thymolphthalein, C 73 H 30 O 4 —430.54—White to slightly yel¬ 
low, crystalline powder. Insoluble in water; soluble in alco¬ 
hol and in Solutions of alkali hydroxldes. Transition lnterval: 
from pH 9*3 to 10.5. Color change: from colorless to blue, 

Xyieno I Orange (N, N ł -[3H-2,1 -Benzoxathiol-3-ylidenebis - 
[{6-hydroxy-5-methyl-3, 1 - phenylene)methylene]]bis[N-(carboxy- 
methyf)g!ycine] S f S-dioxide) t CjiH^NhNafOuS—760.58—Or- 
ange powder* Soluble in alcohol and In water. In add solu- 
tion, it Is lemon-yelJow in color, and Its metal complexes are 
intensdy red* It ylelds a drstinct endpoint where a metal 
such as blsmuth, cadmlum, lanthanum, lead, mercury, scan- 
dium, thorium, or zinc is titrated with edetate disodlum. 

INDICATOR AND TEST PAPERS 


1. DEFINITION 

Indicator and test papers are strips of paper of suitable 
dimension and grade (see Filier Paper t Quantitative in the 
section Reagent Spedfications) impregnated with an indicator 
or a reagent that is sufficiently stable to provide a conven- 
lent form of the impregnated substance. 

Some test papers, or equivalenb may be obtained from 
commercial sources of laboratory supplies* A!tematively, 
they may be prepared In the laboratory. 

2. PREPARATION OF INDICATOR AND TEST 
PAPERS 

Treal strona white frlter paper with hydrochloric add, 
and wash with water until the last washlng no longer shows 
an add reaction to methyl red. Then treat with ammonia 
TS, and wash aga In with water until the last washlng is not 
alkaline to phenolphthalein. 

After thorough drying, saturate the paper with the proper 
strength or concentration of indicator solution, and carefully 
dry In still atr, unfess otherwise specified, by suspending It 
from rods of glass or other Inert materiał in a space free 
from acid, alkali, and other fumes, 

Cut the paper into strips of convenfent size, and storę the 
papers in weh-dosed contalners, protected from light and 
moisture, 

Cuprk Sulfate Test Paper—Use cupric suifate TS , 

Eriochrome Black T-Sodium Chloride Indicator: Mix 
0.1 g of eriochrome black T and 10 g of sodium chloride, 
and trlturate until the mixture becomes homogenous* 

Lead Acetate Test Paper—Usually about 6 x 80 mm in size* 
Use lead acetate TS, and dry the paper at 1 00*, avolding 
contact with metal. 
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Litmus Paper, BI ue—Usually about 6x50 mm in size. It 
meets the reguirements of tne foltowing tesfs. 

Phosphate (Reagent test): Cut 5 strips into smafl pieces, 
mtx witb 500 mg of magnesium nitra te in a porcelain cru- 
cible, and ignite. To the residue add 5 mL of nitric acid, 
and evaporate to dryness: the residue shows not morę 
than 0.02 mg of PCb, 

Residue on Ignition: Ignite earefully 10 strips of fhe paper 
to constant weight: the weight of the residue corresponds 
to not morę than 0.4 mg per strip of about 3 square cm, 
Rosin Acids: Immerse a strip of the blue paper in a solu- 
tion of 1 00 mg of silver nitrate in 50 mL of water: the 
color of the paper does not change in 30 seconds. 
Sensitiveness: Drop a 10- to 12-mm strip into 100 mL of 
0.0005 N add contained in a beaker, and stir continu- 
ousiy: the color of the paper is changed wlthin 45 seconds. 
The 0.0005 H acid is prepared by difuting 1 mL of 0.1 Ni 
hydrochforic acid with freshly boiled and cooled purified 
water to 200 mL, 

Litmus Paper, Red—Usually about 6x50 mm in size. Red 
litmus paper rneets the reguirements of the tests for Phos- 
phate, Residue on Ignition, and Rosin Acids, under Litmus Pa¬ 
per, Blue, 

5ensitiveness: Drop a 10- to 12-mm strip into 100 mL of 
0,0005 N sodium hydroxide contained in a beaker, and 
stir continuously; the coior of the paper changes within 
30 seconds. The 0.0005 N sodium hydroxide is prepared 
by diiuting 1 mL of 0.1 N sodium hydroxide with freshly 
boiled and cooled purified water to 200 mL. 

Mercuric Bromfde Test Paper—Place a 50 mg/mL solution 
of mercuric bromide in dehydrated aicohol in a disli, and 
immerse in it pieces of white fiiter paper weighing 80 g/m 2 
(speed of filtration ~ filtration time expressed in s for 
100 mL of water at 20° with a fiiter surface of 10 cm- 1 and a 
constant pressure of 6.7 kPa; 40-60 s), each measuring 
1.5 cm by 20 cm and folded in the middte. AJ Iow the excess 
of Jiguid to drain, and allow the paper to dry, protected 
from light, suspended over a nonmetallic thread. Dtscard 
1 cm from each end of each strip, and cut the remainder 
into 1.5-cm sguares or discs of 1.5-cm diameter. Storę in a 
glass-stoppered Container wrapped with black paper. 


IVIethyl Green-lodomercurate Paper—Immerse thin strips 
of suitabie fiiter paper in a 40 g per L solution of methyl 
green, and aliow to air-dry. Immerse the strips for 1 hour in 
a solution containing 140 g per L of potassium iodide and 
200 g per L of mercuric iodide. Wash with water until the 
washings are practicaily colorless, and aliow to air-dry. Storę 
protected from light, and use within 48 hours. 

Methyl Yellow Paper—Use a 1 in 2000 solution of methyf 
yellow in alcohoL 

pH Indkator Paper, Short-Range—Use a suitabie grade. 

Phenolphthalem Paper—Use a 1 in 1000 solution of phe- 
nolphthatein in diluted alcohoL 

Starch lodate Paper—Use a mixture of equal volumes of 
starch TS and potassium iodate solution (1 in 20). 

Starch Iodide Paper—Use a solution of 500 mg of potas¬ 
sium iodide in 100 mL of freshly prepared starch TS, 

Thrazole Yellow Paper: Use a 1 in 2000 solution of thia- 
zole yellow in water. 

Turmerk Paper—Use a solution prepared as follows: Macer- 
ate 20 g of powdered tur men t, the driad root of Curcumo 
longa Linne (Fam, Zrngiberaceae), with four 100-mL por- 
tions of cold water, decanting the dear liquid portion each 
time and discarding it, Dry the residue at a temperaturo not 
over 100°. Macerate with 100 mL of aicohol for several 
days, and fiiter. 

Sensitiveness: Dip a strip of the paper, of about 1 .5-cm 
length, in a solution of 1.0 mg of boric add in 5 mL of 
water, previously mixed with 1 ml of hydrochlorie acid, 
After 1 minutę remove the paper from the liquid, and al- 
fow it to dry: the yellow color changes to brown. Then 
moisten the paper with ammonia T5: the color of the pa¬ 
per changes to greenish black. 
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BUFFER SOLUTIONS 


1. DEFONSTI0N 

A solution is said to be buffered if it resists changes in the 
activlty of an ion on the addition of substances that are 
expected to change the activity of that ion. Buffers are sub- 
stances or combinations of substances that impart this resis- 
tance to a solution. Buffered Solutions are Systems in which 
the ion is in eguifibrium with substances capable of remov- 
ing or reieasing the Ion. 

2. BUFFER CAPACITY 

It refers to the amount of materiai that may be added to 
a solution without causing a significant change in ion activ- 
ity. It is defined as the ratio of add or base added (in gram- 
equivalents/L) to the change in pH units, The capacity of a 
buffered soiufion Is adjusted to the tondi tions ot use, usually 
by adjustment of the concentrations of buffer substances. 


3, USES 

Buffers are used to establish and maintain an ion activity 
within narrow limits. The most common systems are used 
for the following: 

a, to establish hydrogen-ion activity for the catibralion of 
pH meters 

b. in the preparation of dosage forms that approach 
isotonicity 

c. in anafytical procedures 

d, to maintain stability of various dosage forms 

Buffers used in physiological systems are earefully chosen 
50 as not to rnterfere with pharmacologica) activity of the 
medicament or norma! function of the organism, 

it is essential that buffers used En chemicai analysis be 
compatible with the substance determined and tne reaaents 
used. 

4. STANDARD BUFFER SOLUTIONS 

Standard Solutions of definite pH are readily available in 
buffer Solutions prepared from the approprrate reagents. 


Reagents 




Reagents 
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Buffer Solutions, buffer tablets, and buffer soJids may be 
obtained from commerdał sources in corwenient prepack- 
aged form, 

4*1 Preparation 

Prevtously dry the erystalline reagents at 110°-120° for 1 
h, except for boric acia and sod i u m aeetate trihydrate. 

Where water is spedfied for solution or dilution of test 
substances in pH determinations, use carbon dioxide-free 
water. 

Storę the prepared Solutions in chemically resrstant, tfght 
containers such as Type 1 glass bottles. Use the Solutions 
within 3 months* 

Standard buffer Solutions for various ranges between pH 
1.2 and 10.0 may be prepared by appropnate combrnations 
of the Solutions descriDea herein, used m the proportions 
shown in the table below. 

The volumes shown in the table below are for 200 mL of 
buffer solution, except for Aeetate Buffer where the volumes 
are for 1000 mL of buffer solution and for Citrate Buffer 
where the volumes are for 100 mL. 





CorriDosition of Standard Buffer Solutions 









Hydroehloric Add Buffer 






Place 50 mL of the potassium chloride solution in a 200-mL yolumetric fiask, add the spedfied volume of the hydroehloric acid solution, then add 
water to yolume. 

PH 

1*2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2,1 

2.2 

0.2 M HCI, mL 

85,0 

67.2 

53*2 

414 

32,4 

26.0 

204 

16.2 

13.0 

10,2 

7.8 






Add Phthalote Buffer 






Place 50 mL of the potassium biphthalate solution in a 200-mL yalumetric fiask, add the spedfied vofume of the hydroehloric add solution, then 
add water to yofume. 

pH 

2.2 

2.4 

2.6 

2*8 

3.0 

3.2 

3.4 

3,6 

3.8 

4.0 

0,2 M HCI. mL 

49.5 

42.2 

354 

28*9 

22.3 

15.7 

10.4 

6.3 

2.9 

0.1 




Neutraitzed Phthalote Buffer 






Place 50 mL of the potassium biphthalate solution in a 200-mL yolumetric fiask, add the spedfied vofume of the sodium hydroxide solution, then 
add water to yolume. 

pH 

4.2 

4.4 

4.6 

4.8 

5.0 

5.2 

5*4 

5.6 

5,8 

0.2 M NaOK. mL 

3.0 

6.6 

11.1 

16,5 

22,6 

28.8 

34.1 

38.8 

42.3 






Phosphate Buffer 







Place 50 mL of the monobasic potassium phosphate solution in a 200-mL yolumetric fiask, add the spedfied volume of the sodium hydroxide 
solution, then add water to yolume. 

e>h 

5.8 

6.0 

6.2 

6.4 

6,6 

6.8 

7.0 

7.2 

7.4 

7.6 

7,8 

8.0 

0.2 M IMaOH, mL 

3.6 

5.6 

8.1 

13 *6 

16,4 

22.4 

29.1 

34,7 

39.1 

424 

44.5 

46.1 


1. Hydroehloric Acid, 0.2 M and Sod i urn Hydroxide, 0,2 M: 
Prepare and standardize as directed in Volumetric 
Solutions. 

2. Potassium Biphtholate, 0.2 M: 40,85 g/L of potassium 
biphthalate in water. 

3. Potassium Phosphate, Monobasic 0.2 M : 27*22 g/L of 
monobasic potassium phosphate in water, 

4. Bario Acid and Potassium Chloride, 0.2 M: 12.37 g/L of 
boric acid and 14.91 g/L of potassium chloride in 
water. 

5. Potassium Chloride , 0.2 M: 14,91 g/L of potassium 
chloride in water. 

6. Acetic Acid, 2 N: Prepare and standardize as directed 
in Voiumetric Solutions. 

7. Citric Acid, 0.1 M: 21.01 g/L of citric add in water. 

8. Sodium Citrate, 0.1 M: 29,41 g/L of sodium citrate di- 
hydrate in water. 






Alkaline Borate Buffer 






Place 50 mL of the boric acid and potassium chloride solution in a 200-mL yolumetric fiask, add the spedfied yolume of the sodium hydroxlde 
solution, then add water to yolume. 

PH 

8,0 

8,2 

8.4 

8,6 

8.8 

9,0 

9.2 

94 

9.6 

9.8 

10.0 

0.2 M IMaOH, mL 

3*9 

6,0 

8.6 

11.8 

15,8 

20,8 

26.4 

32,1 

36.9 

40,6 

43,7 


Acetale Buffer 


Place the spedfied amount of sodium acetale NaCjhbG^-BH^O in a 1000-mL vofumetric fiask, add the spedfied yolume of the acetic add solution, 
then add water to yolume, and mix. i 


Eł!I 

4.1 

4.3 

4.5 

4,7 

4.9 

5.1 

5.2 

5.3 

5.4 

5*5 

pH fmeasured) 

4.10 

4.29 

4.51 

4.70 

4.90 

5.11 

5.18 

5,30 

5.40 

5*48 

NaGLhO? ■ 3H?G, a 

1.5 

1,99 

2.99 

3.59 

4.34 

5.08 

5.23 

5.61 

5.76 

5,98 

2 N CHiCOOH, mL 

19,5 

17,7 

14.0 

11.8 

9.1 

6*3 

5.8 

4.4 

3.8 

3.0 


Citrate Buffer 

Mix 0.1 M Citric Acid with 0,1 M Sodium Citrate in t 

he proportions a 

iven below. 

dH 1 3.0 1 3.2 1 3.4 1 3.6 1 3.8 

4*0 ! 4,2 

4-4 1 4.6 1 4.8 1 5.0 1 5.2 | 5.4 | 5.6 [ 5.8 1 6.0 1 6.2 
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Gtrołe Buffer 


0.1 M 

Citric 

Add, 

mL 

82,0 

77.5 

73.0 

68.5 

63.5 

59.0 

54.0 

49.5 

44.5 

40.0 

35.0 

30*5 

25.5 

21.0 

16.0 

11.5 

8.0 

0.1 M 
Sodium 
Otrą te, 
ml 

18.0 

22.5 

27.0 

31.5 

36.5 

41*0 

46.0 

50,5 

55.5 

60.0 

65.0 

69.5 

74.5 

79,0 

84.0 

88.5 

92.0 


COLORIMETRIC SOLUTIONS (CS) 


1, DEFSNSTION 

Colorimetric Solutions are used in the preparation of the 
colorimetric standards for certain drugs and for the 
carbonizatton tests with suffuric add that are spedfied in 
some monographs. 

For the preparation of matching fluids, see Color and 
Achromidty (631). 

2. STORAGE 

Storę colorimetric Solutions in suitably resistant, tight 
containers. 

3. COMPARISON OF COLORS 

Comparison of colors as directed in the Pharmacopeial 
tests preferably is madę in matched color-comparison tubes 
or in a suitable colorimeter under conditions that ensure 
that the colorimetric reference solution and that of the spec- 
imen under test are treated alike in alf respects. The com¬ 
parison of colors is best madę in layers of equa3 deptb, and 
viewed transversely agarnst a white background (see afso 
Nepheiometry, Tumidimetry, and Vi$ual Comparison (855)). 

]t is particularly important that the Solutions be compared 
at the same temperaturę, preferably 25°. 

Cobaltous Chloride CS—Dissofve about 65 g of cobaitous 
chloride (CoCl 2 * 6H 2 0) in enough of a mixture of 25 mL of 
hydrochloric add and 975 mL of water to make 1000 ml. 
Pipet 5 mL of this solution into a 250-mL iodtne fiask, add 
5 mL of hydrogen peroxide T5 and 15 mL of sodium hy- 
droxide solution (1 in 5), boil for 1 0 minutes, cod, and add 
2 g of potassium iodide and 20 mL of dilute sulfuric acid (1 
in 4). When the precipitate Has dissolved, titrate the liber- 
ated iodine with 0.1 N sodium thiosulfate V5, adding 3 mL 
of starch TS as the indicator, Perform a blank determination 
with the same quantitfes of the same reagents, and make 
any necessary correction. Lach mL of OJ N sodium thiosul¬ 
fate is equrvafent to 23*79 mg of CoCI 2 * 6H 2 0* Adjust the 
finał volume of the solution by the addition of enough of 
the mixture of hydrochloric acid and water so that each mL 
contains 59.5 mg of CoCI 2 ■ 6H 2 0. 

Cupric Sulfate CS—Dissofve about 65 g of cupric sulfate 
(Cu50^ * 5H 2 0) 3n enough of a mixture of 25 ml of hydro¬ 
chloric acid and 975 mL of water to make 1000 mL. Pipet 
10 mL of this solution into a 250-mL iodine fiask, add 40 mL 
of water, 4 mL of acetic add, 3 g of potassium iodide, and 
5 mL of hydrochloric acid, and titrate the liberated iodine 
with 0.1 N sodium thiosulfate VS, adding 3 mL of starch TS 
as the indicator* Perform a blank determination with the 
same guantities of the same reagents, and make any neces¬ 
sary correction. Each mL of 0J N sodium thiosulfate Es 
equivalent to 24.97 mg of CuSCh 5H 2 Q. Adjust the finał 
voJume of the solution by the addition of enough of the 
mixture of hydrochloric add and water so that each mL 
contains 62.4 mg of CuS0 4 ■ ShhO. 


Ferric Chloride CS—DissoJve about 55 g of ferric chloride 
(FeCIj ■ óFbO) in enough of a mixture of 25 mL of hydro¬ 
chloric acid and 975 mL of water to make 1000 mL. Pipet 
10 mL of this solution into a 250-mL iodine fiask, add 15 mL 
of water, 3 q of potassium iodide, and 5 ml of hydrochloric 
acid, and ailow the mixture to stand for 15 minutes* Dilute 
with 100 mL of water, and titrate the liberated iodtne with 
OJ N sodium thiosulfate VS, adding 3 mL of starch TS as 
the Indicator. Perform a blank determination with the same 
quantities of the same reagents, and make any necessary 
correction. Each mL of OJ N sodium thiosulfate is egu ta¬ 
lent to 27*03 mg of FeClą ■ 6H 2 0. Adjust the finał volume of 
the solution by the addition of enough of the mixture of 
hydrochloric acid and water so that each mL contains 
45.0 mg of FeCh ■ 6H 2 0* 

INDICATORS SOLUTIONS 

See TEST SOLUTIONS . 

TEST SOLUTIONS (TS) 


1. USE AS INDICATORS 

Certain test Solutions are intended for use as add-base 
indicators in volumetric analyses* Such Solutions should be 
so adjusted that when OJ 5 mL of the indicator solution is 
addea to 25 mL of carbon dioxide-free water, 0.25 mL of 
0.02 N acid or alkall will produce the characteristic color 
change. Similar Solutions are intended for use in pH meas- 
urement. Where no special directions for their preparation 
are given, the same solution is suitable for both purposes. 

2. VOLUMETRIC SOLUTIONS USED AS TEST 
SOLUTIONS 

Where it is directed that a vo[umetric solution be used as 
the test solution in a qualitative procedurę, standardization 
of the solution used as the test soEution is not reguired* 

3. SOLUTIONS PREPARED FRESK 

In generał, the directive to prepare a solution "fresh" indi- 
cates that the solution is of limited stability and must be 
prepared on the day of use* 

Acetaldehyde TS—M3x 4 mL of acetafdehyde, 3 mL of alco- 
hol, and 1 mL of water. Prepare this solution fresh. 

Acetate Buffer TS^Dissoh/e 320 g of ammonium acetate En 
500 mL of water, add 5 mL of glacial acetic acid, dilute with 
water to 1 000.0 ml, and mix. This solution hąs a pH be- 
tween 5.9 and 6.0. 


Add the folio wing: 

A 1 M Acetic Acid TS—Transfer 57.4 mL of glacial acetic acid 
to a 1000-mL volumetric fiask. Dilute with water to volume. 


AU&40 


Reagents 























Reagents 


2412 Test Solutions / Solutions 


USP 40 


Add the following: 

A 2 M Acetic Add TS—Transfer 114,8 mL of glacial acetic 
add to a 1000-mL volumetric fiask. Dilute with water to 
votume.AiJwva 

Acetic Add, Glacial, TS—Determine the water eon tent of a 
specimen of glacial acetic acid by the Tttrimetric Method (see 
Water Determination (921 }). If the acid contains morę than 
0,4% of water, add a few mL of acetk anhydride, mrx, al¬ 
tów to stand overnight, and again determine the water con- 
tent. If the add contams less than 0.02% of water, add 
suffieient water to make the finał concentration between 
0.02% and 0.4%, mix, allow to stand overnight, and again 
determine the water eon tent. Repeat the adjustment witn 
acetic anhydride or water, as necessary, until the resulting 
solution shows a water eon tent of not morę than 0.4%. 

Acetic Add, Strona T5—Add 300.0 mL of glacial acetic 
acid, and dilute witn water to 1000 mL. This solution con¬ 
tains about 30% (v/v) of CHjCOOH and has a concentration 
of about 5 N. 

Acetic Acid-Ammonium Acetate Buffer TS—Dissolve 
77,1 g of ammonium acetate in water, add 57 mL of glacial 
acetic acid, and dilute with water to 1000 mL, 

Acetone, Buffered, TS—Dis$olve 8,15 g of sodium acetate 
and 42 g of sodium chloride in about 100 mL of water, and 
add 68 mL of 0.1 N hydrochloric acid and 150 mL of ace¬ 
tone. Mix, and dilute with water to S00 mL, 

Add Ferric thlonde TS—Mix 60 mL of glacial acetic acid 
with 5 mL of sulfuric acid, add 1 mL of ferric chloride TS, 
mix, and cool. 

Acid Ferrous Suffate TS—See Ferrous Sulfate, Add, 75. 

Add Stannous Chloride TS—See Stannous Chloride , Add, 

75, 

Add Stannous Chloride TS, Stronger—See Stannous Chlo- 
ride, Add, Stronger ■ 75, 

Albumen TS—Carefully separate the white from the yolk of 
a strictly Fresh hen's egg. Shake the white with 100 ml of 
water until mixed andall but the chalaza has undergone 
solution; then filter, Prepare the solution fresh. 

Alcohol-Phenol TS—DissoJve 780 mg of phenol in alcohol 
to make 100 mL, 

Alcoholk TS—It contains 95 parts of specially denaturated 
alcohol 3A with 5 parts of isopropyl alcohol The finał eon- 
centrations are approximately 90% alcohol, 5% methanol, 
and 5% isopropanol, 

[Notę—A suitabfe grade is availabie as Reagent alcohol, 
catalog number R8382, available at www.sigma-aldrich. 
com,] 

Alcoholk Ammonia TS—See Ammonia 75, Aicohoiic , 

Alcoholk Mercuric Bromlde TS—See Mercuńc Bromide 75, 
Alcoholk, 

Aicohoiic Potassium Hydroxide TS—See Potassium Hydrox- 
ide 75, Alcoholk, 

Al kalinę Cupric Citrate TS—See Cupric Citrate TS, Alkaline, 

Alkallne Cupric Citrate TS 2—See Cupric Citrate 75 2, Alka¬ 
line\ 


Alkaline Cupric lodide TS—See Cupric lodide 75, Alkaline. 

Alkaline Cupric Tartrate TS (Fehłing'5 Solution )—see Cupric 
Tartrate 75, Alkaline. 

Alkaline Mercuric-Potassium lodide TS—See 
Mercuric-Potossium lodide 75, Alkaline, 

Alkaline Prcrate TS—See Picrate 75, Alkaline . 

Alkaline Sodium Hydrosulflte TS—See Sodium Hydrosulfite 
TS, Alkaline . 

Amaranth TS—Dissoke 20 mg of amaranth in 10 mL of 
water. 

Aminonaphtholsulfonic Acid TS—Accurately weigh 5 g of 
sodium suifite, 94.3 g of sodium bisulfite, and 700 mg of 
1,2,4-aminanaphthoJsulfonic acid, and mix. Prepare amino¬ 
naphtholsulfonic add TS fresh on the day of use by dissolv- 
ing 1.5 g of the dry mixture in 10 mL of water. 

Ammonia TS—It contains between 9.5% and 10.5% of 
NH 3 . Prepare by diluting 350 mL of Ammonia Water, 
Stronger (see in the section, Reagents ) with water to make 
1000 mL 

Ammonia TS 2—Prepare by dilutmej 13.5 mL of Ammonia 
Water, Stronger (see Reagent Specifications in the section Re¬ 
agents) with water to make 100 mL. 

Ammonia TS, Aicohoiic—A solution of ammonia gas in al¬ 
cohol. Cfear, colorless liquid having a strong odor of ammo¬ 
nia. Specific gravity: about 0.80, It contains between 9% 
and 11% of NHj* Storę it in alkaii-resistant containers, in a 
cold place. 

Ammonia TS, Stronger—Use Ammonia Water, Stronger (see 
tn the section Reagents), 

Ammonia-Ammonium Chloride Buffer TS—Dissolve 
67.5 g of ammonium chloride in water, add 570 mL of anv 
monium hydroxide, and dilute with water to 1000mL. 

Ammonia-Cyanide TS—Dissolve 2 g of potassium eyanide 
in 15 mL of ammonium hydroxide, and dilute with water to 
1O0 mL 

Ammoniacal Potassium Ferricyanide TS—Dissolve 2 g of 
potassium ferricyanide in 75 mL of water, add 25 ml of am¬ 
monium hydroxide, and mix. 

Ammoniated Cupric Oxide TS—See Cupric Oxide, Ammoni- 
ated, 75. 

Ammonium Acetate TS—Dissolve 10 g of ammonium ace¬ 
tate in water to make 100 mL. 

Ammonium Carbonate TS—Dis$olve 20 g of ammonium 
carbonate and 20 mL of ammonia TS in water to make 
100 mL. 

Ammonium Carbonate TS 2—Prepare a 158-mg/mL solu¬ 
tion of ammonium carbonate in water. 

Ammonium Chloride TS—Dissolve 10.5 g of ammonium 
chloride in water to make 100 mL, 

Ammonium Chloride-Ammonium Hydroxide TS—Mix 
equal volumes of water and ammonium hydroxide, and sat- 
urate with ammonium chloride. 
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Add the fothwlng: 

A 1 M Ammonium Hydroxide T$—Transfer 67,6 mL of am- 
monium hydroxide Lo a 1000-mL vofumetnc fiask. Dilute 
wilh water to volume. A ^M 


Add the fotlowing: 

*2 M Ammonium Hydroxide TS—Transfer 1 35 mL of am¬ 
monium hydroxide to a 1000-mL volumetric fiask. Dilute 
wrlh water to voIume.Ai/i ^0 

Ammonium Molybdate T5—Dissolve 6.5 g of finely pow- 
dered molybdtc add in a mixture of 14 mL of water and 
14.5 mL of ammonium hydroxide. Cool the solution, and 
add it slowly, with stirnng, to a well-cooled mixture of 
32 mL of nitric add and 40 ml of water. Allow to stand for 
48 hours, and fil ter through a ffne-porosity, sintered-glass 
crudble. This solution deteriorates upon standing and <s un- 
suitable for use if, upon the addition of 2 mL of dibasic so- 
dium phosphate T5 to 5 mL of the solution, an abundant 
yellow precipitate does not form at once or after slight 
warming. Storę it in the dark. If a precipitate forms during 
storage, use onfy the elear supernatant. 

Ammonium Oxaiate TS—DissoIve 3.5 g of ammonium oxa- 
late in water to make 100 mL. 

Ammonium Phosphate, Dibasic, T$ (Ammonium Phosphate 
TS )—Dissoive 1 3 g of dibasic ammonium phosphate in 
water to make 100 mL. 

Ammonium Polysulfide TS—Yeltow liquid, madę by saturat- 
rng ammonium sulfide TS with sulfur. 

Ammonium Pyrrolidinedithiocarbamate, Saturated, TS— 
Add about 10 g of ammonium pyrrolidinedithiocarbamate 
to a 1000-mL volumetric fiask, and dilute with water to vot- 
ume. 

Ammonium Reineckate TS—Shake about 500 mg of am¬ 
monium reineckate with 20 mL of water freguently during 
1 hour, and filter. Use within 2 days. 

Ammonium Sulfide TS—Use ACS reagent-grade Ammo¬ 
nium Sulfide Solution. 

Ammonium Thiocyanate TS—Dissołve 8 g of ammonium 
thiocyanate in water to make 100 ml. 

Ammonium Vanadate TS—Dissolve 2.5 q of ammonium 
vanadate in 500 mL of boiling water, cool, and add 20 mL 
of nitric add. Mix, cool, and add water to make 1 L Storę 
in polyethylene containers, 

Anthrone TS—Within 12 hours of use, raptdly dissolve 
35 mg of anthrone in a hot mixture of 35 mL of water and 
65 mL of sulfuric acid. Immediately cool in an ice bath to 
room temperaturę, and filter through glass wool. Altów the 
solution to stand at room temperaturę for 30 minutes before 
use, 

Antimony Trkhlortde TS—Dissolve 20 g of antimony 
trichloride in chloroform to make IGOmL. Filter if necessary 

10% Ascorbic Add TS—Transfer 10 g of ascorbic add to a 
100-mL voJumetric fiask. Di$$olve in and dilute with water 
to volume, 

Barium Chloride TS—Dissotve 12 g of barium chloride in 
water to make 100 mL. 


Barium Hydroxide TS—A saturated solution of barium hy- 
droxide in recently boiled water. Prepare the solution fresh. 

Barium Nitrate TS—Dissolve 6.5 g of barium nitrate in 
water to make 100 mL. 

Betanaphthol TS—See 2^Nophthoi TS . 

Bluret Reagent TS—Dissofye 1.5 g of cupric sulfate and 
6.0 g of potassium sodium tartrate in 500 mL of water tn a 
1000-mL volumetrk fiask. Add 300 mL of carbonate-free so¬ 
dium hydrojdde solution (1 in 10 ), dilute with carbonate- 
free sodium hydroxide solution (1 in 10) to 1000 mL, and 
mix. 

Blue Tetrazolium TS—Dissolve 500 mg of blue tet- 
razoiium in alcohol to make 100 mL. 

Brilliant Blue C TS—Transfer 25 mg of brilliant blue C to a 
100-mL volumetric fiask, add 12.5 mL of aicohol and 25 mL 
of phosphoric add, dilute with water to volume, and mix. 

Bromine T5 (Bromine Water )—A saturated solution of bro- 
mme, prepared by agitating 2 to 3 mL of bromine with 
100 ml of cold water in a glass-stoppered bottle, the stop- 
per of which should be lubricated with petrolatum. Storę it 
in a cold place, protected from Jight. 

Bromme-Sodium Acetale TS—D*ssolve 1 GO g of sodium 
acetate in 1000 mL of glacial acetic add, add 50 mL of bro¬ 
mine, and mix. 

p-Bromoanrfine TS—Add 8 g of p-bromoaniline to a mix- 
Łure of 380 mL of thiourea-saturated glacial acetic add, 

10 mL of sodium chloride solution (1 in 5), 5 mL of oxalic 
acid solution (1 in 20), and 5 mL of dibasic sodium phos¬ 
phate solution (1 in 10) tn a low-actinic giass bottłe. Mix, 
and allow to stand overnight before using. Protect from 
light, and use within 7 days. 

Bromocresol Blue TS—Use Bromocresol Green TS , 

Bromocresol Green TS—DissoIve 50 mg of bromocresol 
green in lOOmL of aicohol, and filter if necessary. 

Bromocresol Green-Methyl Red TS—Dissolve 0,15 g of 
bromocresol green and OJ g of methyl red Sn 180 mL of 
alcohol, and dilute with water to 200 ml. 

Bromocresol Purple TS—Dtssoive 250 mg of bromocresol 
purple in 20 mL of 0.05 N sodium hydroxide, and dilute 
with water to 250 mL, 

Bromophenol Blue TS—Dissolve 100 mg of bromophenol 
blue in 100 mL of diluied alcohol, and filter if necessary. 

Bromothymol Blue TS—Dissolve 100 mg of bromothymol 
blue in 100 mL of diluted alcohol, and filter if necessary. 

Buffered Acetone TS—See Acetone, Buffered, TS. 

Caldum Chloride TS—Dissolve 7.5 g of caldum chloride in 
water to make 100 mL. 

Caldum Hydroxide TS-—Use Caldum Hydroxtde 7bp/co/ Solu * 
don (USP monograph). 

Caldum Sulfate TS—A saturated solution of calcium sulfate 
in water. 

Ceric Ammonium Nitrate TS—Dissolve 6.25 g of ceric am¬ 
monium nitrate in 10 mL of 0.25 N nitric add. Use within 3 
days. 
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Chforal Hydrate TS—Disso]ve 50 g of chlorai hydrate in a 
mixture of 15 mL of water and 10 mL of gfycertn. 

Chlorine TS (Chłonne Water)—A saturated solution of chło¬ 
nne in water. Place the solution in smali, tompieteEy fiiled, 
light-resistant containers. Chlorine TS, even wnen kept from 
light and air, is apt to detenorate, Storę it in a cold, dark 
place. For fuli strength, prepare this solution fresh. 

Chromotropic Add TS—Dissoive 50 mg of chromotropic 
add or its dlsodium salt in 100 ml of 75% sulfuric add, 
which may be madę by cautiously addlng 75 mL of suifuric 
acid to 333 mL of water. 

Cobalt-Urany! Acetale TS—Dissoive, with warnntng, 40 g 
of uranyI acetate in a mixture of 50 g of glacial acetic acid 
and sufficient water to make 500 ml. Similarly, prepare a 
solution containing 200 g of cobaltous acetate in a mixture 
of 50 g of gfadal acetic add and sufficient water to make 
500 mL. Mi x the two Solutions while still warm, and cool to 
20°. Maintain the temperaturę at 20° for about 2 hours to 
separate the excess saits from solution, and then pass 
through a dry filier, 

Cobaltous Chloride TS—Dissolve 2 g of cobaltous chloride 
in 1 mL of hydrochloric acid and sufficient water to make 

100 mL 

Congo Red TS—Dissolve 500 mg of congo red in a mixture 
of 10 mL of atcohol and 90 ml of water. 

m-Cresol Purple TS—Dissolve 0.10 g of metacresol purple 
in 15 mL of 0.01 N sodium hydroxide, dilute with water to 
100 ml, and mix. 

Cresoi Red TS—Triturate 100 mg of cresoi red in a mortar 
with 26.2 mL of 0.01 N sodium nydroxide until solution is 
complete, then dilute the solution with water to 250 mL 

Cresoi Red-Thymol Blue T5—Add 1 5 ml of thymol blue TS 
to 5 mL of cresoi red TS, and mix h 

Crystai Vio!et TS^—DissoEve 100 mg of crystal vioiet in 
10 mL of glaclal acetic acid. 

Cupric Acetate TS—Dissolve 100 mg of cupric acetate in 
about 5 mL of water to which a few drops of acetic add 
have been added. Dilute to 100 mL, and filter, if necessary. 

Cupric Acetate TS, Stronger (Barfoed's Reagent) —Dlssolve 
15.5 g of cupric acetate in a mixture of 195 ml of water 
and 5 mL of acetic acid, 

Cupric-Ammomum Sulfate TS—To cupric sulfate TS add 
ammonia TS, dropwise, until the precipitate initially formed 
is nearly but not completeiy dissoived. Allow to settle, and 
decant the elear solution. Prepare this solution fresh. 

Cupric Citrate T5—Dissolve 25 g of cupric suifate, 50 g of 
citric acid, and 144 g of anhydrous sodium carbonate in 
water, and dilute with water to 1000 mL. 

Cupric Citrate TS, Al kalinę—With the aid of heat, dissoiue 
1 73 g of dihydrated sodium dtrate and 11 7 g of monohy- 
drated sodium carbonate in about 700 mL of water, and 
filier through paper, if necessary, to obtain a elear solution. 
In a separate Container dissoive 1 7.5 g of cupric sulfate in 
about 100 mL of water, and slowty add this solution, with 
constant stirring, to the first solution. Cool the mixture, add 
water to make 1000 mL, and mtx. 

Cupric Citrate TS 2, Al kalinę—With the aid of heat, dis- 
solve about 173 g of sodium dtrate dihydrate and 117 g of 
sodium carbonate monohydrate in about 700 mL of water, 


and filier. Jn a second fiask, dissolve about 27.06 g of cupric 
sulfate (CuSO.ii * SbhO) in about 1 00 mL of water. Slowty 
combtne the two Solutions while stirring, and dilute with 
water to 1000 mL, 

Cupric lodide TS, Alkaline—Dissolve 7.5 g of cupnc sulfate 
(CuSCL ■ SH^O) in about 100 mL of water, In a separate 
Container dissolve 25 g of anhydrous sodium carbonate, 

20 g of sodium bicarbonate, and 25 g of potassium sodium 
tartrate in about 600 mL of water. With constant stirring, 
add the cupric suifate solution to the bottom of the alkaline 
tartrate solution by means of a funnel that touches the bot¬ 
tom of the Container. Add 1.5 g of potassium iodide, 200 g 
of anhydrous sodium sulfate, 50 to 150 mL of 0.02 M po¬ 
tassium iodate, and sufficient water to make 1000 mL. 

Cuprrc Oxide, Ammoniated, TS (Schweitzer '5 Reagent)— 
Dissolve 10 g of cupric sulfate in 100 mL of water, add suffi¬ 
cient sodium hyclroxide solution (1 in 5) to precipitate the 
copper hydroxide, collect the latter on a filter, and wash 
free from suifate with cold water. Dissolve the precipitate, 
which must be kept wet during the entire process, in the 
minimum quantity of ammonia T5 necessary for compiete 
solution. 

Cupric Sulfate TS—Dissolve 12.5 g of cupric sulfate in 
water to make 100 mL 

Cupric Tartrate TS, Alkaline (Fehfing's Solution) 

The Copper Solution (A): Disso3ve 34.66 g of carefutly se- 
iected, smali crystals of cupric sulfate, showing no tracę of 
efflorescence of adhering moisture, in water to make 
500 mL, Storę this solution in smali, tight containers. 

The Alkaline Tartrate solution (B): Dsssolve 173 g of 
crystallized potassium sodium tartrate and 50 g of sodium 
hydroxtde in water to make 500 mL. Storę this solution in 
smali, alkali-resistant containers. 

For use, mix exactly equal vo3umes of Solutions A and B 
at the time required. 

Delafield's Hematoxylin TS—Prepare 400 mL of a saturated 
solution of ammonium alum (Solution AT Dissoke 4 g of 
hematoxylin in 25 mL of alcohol, mix it with Solution A, and 
allow It to stand for 4 days in a fiask closed with a piedget 
of punfied cofton and exposed to light and air (Solution B). 
Then filter Solution B, and add to it a Solution C consisting of 
a mixture of 100 mL of gfycerin and 100 mL of methanoL 
Mix, and allow the mixture to stand in a warm place, ex- 
posed to light, for ó weeks until it be co mes dark-colored. 
Storę in tightly stoppered bottles. 

For use in staining endocrine tissue, dilute this test soiu- 
tion with an equal volume of water. 

Denaturated Alcoholic TS —A specially denaturated alcohol 
containing either rubber hydrocarbon solvent of heptane or 
toluene, [Notę—A suitable grade ts available from www.ty- 
ondell.com or from www. 5 as 0 l.com, as Ethanol SDA 2B HEP 
200, or Ethanol SDA 2B TOL 200, or Ethanol SDA 2B TOL 
190, or Alcohol SDA 2B-2,] 

Deniges' Reagent—See Mercuric Suifate TS . 

Diazobenzenesulfonic Acid T5—Place in a beaker 1.57 g of 
sulfaniiic add, previously dried at 105° for 3 hours, add 
BO mL of water and 10 mL of diiuted hydrochloric acid, and 
warm on a steam bath until dissolved. Coo! to 15° (some of 
the sulfaniiic acid may separate but will dissolve later), and 
add slowty, with constant stirring, 6.5 mL of sodium nitrite 
solution (1 in 10). Then dilute with water to 100 mL. 

Dichlorofluorescein TS—Dissolve 100 mg of dlchiorofluo- 
rescein in 60 mL of alcohol, add 2.5 mL of 0,1 N sodium 
hydroxide, mix, and dilute with water to 100 ml. 
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2,7-Dihydroxynaphthalene TS—Dissolve lQ0mq of 2,7* 
dihydroxynaphthalene in 1000 mL of sulfuric acid, and allow 
the soliition to stand until the yellow color disappears* If the 
solution is very dark, discard it and prepare a new solution 
from a different supply of sulfuric acid. This solution is stable 
for approximately 1 month tf stored in a dark bottle. 

DHodofluorescein TS—Dissolve 500 mg of diiodofluorescein 
in a mlxture of 75 mL of alcohol and 30 mL of water. 

Diluted Lead SubacetateTS—See Leod Subacetate TS, Di¬ 
luted. 

p-Dimethylaminobenzaldehyde TS—Dissolve 125 mg of p- 
dimelhylaminobenzaldehyde in a cooled mixture of 65 mL 
of sulfuric acid and 35 mL of water, and add 0.05 mL of 
ferric chloride TS* Use within 7 days. 

Dinitrophenylhydrazine TS—CarefuJIy mix 10 mL of water 
and 10 mL of sulfuric acid, and cool. Tb the mixture, con- 
tained in a glass-stoppered fiask, add 2 q of 2,4-dinitrophen- 
ylhydrazine, and shake until dissolved. to the solution add 
35 mL of water, mix, cool, and filter* 

Diphenylamine TS—Di$solve 1.0 g of diphenylamine in 
lOOmL of sulfuric acid. The solution shoufd be coloriess. 

Diphenykarbazone TS—Dissolve 1 g of crystaflrne 
diphenylcarbazone in 75 mL of alcohol, then add alcohol to 
make 100 mL. Storę in a brown bottle. 

Dithizone TS—Dissolve 25.6 mg of dithizone in 100 mL of 
alcohol. Storę in a coid place, and use within 2 months. 

Dragendorffs TS—Mix 850 mg of bismuth subnltrate with 
40 mL of water and 10 mL of gfarial acetic add (Solution AJ* 
Disso!ve 8 g of potassium iodide in 20 mL of water (Solution 
B). Mix eaual portions of Solution A and Solution B to obtain 
a stock solution, which can be stored for several months in 
a dark bottle. Mix 10 ml of the stock solution with 20 mL of 
gfacial acetic acid, and dilute with water to make 100 mL. 

Edetate Disodium TS—Dissolve 1 g of edetate disodium in 
950 mL of water, add 50 ml of alcohol, and mix. 


Add t/ie folio wing: 

A Q*01 M Edetate Disodium TS—Transfer 100 mL of 0.1 M 
edetate disodium VS to a 1000-mL volumetric fiask. Dilute 
with water to yolume.+uwa 

Eosin V TS (adsorption indicator)—Dtssoive 50 mg of eosin 
Y rn 10 mL of water. 

Eriochrome Black TS—Dissolve 200 mg of eriochrome blacie 
T and 2 g of hydroxy!amine hydrochloride In methanol to 
make 50 mL. 

Eriochrome Cyanine TS—Dlssolve 750 mg of eriochrome 
cyanine R in 200 mL of water, add 25 g of sodium chloride, 
25 g of ammonium nitrate, and 2 mL of nitric acid, and di¬ 
lute with water to 1000 mL. 

Fehltng's Solution—See Cupric Tar tratę 75, Alkaline. 

Ferric Ammonium Sulfate TS—Dissolve 8 g of ferric ammo¬ 
nium sulfate in water to make 100 mL. 

Ferric Chloride TS—Dissoive 9 g of ferric chloride in water 
to make 100 mL. 


Ferroin TS—Dissolve 0.7 g of ferrous sulfate and 1.76 g of 
o-phenanthroline monohydrochloride monohydrate in 
water, and dilute with water to 100 mL. 

Ferrous Sulfate TS—Dissolve 8 g of elear crystals of ferrous 
sulfate in about 100 mL of recently boiled and thoroughly 
cooled water. Prepare this solution fresh. 

Ferrous Sulfate, Acfd, TS—Dissotve 7q of ferrous sulfate 
erystais in 90 mL of recently boiled and thoroughly cooled 
water, and add suffuric acid to make 100 mL. Prepare this 
solution immediateiy prior to use* 

Folin-Cioealteu Phenol TS—Into a 1500-mL fiask introduce 
100 g of sodium tungstate, 25 g of sodium molybdate, 

700 ml of water, 50 mL of phosphoric acid, and 100 mL of 
hydrochloric acid. Gently refiux the mixture for about 
10 hours, and add 150 g of lithium sulfate, 50 mL of water, 
and a few drops of bromine. Boil the mixture, without the 
tondenser, for about 15 minutes, or until the excess bro¬ 
mine is expel!ed, Cool, dilute with water to 1 L, and filter: 
the filtrate has no greenish tint* Before use, dilute 1 part of 
the filtrate with 1 part of water. When used for protein de- 
termination (Le*, Lowry assay), this reagent must be further 
diluted (1:5) with water. See Method 2 in Total Protein Assay 
under Biotechnoiogy-Derived Artkles—Total Protein Assay 
<105 7). 

Formaldehyde TS—Use Formaldehyde Solution (see in the 
section Reagents). 

Fuchsin-Pyrogalbl TS—Dissolve 100 mg of basie fuchsln in 
50 mL of water that previou$ly has been boiled for I 5 min¬ 
utes and ailowed to cool sllghtly. Cool, add 2 mL of a satu- 
rated solution of sodium bisulfite, mix, and allow to stand 
for not less than 3 hours* Add 0,9 mL of hydrochloric acid, 
mix, and allow to stand overnight. Add TOOmg of pyrogal- 
lol, shake until solution is effected, and dilute with water to 
100 mL* Storę in an amber-colored glass bottie in a refriger- 
ator. 

Fuchsln-Sulfurous Add TS—Dissofve 200 mg of basie fuch- 
sin in 120 mL of hot water, and allow the solution to cool. 
Add a solution of 2 g of anhydrous sodium sulfite in 20 mL 
of water, then add 2 ml of hydrochloric acid. Dilute the 
solution with water to 200 mL, and allow to stand for at 
least 1 hour* Prepare this solution fresh* 

Gastric Fluid, Simulated, TS—Dissolve 2*0 g of sodium 
chloride and 3.2 g of purified pepsin, that is derived from 
porcine stornach mucosa, with an activity of 800 to 2500 
units per mg of protein, in 7.0 mL of hydrochloric acid and 
sufficient water to make 1000 ml, [Notę—P epsin activity is 
described in the Food Chemicals Codex spedficattons under 
General Tests and Assays.j This test solution has a pH of 
about 1*2. 

Gelatln TS (for the assay of Corticotropin fnjection) —Dissolve 
340 g of acid-treated precursor gelatin (Type A) in water to 
make 1000 mL. Heat the solution in an autodave at 115° 
for 30 minutes after the exbaust linę temperaturę has 
reached 115°. Cool the solution, and add 10 g of phenol 
and 1000 mL of water. Storę in tight containers in a refrig- 
erator. 

Gladat Acetic Add TS—See Acetic Acid, Glacial, TS. 

Glucose Oxidase-Chromogen TS—A solution contaimng, 

In each mL, 0.5 pmol of 4 aminoantipyrine, 22.0 pmol of 
sodium p-hydroxybenzoate, not less than 7.0 units of glu¬ 
cose oxidase, and not less than 0.5 units of peroxidase, and 
buffered to a pH of 7.0 ± 0.1. 

Suitabilety: When used for determining glucose in Inulin, 
ascertain that no signlficant color results by reaction with 
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fmctose, and that a suitable absorbance-versus-coneentra- 
tion siope is obtalned with glucose. 

[Notę —Glucose oxidase can be Irom Aspergillus niger.] 

Glycerin Base TS—To 200 g of glycerjn add water to bring 
the total weight to 235 g* Add 140 mL of 1 H sodium hy- 
droxide and 50 mL of water. 

Gold Chloride TS—Di$solve 1 g of gold chloride in 35 ml 
of water 

0*001 N Hydrochlork Add TS—Transfer 1.0 ml of 1 N hy¬ 
drochlork: add VS to a IGOO-mt volumetric fiask and dilute 
with water to volume. 


Add the fol to win g; 

A 0.01 N Hydrochioric Add TS—Transfer 100 ml of O J N 
hydrochioric acid VS to a 1000-mL volumetric fiask. Dilute 
with water to volume. AWW 


Add the folhwtng: 

*0.025 N Hydrochioric Acid TS—Transfer 25 ml of 1 N hy- 
drochloric acid VS to a 1000-mL volumetric fiask, Dilute 
with water to volume. A u^a 


Add the fottowlng: 

*0,05 N Hydrochioric Add TS—Transfer 4,1 mL of hydro- 
chloric acid to a 1000-mL vofumetric fiask containing about 
500 mL of water. Cool and dilute with water to vo!ume. 

0*06 N Hydrochioric Add TS—Transfer 20.0 mL of 3 N hy¬ 
drochlork add TS to a 1000-mL volumetric fiask. Dilute 
with water to volume. 

0.36 N Hydrochioric Add TS—Transfer 120 ml of 3 N hy- 
drochloric acid TS to a 1000-ml volumetric fiask. Dilute 
with water to volume. 

2 N Hydrochioric Add TS—Transfer 1 7.0 mL of hydrochlo- 
ric add to a 100-mL volumetiic fiask containing about 

50 mL of water. Cool and dilute with water to voIume. 

3 N Hydrochlork Acid TS—Transfer 246 ml of hydroch oric 
acid to a 1000-mL volumetric fiask containing about 500 mL 
of water. Cool and dilute with water to volume. 

6 N Hydrochlork Add TS—Slowly transfer 49.8 ml of hy- 
drochloric add to a 100-mL volumetric fiask containing 
about 45 mL of water. Cool and dilute with water to vol- 
ume. 

Hydro gen Peroxfde TS—Use Hydrogen Peroxide Topical Soiu¬ 
tion (USP monograph). 

Hydrogen Sulfide TS—A saturated soiution of hydrogen 
sulfide, madę by passing H 2 S into cold water. Storę it in 
smali, dark amber-colored bottles, filled nearly to the top. It 
is unsuitable unless it possesses a strong odor of H^S, and 
unless Jt produces at once a copious predpitate of sulfur 
when added to an equal volume of ferric chloride TS. Storę 
in a cold, dark place. 

Hydroxyiamine Hydrochloride TS—Dissolve 3.5 g of hy- 
droxy!amine hydrochloride in 95 mL of 60% alcohof, and 
add 0.5 mL of bromophenol blue soiution (1 in 1000 of 
alcohol) and 0.5 N alcoholic potassium hyaroxide until a 


reenish tmt develops in the soiution. Then add 60% alco- 
ol to make 100 mL. 

8-Hydroxyquinoline TS—Dissolve 5 g of 8-hydroxy- 
quinofine in alcohol to make 100 mL, 

Indigo Carmine TS (Sodium Indigotindlsulfonate 75)—Dis* 
solve a quantity of sodium indigotindisulfonatą equivalent 
to 1 80 mg of C^HalsfeOitSOiNa)*, in water to make 100 ml. 
Use within 60 days, 

Indophenol-Acetate TS (for the assay of Corticotropin Injec - 
tion )—To 60 ml of standard dichlorophenolundophenol so¬ 
lu ti on (see in the sec tion Volumetrk Solutions) a da water to 
make 250 mL. Add to the resulting soiution an equal vol- 
ume of sodium acetate soiution freshly prepared by dissok- 
ing 13.66 g of anhydrous sodium acetate in water to make 
500 mL and adjusting with 0.5 N acetic acid to a pH of 7. 
Storę in a refrigerator, and use within 2 weeks. 

Intestinal Fluid, Simulated, TS—Dissolve 6,8 g of monoba- 
sic potassium phosphate in 250 mL of water, mix, and add 
77 mL of 0.2 N sodium hydroxide and 500 ml of water. 

Add lO.Og of pancreatin, mix, and adjust the resulting solu- 
tion with either 0.2 N sodium hydroxide or 0.2 N hydro- 
chloric acid to a pH of 6*8 ±0*1* Dilute wrth water to 
1000 mL 

lodine TS—Use 0 .1 N lodine (see in the sec tion Vo lu mętne 
Solutions )* 

lodine, Dlluted TS: Transfer 10,0 mL of 0.1 N lodine V$ to 
a 100-mL volumetric fiask, dilute with water to volume, and 
mix, 

lodine Monochloride TS—DIssofve 10 g of potassium io¬ 
dide and 6.44 g of potassium iodate in 75 mL of water in a 
glass-stopperecTContainer. Add 75 mL of hydrochioric acid 
and 5 mL of chloroform, and adjust to a faint iodine color 
{in the chloroform) by adding dilute potassium iodide or 
potassium iodate soiution. If much iodine is liberated, use a 
stronger soiution of potassium iodate than 0*01 M at first, 
making the finał adjustment with the 0.01 M potassium io¬ 
date* Storę in a dark place, and readjust fo a faint iodine 
color as necessary. 

lodine and Potassium Iodide TS 1—Dissolve 500 mg of io¬ 
dine and 1.5 g of potassium iodide in 25 mL of water. 

lodine and Potassium Iodide TS 2—Dissolve 12.7 g of io¬ 
dine and 20 g of potassium iodide in water, and dilute with 
water to 1000*0 ml. To 10.0 mL of this soiution, add 0.6 g 
of potassium iodide, and dilute with water to 100.0 mL. Pre- 
parę im media tely before use. 

lodine and Potassium Iodide TS 3—Dissolve 0,127 q of io¬ 
dine and 0,20 g of potassium iodide in water, and diTute 
wrth water to 10*0 mL. 

lodobromide TS—Dissolve 20 g of iodine monobromrde in 
glacial acetic acid to make 1000 mL, Storę in giass contain- 
ers, protected from light, 

Jodochloride T5—Dtssolve 16.5g of iodine monochloride in 
1000 mL of glacial acetic acid. 

lodoplatinate TS—Dissolve 300 mg of pfatinic chloride tn 
97 mL of water. Immediately prior to use, add 3*5 mL of 
potassium iodide TS, and mix, 

Iron-Phenol TS (Iron-Kober Reagent)— Dissolve 1 *054 g of 
ferrous ammonium sulfate in 20 mL of water, and ado 1 mL 
of sulfunc acid and 1 mL of 30percent hydrogen peroxide. 
Mix, lieat until effervescence ceases, and dilute with water 
to 50 mL* To 3 volumes of this soiution contained in a vofu* 
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metric fiask add sulfuric add, with eooling, to make 100 
volumes. Purify phenol by distiflation, discarding the first 
10% and the last 5%, eolłecting the distiJlate, with exdusion 
of moisture, in a dry, tared glass-stoppered fiask of about 
twke the volume of the phenol. Solioify the phenoi in an 
ice bath, breaking the top crnst with a glass rod to ensure 
complete erystaMization. Weigh the fiask and its contents, 
add to the phenol 1.13 times its weight of the iron-sulfuric 
acid solulion prepared as directed, insert the stopper in the 
fiask, and allow to stand, without eooling but with occa- 
sional mixing, until the phenol is liquefied. Shake the ma¬ 
turę vigorously until mixed, allow to stand in the dark for 
16 to 24 hours, and again weigh the fiask and its contents. 
To the mixture add 23.5% of its weight of a solution of 100 
volumes of sulfuric add in 110 volumes of water, mix, trans¬ 
fer to dry glass-stoppered bottles, and storę in the dark, 
protected from atmospheric molsture. Use with In 6 months, 
Dispense the reagent from a small-bore buret, arranged to 
exclude moisture, capable of delivering 1 mL in 30seconds 
or less, and having no lubricant, other than reagent, on its 
stopcock, Wlpe the buret tip with tissue before each addi- 
tion. 

Iron Salfcylate TS—Dissolve 500 mg of fenie ammonlum 
sulfate in 250 ml of water contaimng 10 mL of diluted sul¬ 
furic acid, and add water to make 500 mL To 100 mL of 
the resulttng solution add 50 ml of a LI5% solution of so¬ 
dium salicylate, 20 mL of diluted acetic add, and 80 mL of a 
13.6% solution of sodium acetatę, then add water to make 
500 mL. Storę in a well-closed Container. Protect from light 
Use within 2 weeks. 

Lanthanum Nitrate TS—Dissolve 5.0 g of lanthanum nitrate 
hexahydrate in 100 mL of water. 

Lead Acetate TS— Dissolve 9.5 g of elear, transparent erys- 
tals of lead acetate in recently bojled water to make 
100 mL. Storę in welhstoppered bottles. 

Lead Acetate TS, Akoholie—Dissolve 2 g of elear, transpar¬ 
ent crystals of lead acetate in alcohol to make 100 mL. Storę 
in tight containers. 

Lead Nitrate Stock Solution TS—Dissolve 159.8 mg of lead 
nitrate in 100 mL of water to which 1 mL of nitric acid has 
been added, then dilute with water to 1000 mL. Prepare 
and storę this solution In glass containers free from soluble 
lead salts. 

Lead Subacetate TS—Disso!ve 40.0 g of lead acetate in 
90 mL of carbon dioxide-free water. Adjust with 10 M so¬ 
dium hydroxide to a pH of 7.5, centrjfuge, and use the elear 
supernatant. It contains NLT 16.7% (w/w) and NMT 17.4% 
(w/w) of Pb in a form corresponding to the formula 
CaHuOioPbj. The solution remains elear when stored in a 
well-closed Container. 

Lead Subacetate TS, Diluted—Dilute 3.25 mL of lead 
subacetate TS with water, recently boiled and cooled, to 
make 100 mL Storę in smali, welLfilled, tight containers. 

Lrtmus TS—Digest 25 g of powdered litmus with Ehree suc- 
tessive 100-mL portions of boiling alcohol, continuing each 
extraction for about 1 hour. Filter, wash with alcohol, and 
discard the alcohol filtra te. Macerate the residue with about 
25 mL of coid water for 4 hours, fil ter, and discard the fil¬ 
tra te. Finally digest the residue with 125 ml of boiling water 
for 1 hour, cool, and filter. 

Locke-Ringer's Solution—See Locke-Ringer ł s TS. 

locke-Ringer's T5 (Locke-Ringer f s Solution) 


Sodium Chloride 

9.0 q 

Potassium Chloride 

o 

jh 

NJ 

D 

Caicfum Chloride 

0.24 o 

Maqnesium Cbforide 

0.2 q 

Sodium Bicarbonate 

0.5 Q 

trasę 

0.5 q 

Water, recently tftstJfled from a hard-glass 
fiask, a sufficient quantitv to make 

1000 mL 


Prepare fresh each day. The constituents (except the dex- 
trose and the sodium bicarbonate) may be madę up in 
stock Solutions and diluted as needed. 


Magnesia Mbcture TS—Dissolve 5.5 g of magnesium chlo- 
ride and 7 g of ammonium chloride in 65 mL of water, add 
35 mL of ammonia TS, set the mrxture aside for a few days 
in a well-stoppered bottle, and filter. If the solution is not 
perfectly elear, filter it before using, 

Magnesium Sulfate TS—Dissoh/e 12 g of crystals of magne¬ 
sium sulfate, selected for freedom from efflorescence, in 
water to make 100 mL. 

Malachite Creen TS—Dissolve 1 g of malachite green oxa- 
late in 100 ml of giacial acetic aad. 

Mai lory 1 s Stain—Dissolve 500 mg of water-soluble anilinę 
blue, 2 g of orange G, and 2 g or oxalic acid in 100 mL of 
water, 

Mayer's Reagent—See Mercurk-Potassium lodide TS. 

Mercuric Acetate TS—Dissolve 6.0 g of mercuric acetate in 
gladal acetic acid to make 100 mL. Storę in tight containers, 
protected from direct sunllght 

Mercuric-Ammonium Thiocyanate TS—Dissolve 30 g of 
ammonium thiotwanate and 27 g of mercuric chloride in 
water to make 1000 mL. 

Mercuric Rromide TS, Alcoholk—Dissolve 5 g of mercuric 
bromide in 100 mL of alcohol, empJoying gentle heat to 
facilitate solution. Storę In glass containers, protected from 
light. 

Mercuric Chloride TS—Dissolve 6.5 g of mercuric chloride 
in water to make 100 mL. 

Mercuric lodide T5 (Valser's Reagent )—Slowly add potas- 
sium iodide solution (1 in 10) to red mercuric iodide until 
almost alt of the Jatter is disso!ved, and filter off the extess. 

A solution containing 10 g of potassium iodide in lOOmL 
dissolves approximately 14 g of Hgb at 20°. 

Mercuric Nitrate TS—Dissofve 40 g of mercuric oxide (red 
or yeliow) in a mixture of 32 mL of nitric add and 15 mL of 
water. Storę In glass containers, protected from lighL 

Mercurk-Potassium lodide TS (Mayer's Reagent)— Dissolve 
1 .358 g of mercuric chloride in 60 mL of water. Dissolve 5 g 
of potassium iodide in 10 mL of water. Mix the two Solu¬ 
tions, and dilute with water to 100 mL. 

Mercurk-Potassium lodide TS, AJkaline (Nessler's Rea¬ 
gent )—Dissolve 143 g of sodium hydroxide in 700 mL of 
water. Dissolve 50 g of red mercuric iodide and 40 g of po¬ 
tassium iodide in 200 mL of water. Pour the iodide solution 
into the hydroxide solution, and dilute with water to 
1000 mL. Allow to settle, and use the elear supernatant. 

Mercuric Sulfate TS (Deniges' Reagent)— Mix 5 g of yeliow 
mercuric oxide with 40 mL of water, and whife.sUrnng 
slowly add 20 mL of sulfuric acid, then add another 40 mL 
of water, and stir until completely dlssolved. 


Redgenls 
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Mercuraus Nitrate TS—Dissolve 15 g of mercurous nitrate 
in a mixture of 90 mL of water and 10 mL of diluted nitric 
acid. Storę in dark, amber-colored bottles in which a smalf 
globule of mercury has been placed, 

Metaphenylenediajnine Hydrochloride TS—DIssofve 1 g of 
metaphenylenediamine hydrochloride in 200 ml of water. 
The solution must be coloriess when used. If necessary, de- 
colorize by heating with actiyated charcoal. 

Metaphosphoric-Acetic Acids TS—Dissolve 15 g of meta- 
phosphoric acid in 40 mL of glacial acetrc acid and sufficient 
water to make 500 mL Storę in a cold place, and use within 
2 days. 

Methoxyphenylacetic TS—Dissolve 2,7 g of methoxyphen- 
ylacetlc acid in 6 mL of Tetramethylammonium Hydroxide 75, 
and add 20 mL of dehydrated alcohol. Stare in a polyetnyh 
ene Container. 

Methyl Orange TS—Disso!ve 100 mg of methyl orange in 
100 mL of water, and fiiter if necessary. 

Methyl Purple TS—Use Methyl Red-Methylene Blue TS 

Methyl Red TS—Dissolve 100 mg of methyl red in lOOmL 
of alcohol, and fiiter if necessary. 

Methyl Red TS 2—To 1.86 mL of 0.1 M sodium hydroxide 
and 50 ml of alcohol, add 50 mg of methyl red, and dilute 
with water to 100 mL. 

Methyl Red TS, Methanolic—Dissolve 1 g of methyl red in 
100 mL of methanol, and fiiter, if necessary. Storę protected 
from light, and use within 21 days. 

Methyl Red-Methylene Blue TS—Add 10 mL of methyi red 
TS to 10 mL of methylene blue T5, and mix. 

Methyl Vio!et TS—Use Crystol Vhlet TS. 

Methyl Yellow TS; Prepare a solution containing 0.10 mg 
per mL in alcohol. 

Methyl Yellow-Methylene Blue TS—Dissolve 1 g of methyl 
yeltow and 100 mg of methylene blue in 125 ml of metha- 
noL 

3-MethyL2-benzothiazollnone Hydrazone Hydrochloride 
TS—Dissolve 0.1 g of 3-methyl-2-benzothiazolinone 
hydrazone hydrochloride monohydrate in 10 mL of water, 
dilute the resulting solution with methanol to 100 mL, and 
mrx. 

Methylene Blue TS—Dissolve 125 mg of methylene blue in 
100 mL of alcohol, and dilute with alcohol to 250 mL 

Methylthionine Perchlorate TS—To 500 mL of potassium 
perdiforate solution (1 in 1000) add dropwise, with con- 
stant shaking, methylene blue solution (1 in 100) until a 
slight, permanent turbidity results. Altów the precipitate to 
settle, decant the supematant Lhrough paper, and use only 
the elear solution. 

Milion's Reagent—To 2 mL of mercury in a conical fiask 
add 20 mL of nitric add, Shake the fiask under a hood to 
break up the mercury fnto smali globules. After about 
10 minutes, add 35 mL of water, and, if a precipitate or 
crystals appear, add sufficient dilute nitric acid (1 in 5, pre- 
pa red from nitric acid from which the oxides have been 
removed by blowing air through it until it is coloriess) to 
dissolve the separated solid. Add sodium hydroxide solution 
(1 in 10) dropwise, with thorough mixing, until thecurdy 
precipitate that forms after the addltlon of each drop no 
longer redIssolves but is dispersed to form a suspension. 


Add 5 mL morę of the dilute nitric acid, and mix. Prepare 
this solution fresh. 

Molybdo-phosphotung State TS (folin-Denis Reagent) —To 
about 350 mL of water eontamed in a round-bottom fiask 
add 50 g of sodium tungstate, 12 a of phosphomolybdfc 
acid, and 25 ml of phosphonc acid. Boil the mixture under 
a reflux condenser for 2 hours, then cool, dilute with water 
to 500 mL, and mix. Storę in tight containers, protected 
from light, and in a cold place. 

1-NaphthoI Reagent—D*sso1ve 1 g of 1-naphthol in 25 mL 
of methanol. Prepare this solution fresh. 

1- Naphthoi TS—Use 1-Naphthol Reagent 

2- Naphthol TS (Betanaphthol TSy~ Disso!ve 1 g of 2-naph- 
thol in 100 mL of sodium hydroxide solution (1 in 100). 

p-Naphthofbenzein TS—Dissolve 250 mg of p-naphthol- 
benzein in 100 mL of glacial aeetic acid. 

W-(1-Naphthyl)ethylenedramine Dihydrochlonde TS—Dis- 
soive 100 mg of N-(1-naphthyl)ethylenediamine dihydro- 
chloride in 100 mL of a mixture of 7 parts of acetone and 
3 parts of water. 

Nessler F s Reagent—See Mercuric-Potossium lodide 75, Alka- 
line. 

Neutral Red TS—Dissolve 100 mg of neutrai red in lOOmL 
of 50% alcohol. 

Nickel Standard Solution TS—Dissolve 4.78 g of nlckel (II) 
sulfate heptahydrate in water, and dilute with water to 
1000 mL Im media tely prior to use, dilute 10.0 mL of the 
solution so obtained with water to 1000 mL. Suitable nickel 
standard Solutions are also available commercially. 

Ninhydrin T5—Use Trike toh ydrin dene Hydra te TS . 

0.01 N Nitric Add TS—Transfer 10,0 mL of 1 N nitric acid 
TS to a 1000-mt volumetric fiask. Dilute with water to vol- 
ume. 

0.2 N Nitric Acid TS—Slowly transfer 12.7 mL of nitric acid 
to a 1000-mL volumetric fiask containing about 250 ml of 
water. Cool and dilute with water to volume. 

1 N Nitric Acid TS—Transfer 63.7 mL of nitric add to a 
1000-mL volumetric fiask containing about 250 mL of water. 
Cool and dilute with water to voiume. 

2 N Nitric Add TS—Transfer 12,74 mL of nitric acid slowly 
to a 100-mL volumetric fiask containing about 40 mL of 
water, Cool and dilute with water to volume. 

p-Nitroaniline TS—To 350 mg of p-nttroaniline add 1.5 mL 
of hydrachloric acid, and mix, Dilute with water to 50 mL, 
mix, and allow to settle. Place 5 mL of the elear supematant 
in a 100-mL volumetnc fiask, and Emmerse it in an ice bath. 
Whiie it is in the ice bath, add 1 mL of hydroch loric acid, 
then add, in smali portions, 2 mL of sodium nitrite solution 
(1 tn 100), dilute with water to volume, and mix. 

Nitrophenanthroline TS—Dissoh/e 150 mg of S-nftro-1,10- 
phenanthrolfne in 15 mL of freshly prepared ferrous sulfate 
solution (1 in 140). 

Oracet Blue B TS—A 1 in 200 solution of oracet blue B in 
glacial acetic acid, 

Orthophenanthroline TS—Drssolve 150 mg of 
orthophenanthroline in 10 mL of a solution of ferrous sul¬ 
fate, prepared by dissoJving 700 mg of ferrous sulfate in 
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100 ml of water. The ferrous sulfate solution must be pre- 
pared imrnediately before dissolvmg the orthophenan- 
throfine, Storę tn welbclosed containers, 

Oxalk Acid TS—Dissolve 63 g of oxafk acid in water to 
make 100 mL 

Palladium Chloride TS, Buffered—Weigh 500 mg of palla¬ 
dium chioride into a 250-mL beaker, add 5 mL of coneen- 
trated hydrochloric add, and warm the mixture on a steam 
bath. AcJd 200 mL of hot water in smali mcrements wlth 
continued heating until solution is complete, Transfer the 
solution to a 250-mL volumetric fiask, and diiute with water 
to volume, Transfer 50 mL to a 100-mL volumetric fiask, 

Add 10 mL of 1 M sodium aeetate and 9.6 mL of 1 H hy- 
drochloric acid. Diiute with water to volume t 

Perchforic Acid TS—Diiute 8,5 mL of perchlone acid with 
water to 100 mL. 

Phenol TS—Dissolve 1.2 g of phenol in alcohol to make 
10 mL Prepare weekly. 

Phenol Red TS (Phenotsulfonphthołein TS )—Dissolve 100 mg 
of phenolsulfonphthalein in TOOmL of alcohol, and filter tf 
necessary. 

pH 4.7 Phenol Red TS—Disso!ve 33 mg of phenolsulfon- 
phthaiein in 1,5 mL of 2 N sodium hydroxide solution, di- 
lute with water to 100 mL, and mix (Solution A). Dissolve 
25 mg of ammonium sulfate in 235 mL of water, add 
105 mL of 2 N sodium hydroxide solution and 135 mL of 
2 N acetic acid, and rmx (Solution BJ. Add 25 mL of Solution 
A to Solution B t and mix, If necessary, adjust the pH of thrs 
solution to 4.7. 

Phenoldisulfonk Acid TS—Dissolve 2.5 g of phenol in 
15 mL of sulfuric add in a fiask of suitable caparity. Add 
7,5 mL of fuming sulfuric acid, stir well, and heat at 100° 
for 2 hours, Transfer the product, while still fluid, to a gJass- 
stoppered bottle, and, wnen desired for use, warm in a 
water bath until liquefied. 

Phenolphthalein TS—Dissolve 1 g of phenolphthalein in 
100 mL of alcohol, 

Phenylhydrazine Acetale TS—'Dissolve 10 mL of phenylhy- 
drazine and 5 mL of gladal acetic add in water to make 
100 ml. 

Phenylhydrazine-Sulfuric Acid TS—Dissolve 65 mg of phe¬ 
nylhydrazine hydrochloride in 100 ml of a cooled mixture 
of equal volumes of sulfuric acid and water, 

Phloroglucinol TS—DissoIve 500 mg of phloroglucinol In 
25 mL of alcohol. Storę in tight containers, protected from 
light, 

Phosphatic Enzyme TS—Dissolve 5 g of phosphatic enzyme 
in water to make 50 mL, Prepare this solution fresh. 

Phosphomolybdrc Add TS—Dissolve 20 g of phosphomo- 
lybdic acid in alcohol to make 100 ml, Filter tne solution, 
and use only the elear filtrate. 


Add the Mlowing: 

*0.05 M Phosphork Acid TS—Transfer 3.4 ml of phos¬ 
phork add to a 1000-mL volumetric fiask containing about 
500 mL of water. Cool and diiute with water to vo!ume. 


Add the folio wing; 

*0.06 M Phosphork Add TS—Transfer 4.2 mL of phos¬ 
phork: acid to a volumetric fiask containing about 500 mL of 
water Cool and diiute with water to wlume.Łuiwi) 


Add the fotlowlng: 

*1 H Phosphork Acid TS—To a 1000-mL volumetric fiask 
containing about 800 mL of water, slowly add 22.8 ml of 
phosphoric acid. Cool and diiute with water to volume. A ^ P * B 

10% Phosphork Add TS—Transfer 7 mL of phosphork acid 
to a 100-mL yolumetric fiask containing about 50 mL of 
water. Cool and diiute with water to volume. 


Add the foltowłng: 

*20% Phosphoric Add TS—Transfer 14 mL of phosphoric 
add to a 100-mL volumetric fiask containing about 50 mL 
of water. Cool and diiute with water lo volum e.At/ww 

Phosphotungstic Acid TS—Dissolve 1 g of phosphotungstlc 
acid in water to make 100 mL, 

Pkrate TS, Alkaline—Mix 20 mL of trinltrophenol solution 
(1 in 100) with 10 ml of sodium hydroxide solution (1 tn 
20), diiute with water to 100 ml, and mix. Use within 2 
days, 

Picric Acid TS—See Tńnitrophenol TS . 

Platink Chloride TS—Dissolve 2,6 g of platinie chloride in 
water to make 20 mL. 

Platinum-Cobalt TS—Dissolve 1,246 g of potassium 
chloroplatinate (KjPtCIń) and 1.000 g of cobalt chloride 
(CoCh * 6H 2 0) in water, add 100 mL of hydrochloric add, 
and diiute wrth water to 1 L. 

Potassium Aeetate TS—Dissolve 10 g of potassium aeetate 
in water to make 100 ml, 

Potassium-Bismuth lodrde TS—Disso!ve 12.5q of tarta lic 
acid in 25 mL of water, then dissolve 1.06 g ofbEsmuth sub- 
nitrate in this mixture (Solution A). Dissolve 20 g of potas¬ 
sium iodide in 25 ml of water (Solution 8), Dissolve 100 g of 
tartaric acid in 450 mL of water (Solution C ). Add Solutions A 
and B to Solution C, and mtx, 

Potassium Carbonate TS—Dissolve 7 g of anhydrous potas¬ 
sium carbonate in water to make 100 mL, 

Potassium Chromate TS—Dissolve 10 g of potassium chro- 
mate in water to make 100 mL, 

Potassium Dkhromate TS—Dissolve 7.5 g of potassium 
dichromate in water to make 100 mL, 

Potassium Ferricyanide TS—Oissołve 1 g of potassium ferri- 
cyanide in 1 0 mL of water. Prepare this solution fresh, 

Potassium Ferrocyaoide TS—Dissolve 1 g of potassium fer- 
rocyanide in 10 mL of water. Prepare this solution fresh. 

Potassium Hydroxide TS—Df$soive 6.5 g of potassium hy- 
droxide in water to make 100 mL, 
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Add the fol łowing: 

A 1.8 N Potassium Hydroxide TS—DissoIve 101 g of potas- 
sium hydroxide in about 800 ml of water, Cool and dilute 
with water to 1000 ml.±usP 4 o 

2 N Potassium Hydroxide TS—Dissolve 112.2 g of potas* 
sium hydroxide in about 800 mL of water. Cool and dilute 
with water to 1000 mL. 


Add the folio wing; 

*45% Potassium Hydroxide TS—Transfer 53 g of potassium 
hydroxide to a 100-mL volumetric fiask. Dissolve in and di* 
lute with water to voiume.*^Mj 

Potassium Hydroxide TS, Aicoholk—Use 0.5 N Potassium 
Hydroxide , Aicoholk (see in the section Volumetnc Solutions). 

Potassium Hydroxide TS 2, Aicoholk—Dissolve 130 g of 
potassium hydroxide, with cooling, in 200 ml of water, Add 
alcohol to 1000 ml. Storę in a well-stoppered dark glass 
bottle. 

Potassium lodide TS—Dissolve 16.5 g of potassium iodide 
in water to make lOOmL. Storę in light-resistant contatners. 

20% Potassium lodide TS—Transfer 20 g of potassium io¬ 
dide to a 100-mL voiumetric fiask. Oissolve in and dilute 
with water to volume. 

Potassium lodide and Stareh TS: Dissolve 0.75 g of po- 
tassium iodide tn 100 ml of water. Heat to boiling, and 
add, with stirring, a solution of 0,5 g of soluble stareh in 
35 mL of water, Boi! for 2 minutes, and allow to cool. 
Sensitmty: Mix 15 ml in 0.05 mL of glacial aeetic add 
and 0.3 mL of diluted iodine TS: a blue color is produced. 

Potassium lodoplatinate TS—Dissolve 200 mg of platinic 
chloride in 2 ml of water, mix with 25 mL of potassium 
iodide solution (1 in 25), and add water to make 50 mL, 

Potassium Permanganate TS—Use 0.1 N Potassium Per- 
mangonote (see In the section Volumetric Solutions). 


Add the folio wlng; 

*0,02 M Monobask Potassium Phosphate TS—Transfer 
2.72 g of monobask potassium phosphate to a 1000-mt 
vo|umetric fiask. Dissolve in and dilute with water to voI- 
ume,*usNo 


Add the folio wing : 

A 0,2 M Dibasie Potassium Phosphate TS—Transfer 34.83 g 
of dibasie potassium phosphate to a 1000-mL volumetric 
fiask. Dissoive in and dilute with water to volume.AUjrm 

Potassium Pyroantimonate TS—Dissotve 2 g of potassium 
pyroantimonate in 85 mL of hot water. Cool guickly, and 
add 50 mL of a solution containing 50 mg/mL of potassium 
hydroxide in water and 1 mL of sodiurn hydroxide solution 
{8,5 in 100), Allow to stand for 24 h, filter, and dilute with 
water to 150 mL, 

Potassium Sulfate TS—Dissoive 1 g of potassium sulfate in 
water to make 100 mL. 


Potassium Thiocyanate TS: Dissolve 9.7 g of potassium 
thiocyanate in water to make 100 mL. 

Pyridine-Pyrazoione TS—To 100 mL of a saturated solution 
of T-phenyl-3-methyk2-pyrazofine-5-one add 20 mL of a 1 
in 1000 solution of 3,3'-aimethyJ-1,V-diphenyl-[4,4'-bi- 
2-pyrazoline]-5,5'-dione in pyridine. Storę in a dark bottle, 
and use within 3 days, 

Pyrogallol TS, Al kalinę—Dissolve 500 mg of pyrogalfol m 
2 mL of water. Dissolve 12 g of potassium hydroxide in 
8 mL of water. The Solutions should be freshiy prepared and 
mixed im media tely before use. 

Ouinaldfne Red TS—Dissolve 100 mg of gutnaldine red in 
100 mL of alcohol. 

Quinone TS— Dissolve 500 mg of p-benzoguinone in 2.5 mL 
of glacial acetic add, and dilute with alcohol to 50 mL, Pre- 
pare this solution fresh daily. 

Resorcinol TS—Dissoive 1 g of resorcinol in hydrochloric 
add to make 100 mL, 

Ruthenium Red TS—Dissoke 10 g of lead acetate in water, 
dilute with water to 100 mL, and add 80 mg of ruthenium 
red. The solution is wine-red in color. [Notę— If necessary, 
add addEtional ruthenium red to obtain a wine-red color,] 

Salinę TS—DIssolve 9.0 g of sodiurn chloride in water to 
make 1000 mL. 

[NOTĘ—Where pyrogenTree salinę TS is specified in this 
Pharmacopeia, salinę TS that has met the reguirements of 
the Pyrogen fest {151} is to be used,] 

Salinę TS, Pyrogen-Free—See Salinę TS. 

Schweitzer^ Reagent—See Cupric Oxide , Ammonbted ł TS. 

Silver-Ammonia-Nitrate TS—Di$$oIve 1 g of silver nitrate 
in 20 mL of water. Add ammonia TS, dropwise, with eon- 
stant stirring, until the precipitate is almost but not entirely 
dissolved. Filter, and storę in tight, light-resistant containers, 

5ifver~Anirnonium Nitrate TS—See Silyer-Ammonia-Nitrate 
TS. 

5ilver Diethyldithiocarbamate TS—Dissolve 1 g of silver 
diethyldithfocarbamate in 200 mL of pyridine from a freshiy 
opened bottle or that which has been recently distilled. 

Storę in light-resistant containers, and use within 30 days, 

Silver Nitrate TS—Use 0.1 N Silver Nitrate (see in the sec¬ 
tion Voiumetric Solutions). 

Simulated Castric Fluid TS—See C astric Fluid, Simulated, T5, 

Simulated Intestinal Fluid TS—See tntestinal Fiuid, Simu - 
fated, TS. 

Sodiurn Acetate TS—Dissolve 13.6 g of sodiurn acetate in 
water to make 100 mL. 

Sodiurn Alizarlnsulfonate TS—Dissolve 100 mg of sodiurn 
alizarinsulfonate in 100 mL of water, and filter. 

Sodiurn Aminoacetate TS (Sodiurn Glycinate TS) —Dissolve 
3.75 g of aminoacetic acid in about 500 mL of water, add 
2.1 g of sodiurn hydroxide, and dilute with water to 
1000 mL, Mix 9 mL of the resulting soiution with 1 mL of 
dilute glacial acetic add (1 in 300). This test solution has a 
pH between 10.4 and 10.5. 

Sodiurn Btsulfite TS—Dissoke 10 g of sodiurn bisuifite in 
water to make 30 mL. Prepare this solution fresh. 
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Sodium Bitartrate TS—Dissolve 1 g of sodium bitartrate in 
water to make 10 mL Prepare this solution fresh. 

Sodium Carbonate TS—Dissolve 10.6 g of anhydrous so- 
dium carbonate in water to make 100 mL 

Sodium Chloride TS, Alkafine—Dissolve 2 g of sodium hy- 
droxide in 100 mL of water, saturate the solution with so¬ 
dium chloride, and filter. 

Sodium Citrate T5—Dissolve 73.5 g of sodium dtrate dihy- 
drate in water to make 250 mL, 

Sodium Citrate TS, Alkaline—Dissolve 50 cj of sodium ut¬ 
ratę dihydrate and 2.5 g of sodium hydroxlde in water to 
make 250 mL 

Sodium Cobaltinitrite TS—Dissolve 10 g of sodium cobaf- 
tinitrite in water to make 50 mL, and fil ter if necessary. 

Sodium Fluoride TS—Dry about 500 mg of sodium fluor ide 
at 200 a for 4 hours. Accurately weigh 222 mg of the dried 
materiał, and dissolve in water to make 100.0 mL. Pipet 
10 ml of this solution into a 1-L volumetric fiask, and dilute 
with water to volume. Each mL of this solution corresponds 
to 0.01 mg of fluorine <F), 

Sodium Hydrosulfite TS, Alkaline—Dtsso!ve 25 g of potas- 
sium hydroxide in 35 mL of water, and 50 g of sodium hy¬ 
drosulfite in 250 mL of water When the test solution is re- 
quired, mfx 40 mL of the hydroxide solution with the 
250 mL of the hydrosulfite solution. Prepare this solution 
fresh. 

Sodium Hydroxide TS—Dissolve 4.0 g of sodium hydroxide 
in water to make 100 mL. 


Add the followłng: 

*0.0025 N Sodium Hydroxide TS—Transfer 12,5 mL of 0.2 
N sodium hydroxide TS to a 1000-mL vofumetric fiask. Di- 
lute with water to volume,AUi^o 


Add the folfawing: 

*0.02 N Sodium Hydroxide TS—Transfer 10 mL of 2 N so¬ 
dium hydroxide TS Lo a 1000-mL voiumetric fiask. Dilute 
with water to volume. At jjMo 

0.2 N Sodium Hydroxide TS—Transfer 10.0 mL of 2 N so¬ 
dium hydroxide TS to a 100-mL volumetric fiask and dilute 
with water to vołume. 


Add the folfowing: 

*2 N Sodium Hydroxtde TS—Dissolve 80 g of sodium hy- 
droxide in about 800 mL of water, Cool and dilute with 
water Lo 1000 mL. AE ;sp^ 


Add the foliowing: 

*2,5 N Sodium Hydroxide TS—Dissolve lOOg of sodium 
hydroxide in about 800 mL of water. Cool and dilute with 
water to 1000 mL. AŁ w«j 

5 N Sodium Hydroxide TS—Transfer 20 g of sodium hy- 
droxide to a 100-mL volumetnc fiask. DissoDe in about 
80 mL of water. Cool and dilute with water to volume. 


Add the foffowlng: 

*10 N Sodium Hydroxide TS—Transfer 400 q of sodium hy- 
droxide to a 1000-mL volumetric fiask, and dissolve in about 
800 mL of water, Cool and dilute with water to volume. 
Łumo 

Sodium Hydroxide TS 2—Transfer 8,5 g of sodium hydrox- 
ide to a 100-mL voiumetric fiask, and dissofve in and dilute 
with water to voiume. 

Sodium Hydroxide TS 3—Prepare a 420-mg/mL solution of 
sodium hydroxide in water, 

Sodium Hypobromite T$—To a solution of 20 g of sodium 
hydroxide in 75 mL of water add 5 ml of bromine. After 
solution has laken place, dilute with water to 100 mL. Pre¬ 
pare this solution fresh. 

Sodium Hypochlorite TS—Use Sodium Hypodilorite Solution 
(see in the section Reagent Spedfkations). 

Sodium lodohydroxyquinolinesulfonate TS—Disso!ve 8.8 g 
of iodohydroxyquinotine sulfonie add in 200 mL of water, 
and add 6.5 mL of 4 NI sodium hydroxide, Dilute with water 
to 250 mL, mrx, and fil ter. 

Sodlum Nitroferricyanide TS—Dissolve 1 g of sodium ni- 
troferrieyanide in water to make 20 mL. Prepare this solution 
fresh. 

Dlbasic Sodium Phosphate TS—Dtssolve 12 g of dibasic so¬ 
dium phosphate in water to make T00 mL. 

Sodium Phosphotungstate TS—To a solution of 20 g of so¬ 
dium tungstate In 100 mL of water add suffident phos- 
phoric add to impart a strongly add reaction to litmus, and 
nlter. When reguired for use, decant the elear solution from 
any sediment that may be present. Storę In tight, fight-resis- 
tant containers, 

Sodium Sulfide TS—Dissolve 1 g of sodium sulfide in water 
to make 10 mL. Prepare this solution fresh, 

Sodlum Tartrate TS—Dissolve 11.5 g of sodium tartrate in 
water to make 100 mL, 

Sodium Tetraphenylboron TS—Dissolve 1.2g of sodium 
letraphenylboron in water to make 200 mL. If necessary, stir 
for 5 minutes with t g of aluminum oxide, and filter to clar- 

\fy. 

Sodium Thioglycolate TS—Dissolve 1.5 g of sodium thiog- 
lycolate in 450 mL of water, and add 50 mL of alcohol. Use 
within 3 days. 

Sodium Thiosulfate TS—Use 0.1 N Sodium Thiosutfate (see 
in the section Volumetrk Solutions ). 

Standard Lead Solution TS: On the day of use, dilute 
10.0 mL of lead nrtrate stock solution TS with water to 
100,0 mL. Each mL of standard lead solution TS contalns 
the equivalent to 10 ^tg of lead. 

Stannous Chloride, Acid, TS—Dissolve 8 g of stannous 
chloride in 500 mL of hydrochfortc acid. Storę in glass con¬ 
tainers, and use within 3 months. 

Stannous Chloride, Add, Stronger, TS—Dissolve 40 g of 
stannous chloride in 1Q0 mL of hydrochioric acid. Storę in 
glass containers, and use within 3 months. 

Starch TS—Mix 1 g of soluble starch with 10 mg of red 
mercuric iodide and sufficient cold water to make a thin 
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pastę. Add 200 ml of boilrng water, and boil for 1 minutę 
with continuous stirring, Cool, and use only the elear solu- 
tion. [Notę—C ommercially avai labie, stabifized starch ind i- 
cator Solutions may be used, induding mercury-free Solu¬ 
tions preserved with other compouncfs such as salicylic 
add.] 

Starch, lodide-Free, TS—Mtx 1 g of soluble starch with suf- 
ficient cold water to make a thin pastę. While stirring, add 
lOOmL of boifing water, and allow to cool. Prepare this 
solution immediately before use. lodide-free starch TS shows 
a bJue cofor when 20 mL of potassium iodide solution (1 in 
400) and 0.05 mL of an iodtne-potassium iodide soluticn 
(prepared by dissoMng 127 mg of iodine and 800 mg of 
potassium iodide in water and diluting with water to 
100 mL) are added to 1 mL of the iodlde-free starch TS, 

Starch Iodide Pastę TS—Heat 100 mL of water in a 250-mL 
beaker to boiiing, add a solution of 0,75 g of potassium 
iodide in 5 mL of water, then add 2 g of zinc chloride dis- 
solved in 10 mL of water, and, while the solution is boiiing, 
add, with stirring, a smooth suspension of 5 g of soluble 
starch in 30 mL of cold water. Continue to boil for 2 min- 
utes, then cool. Storę in well-elosed containers in a cold 
place. 

Starch iodide pastę TS must show a definite blue streafc 
when a glass rod, dipped in a mixture of 1 mL of 0.1 U 
sodium nitrite, 500 mL of water, and 10 mL of hydrochloric 
add, is streaked on a smear of the pastę. 

Starch-Potassium Iodide TS—Dissolve 500 mg of potas¬ 
sium iodide in 100 ml of freshly prepared starch TS. Prepare 
this solution fresh, 

Stronger Cuprlc Acetate TS—See C upric Acetote T5, 
Stronger. 

Sudan III TS—Dissolve 0.05 g of Sudan III In 25 mL of alco- 
hol, with warming if necessary. Cool, add 25 mL of glycerin, 
and mix. Filter if undissolved materia) persists. 

Sudan IV TS—Dissolve 0.5 g of Sudan IV in chloroform to 
make 100 ml, 

Sulfanilic Acid TS—Dissolve 800 mg of sulfanilic add in 
100 ml of acetic acid. Storę in tight containers. 

Diazotized Sulfanilic Acid TS—DissoIve 0.9 g of sulfanilic 
add in 9 mL of hydrochionc acid with warming, and dilute 
with water to 100 mL. Cool 10 mL of this solution in iced 
water, and add 10 mL of a sodium nitrite solution (4.5 in 
1 00) previously cooled in iced water, Allow to stand at O 3 
for at least 15 minutes (the solution may be kept for 3 days 
at this temperaturę), Immediately before use, add 20 mL of 
sodium carbonate solution (1 in 10 ). 

Sulfanilic-1-Naphthylamine TS—Dissolve 500 mg of sulfan¬ 
ilic acid in 150 mL of acetic acid, Dissolve 100 mg of 
1-naphthylamine hydrochlortde in 150 mL of acetic acid, 
and mix the two Solutions, The pink color that may develop 
on standing can be removed by treatment with zinc. 

Sulfanilic-a-Naphthyiamrne TS—See Suffanilic-]-Nophthyl* 
aminę TS. 

Sulfomolybdic Acid TS—Dissolve, with the aid of heat, 

2.5 g of ammonium molybdate in 20 mL of water, add 
50 mL of 12 N sulfuric add, and di lute with water to 
lOOmL Storę this solution in a polyethylene Container. 

Suffuric Acid TS—Add a quantity of sulfuric acid of known 
concentration to sufffeient water to adjust the finał concen- 
tration to between 94.5% and 95,5% (w/w) of hhSCh, 
[Notę—S ince the add concentration may change upon 
standing or upon intermrttent use, the concentration should 


be checked freguently and Solutions assaying morę than 
95.5% or less than 94.5% discarded.] 


Add the foilowing: 

ł 1M Sulfuric Acid TS—Transfer 56.1 mL of sulfuric acid to 
a 1000-mL volumetric fiask containing about 500 mL of 
water. Cool and dilute with water to volume . A uswo 

0.02 N Sulfuric Acid TS—Transfer 2.9 mL of 7 N sulfuric 
acid TS to a 1000-mL voIumetric fiask and dilute with water 
to volume. 


Add the foilowing: 

* 0,2 N Sulfuric Add TS—Transfer 5.6 mL of sulfuric acid to 
a 1000-mL volumeLric fiask containing about 500 mL of 
water. Cool and dilute with water to voiume. A ^m 


Add the foilowing: 

*0,5 N Sulfuric Acid TS—-Transfer 14 ml of sulfuric add to 
a 1000-mL volumetric fiask containing about 500 ml of 
water. Cool and dilute with water to vo!uine. A ^M 


Add the foilowing: 

*2 N Sulfuric Acid TS—Transfer 56.2 mL of sulfuric acid to a 
1000-mL volumetric fiask containing about 500 mL of water. 
Cool and dilute with water to voiume . A ^ 0 

6 N Sulfuric Add TS—Siowly transfer 1 68.5 mL of sulfuric 
acid to a 1000-mL volumetrtc fiask containing about 500 mL 
of water. Cool and dilute with water to volume. 

7 N Sulfuric Acid TS—Slowly transfer 196.5 mL of sulfuric 
acid to a 1000-mL volumetnc fiask containing about 500 mL 
of water. Cool and dilute with water to volume. 

Sulfuric Add-Formaldehyde TS—Add 1 drop of formaIde- 
hyde TS to each mL of sulfuric acid, and max. Prepare this 
solution fresh, 

Tan nic Acid TS—DissoJve 1 g of tannic acid in 1 mL of alco- 
hol, and dilute with water to 10 mL. Prepare this solution 
fresh. 

Tartaric Acid TS—Dissolve 3 g of tartaric acid in water to 
make 10 ml. Prepare this solution fresh. 

Tetrabromophenolphthalein Ethyl Ester TS—Dissolve 
100 mg of tetrabromophenolphthalein ethyl ester in 90 mL 
of glacial acetic acid, and dilute with glaciai acetic acid to 
100 mL. Prepare this solution fresh. 


Add the foilowing: 

*0.02 M Tetrabutyfammonium Hydrogen Sulfate TS— 
Transfer 6.79 a of tetrabutylammonium hydrogen sulfate to 
a 1000-mL vofumetric fiask. Dissolve in and dilute with 
water to volume, A Łrsw 0 

Tetramethylammonium Hydroxtde TS—Use an aqueous 
solution containing, In eacn 100 mL, the equivafent of 10 g 
of anhydrous tetramethylammonium hydroxide. 
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Thioacetamide TS—Dissoke 4 g of thloacetamide in 
100 ml of water. 

ThioaceEarmde^Glycerin Base TS—Mix 0.2 mL of thioacet- 
amide TS and 1 mL of gSycerin base TS, and heat in a boil- 
ing water bath for 20 seconds. Use the m jxture im media tely. 

Thorium Nitrate TS—Dissolve 1 g of thorium nitrate in 
water to make 100 mL Filier, if necessary. 

Thymol Blue TS—Dissolve 100 mg of thymol blue in 
100 mL of alcohol, and fil ter if necessary* 

Thymalphthalein TS—Dissohre 100 mg of thymoiphthalein 
in 100 mL of alcohol, and filier if necessary. 

Titanium Trkhloride T5—Dissolve 15 g of titanium tiichfo- 
ride in 100 mL of 10% hydrochlonc acfd solution. 

Titanium Tnchlonde-Sulfuric Add TS—Mix carefully 20 mL 
of titanium trtchloride TS in 13 mL of sulfuric acid. Add suffi- 
cient 30% hydrogen peroxide to produce a yellow color. 
Heat until white fu mes are evolved, allow to cool, and dilute 
with water. Repeat the evaporation and addition of water 
until a colorless solution is obtained. Dilute with water to 
100 mL. 

p-Toluenesulfontc Acid TS—Dissofve 2 g of p~ 
toluenesulfonk: add in 10 mL of a mixture of 7 parts of ace- 
tonę and 3 parts of water. 

Trlketohydnndene Hydrate TS (Ninhydrin TS) —D1ssolve 
200 mg of triketohydrindene hydrate in water to make 
10 ml. Prepare this solution freski. 

Trinitrophenol TS (Picrk Add TS )—Dissolve the equivaient 
of 1 g of anhydrous trinitrophenol in lOOmL of hot water. 
Cool the solution, and filter if necessary. 

Triphenyltetrazolium Chloride TS—Dissolve 500 mg of 
triphenyltetrazolium chloride in dehydrated alcohol to make 
100 mL 

Xylenol Orange TS—Dissolve 1 00 mg of xylenol orange in 
100 mL of alcohol. 

Zinc Urany! Acetate TS—Dissolve 50 g of uranyf acetate in 
a mixture of 15 mL of glacial acetic acid and water to make 
500 mL. Then dissolve 150 g of zinc acetate in a mixture of 
15 mL of glacial acetic acid and water to make 500 mL, Mix 
the two Solutions, allow to stand overnight, and pass 
through a dry filter, If necessary. 

VOLUMETRIG SOLUTIONS 


1. DEFINITIONS 

U Normal Solutions: Normal Solutions are Solutions that 
contain 1 gram equivalent weight of the compound in 1 L 
of solution. 

N = equivalent/L 


N = weight (g)/equivalent weight (g) x L 

Normal Solutions and Solutions bearing a spedfic refation- 
ship to norma i Solutions, and used in voTumetric de termin a- 
tions, are destgnated as follows: 

1 N - normal 

2 N = double normal 
0.5 N - half-normal 
0.1 N = tenth-normal 


0.02 N = fiftieth normal 
0.01 N - hundredth-normal 
0.001 N = thousandth-normal 
1.2 Molar Solutions: Molar Solutions are Solutions that 
contain 1 gram-molecule of the compound in 1 L of 
solution. 

M s mol/L 


M - weight (g)/mol weight x L 

Solutions containing one-tenth of a gram-molecule of the 
compound in 1 L are designated tenth-molar, 0.1 M; and 
other molarities are similarly indicated. 

13 Correction faetor: It is frequently difficult to prepare 
standard Solutions of a desired tneoretical normality or mo¬ 
larity, and this is not essential. A solution of approximate!y 
the desired normality or molarity is prepared and standard- 
ized by titratlon against a standard. The correction faetor so 
obtained is used in all calculations where such Solutions are 
used. If necessary, the concentration of the solution may be 
adjusted to a given normality or molarity, by dilution or by 
addition of the appropriate reagent. 

The concentration of the volumetric solution does not dif~ 
fer from the prescribed one by morę than 10%, The correc¬ 
tion faetor is determrned by an appropriate number of repli- 
cates. The repeatability does not exceed 0.2% (reJative 
standard deviation). Tne correction faetor should be redeten 
mined frequently. 

1.4 Blank determinations: Where it is directed that "any 
necessary correction" be madę by a blank determination, 
the determination is to be conducted with the use of the 
same quantities of the same reagents treated in the same 
manner as the solution or mixture containing the portion of 
the substance under assay or test, but with the suostance 
itself omitted. 

2. PREPARATION AND STAN DARD 12 ATtON 

21 Scope 

When Solutions of a reagent are used in different concen- 
trations, the details of the preparation and standardization 
are usually given for the concentration most frequently re- 

uired. Stronger or weaker Solutions are prepared ancl stan- 

ardized in the same generał manner as described, using 
proportionate amounts of the reagent. 

2.2 Preparation by dilution 

It is possible in many instances to prepare lower concen- 
trations accurately by makina an exact dilution of a stronqer 
solution. 

Volumetric Solutions prepared by dilution should be 
restandardtzed as directed for the stronger solution, using 
proportionate amounts of reagents. 

Dilute Solutions that are not stable, as, for instance, potas- 
sium permanganate 0.01 N, are preferably prepared by ex- 
actly diluting the higher normality with thoroughiy boiled 
and cooled water on the same day they are reąuired for 
use. 

23 Standardization 

The foliowing directions glve onfy one method for stan¬ 
dardization, but other methods of standardization, capable 
of yielding at least the same degree of accuracy, may be 
used. 

The vatues obtained In the standardization of volumetric 
Solutions are valid for all Pharmacopeial uses of these Solu¬ 
tions, regardless of the instrumental or Chemical mdicators 
used in the individual monographs. 

Where the apparent normality or molarity of a titrant de- 
pends upon the special conditions of rts use, the indmdual 
monograph sets forth the directions for standardizing the 
reagent in the specified context. 

For those safts that usually are available as certified pri- 
mary standards or that are available as highly purified sałts 
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of prlmary standard qua!ity, it is permissible to prepare Solu¬ 
tions by accurately weighing a suitable quantity of the salt 
and dissolving it to produce a specific volume of solution of 
known concentration. Acetic, hydrochloric, and suffuric acids 
may be standardized against a sodium hydroxide solution 
that reeently has been standardized against a certified pri* 
mary standard, 

2.4 Temperaturę 

Alf volumetric Solutions, if prac tka ble, are to be prepa^ed, 
standardized, and used at the standard temperaturę of 25 

If a titration is carried out with the volumetric solution at 
a markedly different temperaturę, standardlze the volumetric 
solution used as the titrant at that different temperaturę, or 
make a suitable temperaturę correction. 


Change to read: 

*2 N Acetic Acid VS A mm e 2 H 4 O a , 60.05 120.10 g in 

1000 ml 

Add 116 ml of glacial acetk acid to sufficient water to 
make 1000 ml after cooling to room temperaturę. 


C hangę ta read: 

A 03 N Ammonium Thiocyanate VS a usp 4 o NhhSCN, 

76.12 7.612 g in 1000 ml 

Dissoive about 8 g of ammonium thiocyanate m 1000 ml 
of water. 

A Stand asdizat lON : avw 4 o Accurately measure about 30 ml of 
0.1 N sllver ni tratę VS into a glass-stoppered fiask Dilute 
with 50 mL of water, then add 2 mL of nitric acid and 
2 mL of ferric ammonium sulfate TS, and titrate with the 
ammonium thiocyanate solution to the first appearance of 
a red-brown colon 

N mL AgNQ 3 x N AgNQ 3 
mL NH 4 SCN Solution 

If desirable, OJ N ammonium thiocyanate may be re- 
placed by 0.1 N potassium thiocyanate where the farmer 
Is directed in vanous tests and assays. A [NOTE—If this volu- 
metric solution is used in a quafitative application such as 
pH adjustment, dissolution medium, or diluent, its stan- 
dardization is not requi red.] A y 5M 0 

Benzethonium Chloride, Two Hundred Fiftieth-Molar 
(0.004 M) C 2 ? H4 2 CIN0 2 448.08 
Dissolve 1.792 g of benzethonium chloride, previous!y 
dried at 100--105° to constant weight, in water to make 
1000 mL 

Calcu late the molarity of the solution from the eon tent of 
benzethonium chloride in the dried benzethonium chlor de 
determined as follows. Drssolve 0350 g of the dried 
benzethonium chloride in 30 mL of glacial acetic acid and 
add 6 mL of mercuric acetate TS. Titrate with OJ N perchlo- 
ric acid V5, using 0,05 mL of crystal violef T5 as an indica- 
tor. Carry out a olank titration. One mL of 0.1 N perchlorsc 
acid V5 is equivalent to 44.81 mg of benzethonium chloride 
(C 27 H 42 CINO 2 ). [Notę—T his solution is commerdally availa- 
ble ready to be used. Use a suitable grade.] 


C hangę to read: 

A 0.01 M Bismuth Nitrate VS Ai/ w* Bi(N0 3 )i - 5hbO,485.07 
1000 mL of this solution contains 4.851 g of bismuth nitrate 
pentahydrate 


Dissolve 4.86 g of bismuth nitrate pentahydrate in 60 mL 
of diluted nitric acid, and add 0.01 N nitric acid to make 
1000 mL 

a STANDARDIZATION : a ^0 Accurately measure 25 mL of the 
prepared bismuth nitrate solution, add 50 mL of water and 
1 drop of xyfenol orange TS, and titrate the solution with 
0.01 M edetate disodium VS until the red color changes to 
yellow. Calculate the molarity factor. a [Note—I f this volu- 
me tri c solution is used in a quaiitative application such as 
pH adjustment, dissolution medium, or diluent, its stan- 
dardization is not required.] A tJ 5 HCf 


Change to read: 

A 0J N Bromine VS A fMfMaBr, 79.90 7.990 g in lOOOrnL 
Dissolve 3 g of potassium bromate and 15 g of potassium 
bromide in water to make 1000 mL. 
a StandaroizatioN: a ^^ Accurately measure about 25 mL of 
the solution into a SOCLmL iodine fiask, and dilute with 
120 mL of water. Add 5 mL of hydrochloric acid, insert the 
stopper in the fiask, and shake it gently. Then add 5 mL of 
potassium iodide TS, again insert the stopper, shake the 
mixture, allow it to stand for 5 min, and titrate the fiber- 
ated iodine with OJ N sodium thiosulfate V5, adding 3 mL 
of starch TS as the endpolnt is approached, 

Preserve in dark amber-colored, glass-stoppered bottles. 

N _ mL Na 2 S 2 0 3 xNNa 2 S 2 0 3 
mL Br 2 Solution 

*[Note—I f this volumetric solution is used tn a qua)itative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] A twjo 


Change to read: 

*0.05 N Ceric Ammonium Nitrate VS A u &40 Ce{NOj)^ ■ 
2 NH 4 NO 3 , 548.22 2,741 g in 100 mL 
Dissolve 2.75 g of ceric ammonium nitrate in 1 N nitric 
acid to obtain 100 mL of solution, and filter. 
*5TANDARDiZATiONrAi;^ Accurately measure 10 mL of 
freshly standardized 0.1 N ferrous ammonium sulfate V5 
into a fiask, and dilute with water to about 100 mL, Add 1 
drop of nitrophenanthrołine TS, and titrate with the ceric 
ammonium nitrate solution to a cotorless endpoint. 

mL Fe(NH 4 ) 2 (SOJ 2 x N Fe(NH,) 2 (SQ 4 ) 2 

mL CefNOj),, ■ 2NH 4 N0 3 

A [NOT£—If this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] A ^p 4 D 


Change to read: 

A Q.l N Ceric Sulfate V5 AUSN0 Ce(SO,> 2 , 332.24 33.22 gin 
1000 mL 

Use commerdally avai!ab!e volumetric standard solution. 
a $tandardizatiom:aujw Accurately weigh about 0.2 g of 
sodium oxafate, primary standard, dried according to the 
rnstructions on its label, and dissolve in 75 mL of water. 
Add, with stirring, 2 mL of sulfuric acid that has previously 
been mixed with 5 mL of water, mix well, add 10 mL of 
hydrochloric acid, and heat to between 70 a and 75°, Ti¬ 
trate with OJ N ceric sulfate to a permanent slight yellow 






USP 40 


Solutions / Vo!umetric Solutions 2425 


color. Each 6.700 mg of sodium oxalate is equivalent to 
1 mL of 0.1 N ceric sutfate. 

N = _ mg Na 2 C 2 Q, _ 

67,00 x mL Ce(S0 4 )2 solution 

*[Ngte—I f this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not requlredjAtwwi 


C hangę ta read: 

*0.1 N Cupric Nitrate VS jŁUIP ^Cu(NO^ - 2.5 H 2 Q, 

232.59 23.26 g in 1 000 mL Cu(NOi)* - 3H*0, 

241.60 24.16 g in 1000 mL 

Dissolve 23.3 g of cupric nitrate 2.5 hydra te, or 24.2 g of 

the trihydrate, in water to make 1000 mL. 

*Standardization ; ausno Transfer 20.0 mL of the solution to 
a 250-mL beaker. Add 2 mL of 5 M sodium nitrate, 20 mL 
of ammonium acetale TS, and sufficient water to make 
100 mL. Titrate with 0.05 M edetate disodium VS. Deter- 
minę the endpoint potentiometrically using a cupric ion- 
double junction reference electrode system. Perform a 
blank determination, and make any necessary correction. 

w _ tnL edetate disodium (corrected for the blank) x M edetate disodtum 

20,0 

*[NOTE—If this volumetric solution is used tn a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not reguired.Uu^ 


Change to read: 

Cupric Tartrate, Alkaline, Solution (Fehlmg's Solution) 
Copper SOLUTION (SOLUTION A): Transfer 34,639 g of cu¬ 
pric sulfate to a 500-mL volumetrrc fiask, and dtssolve in 
and dilute with water to volume. Fitter, if necessary, 
Alkaline tartrate solution (Solution B): Transfer 173 g 
of potassium sodium tartrate and 50 g of sodium hydrox- 
ide to a 500-mL vo3umetric fiask, and dissolve in and dilute 
with water to volume, Filter, if necessary. 

Just before use, prepare Cupric Tartrate, Alkaline, Solution 
by mi* Ing equal volumes of 5o/uf/or? A and Solution 6. 
*STANDARDIZATION AW fi 

Standard stock solution: Transfer 9,5 g of Sucrose to a 
1-L volumetric fiask, dissolve in 100 mL of water, add 
5 mL of hydrachlorie add, and storę for 3 days at 
20*-25°. Dilute with water to vo!ume, This solution is 
stable for several months. 

Invert sugar solution! Immediately before use in stan- 
dardizing the Cupric Tartrate , Aikatine, Solution , transfer 
25 mL of Standard stock sofution to a 100-mL volumetric 
fiask, and dilute with water to volume. 

Procedurę 

Apparatus: Mount a ring support on a ring stand 1-2 
incnes above a gas bu mer, and mount a second ring 
6-7 inches above the first Place 6-inch open-wire 
auze on the lower ring to support a 400-mL conicaj 
ask, and place a 4-incn watcn glass with a center hole 
on the upper ring to defiect heat. Attach a 50-mL buret 
to the ring stand so that the tfp just passes through the 
watch glass centered above the fiask. Place an indirectly 
fighted white surface behlnd the assembly for observing 
the endpoint. 

Standardization: Transfer 20.0 mL of the Cupric Tar - 
tratę, Aikatine, Solution to a 400-mL fiask eontaining a 


few boEIEng chips, and add 15 mL of water and 39.0 ml 
of lnvert sugar solution . Mix by swirl i ng at ambient tem¬ 
peraturę, and immediately place the fiask on the wire 
auze of the Apparatus . Ad just the burner so that the 
oiling point of the solution is reached in about 2 min. 
Boil gently but steadily for 2 min. As boiling continues, 
add 3-4 drops of metnylene blue solution (1 in 100). 
Complete the titration within 1 min by adding the In - 
vert sugar solution dropwise until the blue color dlsap- 
pears, AHow a 5-s reaction time between drops at the 
end of titration. Adjust the Cupric Tartrate, Alkaline, Solu¬ 
tion for the correct amount of copper {equrvalent to 
100 mg of invert sugar), and restandardize if the total 
volume of tnvert sugar solution is morę or less than 
40,0 mL 

*[Note—I f this volumetric solution is used in a quali- 
tative application such as pH adjustment, dissolution 
medium, or diluent, its standaroization is not 
reguired.j*^™ 


Change to read: 

Standard DkhlorophenoWndophenol Solution 
To 50 mg of 2,6-dichlorophenol-indophenol sodium that 
has been stored In a desiccator over soda fi me add 50 mL of 
water containtng 42 mg of sodium bicarbonate, shake vigor- 
ously, and when the dye is dissoh/ed, add water to make 
200 mL. Filter into an amber, glass-stoppered bottle. Use 
within 3 days and standardize immediately before use. 
a 5tandardization;*ł;swo Accurately weigh 50 mg of USP As- 
torbie Acid RS, and transfer to a glass-stoppered, 50-mL 
volumetric fiask with the aid of a sufficient volume of 
metaphosphoric-acetic aclds TS to make 50 mL. Immedi* 
ately transfer 2 mL of the ascorbic add solution to a 50-mL 
conical ffask containing 5 mL of the metaphosphoric-acetic 
adds TS, and titrate rapidly with the dichlorophe- 
noMndophenol solution until a distinct rose-pink color 
perslsts for at least 5 s. Perform a blank titration by titrat- 
mg 7 mL of the metaphosphoric-acetic acids TS plus a vol- 
ume of water equaf to the volume of the dichlorophenol 
solution used in titrating the ascorbic acid solution, Express 
the concentration of the standard solution in terms of its 
equrvalent in mg of ascorbic acid, *[NOTE—If this volumet- 
ric solution is used in a qualitative application such as pH 
adjustment, dissolution medium, or diluent, its standardi¬ 
zation is not required,] A ^£j 


Change to read: 

*0.05 M Edetate Disodium V5At/iNoCioHMNzNazO B ■ 2hbO, 
372.24 18.61 g in 1000 mL 
Dissofve 18,6 g of edetate disodium in water to make 
1000 mL. 

* Standardization: A Ł/i, D J£i Accurately weigh about 200 mg of 
chelometric standard calcium carbonate, prevrously dried 
according to the labef instructions or, if tnis information is 
not available, at 110° for 2 h, transfer to a 400-mL beaker, 
add 10 mL of water, and swirl to form a slurry. Cover the 
beaker with a watch glass, and introduce 2 mL of diluted 
hydrochloric add frorn a pipet inserted between the lip of 
the beaker and the edge of the watch glass, Swirl the con- 
tents of the beaker to dissolve the calcium carbonate. 

Wash down the sides of the beaker, the outer surface of 
the pipet, and the watch glass with water, and dilute with 
water to about 100 mL. While stirring the solution, prefera- 
bly with a magnetic stirrer, add about 30 ml of the ede¬ 
tate disodium solution from a 50-mL buret. Add 15 mL of 
sodium hydroxide TS and 300 mg of hydroxy naphthol 


Reagents 





Reagents 
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blue, and continue the titration with the edetate disodium 
solution to a blue endpoint, 

(g CaCQ 3 ){1Q00) 

100.09 x mL EDTA 

a [Note—! f this yolumetric solution is used in a qua!itative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not requtred*] A <,^ 


Change to read: 

*0*1 M Edetate Disodium ySAus^CjcHHN^NaiOe 2HiO 
372,24 37,22 g in 1000 mL 
Dissolye 37.22 g of edetate disodium In water to make 
1000 mL. 

* Standardization: Accurately weigh about 400 mg of 

chelometric standard eaidum carbonate, previously dried 
at 110° for 2 h and cooled in a desiceator, or dried at- 
cording to the label instructions, transfer to a 400-mL 
beaker, add 10 mL of water, and swirl to form a siurry. 
Cover the beaker with a watch glass, and introduce 4 mL 
of diluted hydrochloric acid from a pipet inserted between 
the fip of the beaker and the edge of the watch glass. 
Swirl the contents of the beaker to dissolye the calcium 
carbonate. Wash down the sides of the beaker, the outer 
surface of the pipet, and the watch glass with water, and 
dilute with water to about 200 mL, Whiie stirring the solu¬ 
tion, preferably with a magnetic stirrer, add about 30 mL 
of the edetate disodium solution from a 50-ml buret. Ad- 
just the solution to a pH of 12-13 with sodium hydroxide 
TS, add 300 mg of hydroxy naphthol blue, and continue 
the titration with the edetate disodium solution to a bfue 
endpoint* 

M (g CaCOJCIOOO) 

100.09 x mL EDTA 

*[Note— ff this yolumetric solution is used in a qualiŁa¬ 
twe application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.] Aij yNf<j 


Change to read: 

*0.1 N Ferric Ammonium Sulfate VS A i/ 5 wo FeNH 4 (SO^) 2 ■ 

12H 2 0, 482.19 48.22 g in 1000 mL 
Dissolye 50 g of fenie ammonium sulfate in a mixture of 
300 mL of water and 6 mL of sulfuric acid, dilute with water 
to 1000 mL, and mix, 

A 5TANDARDlZATiON; At/ y^ 0 Accurately measure about 40 nL of 
the solution into a glass-stoppered fiask, add 5 ml of hy¬ 
drach lorie acid, mix, and add a solution of 3 g of potas- 
sium iodide In 10 mL of water. Insert the stopper, allow to 
stand for 10 min, and then tiIrate the liberated iodine with 
0,1 N sodium thiosulfate VS, adding 3 mL of starch TS as 
the endpoint is approached. Correct for a blank run on the 
same guantities of the same reagents. 

Storę i n tight containers, protected from light. 

^ _ niL x N N3 2 S Z 0 3 

mL FeNH 4 {S0 4 } 2 

*[NorE™|f this volumetric solution ts used in a qualitative 
application such as pH adjustment, dissolution mediun, or 
diluent, its standardization is not required.] A y 5 r^ 


Change to read: 

*0*1 N Ferrous Ammonium Sulfate VS A mp-ło 
Fe(NH0 2 (SO 4 ) 2 ■ óhbO, 392*14 39.21 g in 1000 mL 
Dissolye 40 g of ferrous ammonium sulfate in a preyiously 
cooled mixture of 40 mL of sulfuric acid and 200 mL of 
water, dilute with water to 1 000 ml, and mix. 
^Standardization (carried out on the day of use)UujmAc- 
curately measure 25-30 mL of the solution into a fiask, 
add 2 drops of orthophenanthroline TS, and Citrate with 
0,1 N cerie sulfate VS until the red color is changed to 
pale blue. 

N _ mL Ce iv x N Ce łV 
mL Fe tJ Soiution 

*[NOTE—If this yolumetric solution is used in a qualitatjve 
application such as pl-l adjustment, dissolution medium, or 
diluent, its sLandardization is not required.] AŁ wM 0 

0*07 N Ferrous Ammonium Sulfate VS Fe(NH 4 ) 2 (SO.i) 2 * 
6H 2 G, 392*14 27*5 gin 1000 mL 
In a 100-mL yolumetric fiask, dissolve 27.5 g of ferrous 
ammonium sulfate in 500 mL of water. Add 20 mL of sulfu- 
ric acid. Cool and dilute with water to yolume. 

Standardize this solution on the day of use as follows* 
Dilute 25 ml of 0*025 N potassium oichromate VS with 
water to 100 mL. Add 30 mL of sulfuric add and cool to 
room temperaturę. Add 3 drops of ferrom TS and titrate 
with 0.07 N ferrous ammonium sulfate V5* The color 
change is sharp, going from blue-green to reddish brown. 

ml K-jCnO* x NK/TnO- 
mLFeCNHJ.SCy, 


Add the Folio wing: 

*0.02 N Hydrochloric Acid V5 HCI P 36.46 729*2 mg in 
1000 ml 

Transfer 1,6 mL of hydrochloric acid to a lOOGmnL yolu¬ 
metric fiask eonlaining about 250 mL of water. Cool and 
dilute to vo!ume with water 

Altematively, dilute 20 mL of 1 N hydrochloric acid VS to 
1000 mL with water. 

Standardization: Accurately weigh about 50 mg of 
tromethamine, dried according to the label instructions or, 
if this information is not avaifaT>le, dried at 105° for 3 h, 
and dissolye in 50 mL of water. Determine the endpoint 
potentiometncally. Each 2.4228 mg of tromethamine is 
equivalent to 1 mL of 0,02 N hydrochloric acid. 

mg tromethamine 

" 12114 x mLHCI 

[NoiE—lf this yolumetric solution is used in a qualitalive 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not reguired] 

AUSN0 


Add the followmg: 

*0.1 N Hydrochloric Acid VS HCI, 36,46 3.646 g in 
1000 mL 

Dilute 8.5 mL of hydrochloric acid with water to 1000 mL, 
Standardization: Accurately weigh about 2,5 g of 
tromethamine, dried according to the label instructions or, 
if this information is not ayailaole, dried at 105° for 3 h. 
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Dissolve in 50 mL of water, and add 2 drops of bromo- 
cresol green TS. Titrate with 0.1 N hydrochloric acid to a 
pale yeliow endpoint. Each 12,114 mg of tromethamine is 
equivalent Lo 1 mL of 04 N hydrochfonc add. 

^ _ mg tromethamine 
" 121.14 xmLHCT 

[Notę—I f this yolumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardtzatfon is not reguired,]*^^ 


Change to read: 

±0.5 N Hydrochloric Add VSaiWHCI, 36.46 18.23 g in 
1000 mL 

To a 1 000-mL yolumetric fiask contalning 40 ml of water 
slowly add 43 mL of hydrochloric add. Cool, and add water 
to volume. 

±Standaroization:al^ Accuratefy weigh about 2.5 g of 
tromethamine, dried according to thelabel instructions or, 
if this Information is not ayailaołe, dried at 105° for 3 h. 
Dissofve in 50 mL of water, and add 2 drops of bromo- 
cresol green TS. Titrate with 0,5 N hydrochloric add to a 
pale yeliow endpoint, Each 60.57 mg of tromethamine is 
equivalent to 1 mL of 0.5 N hydrochloric acid. 

^ __ mg tromethamine 

“ 121.14 x mLHCf 

±[NoiE’“lf this yolumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardizatton is not required.jALr 5 p .10 


Change to read: 

±1 N Hydrochloric Acid VS A ^hC\ t 36.46 36.46 g In 
1000 ml 

Dilute 85 mL of hydrochloric acid with water to 1000 mL, 
±5TANDARDiZATiON:Awr^ Accurately weigh about 5,0 g of 
tromethamine, dried according to thelabel instructions on 
if this Information is not availabie, dried at 105° for 3 h, 
Dissolye in 50 mL of water, and add 2 drops of bromo- 
cresol green T5. Titrate with 1 N hydrochloric acid to a 
pale yeliow endpoint. Each 121.14 mg of tromethamine is 
equivalent to 1 mL of 1 N hydrochloric acid. 

^ _ mg tromethamine 
” 121.14 xmLHCI 

±[NOTl—ff this volumetrk solution is used in a qualttalive 
application such as pH adjustment, dissolution medium, or 
diluent, its standardizatton is not required,]Atw#a 


Change to read: 

±0.1 M Alcoholic Hydrochloric Acid V5Ar^oHCI, 36.46 
Dilute 9.0 mL of hydrochloric acid to 1 000 mL with aide- 
hyde-free alcohol. 


Change to read: 

±0.5 N Hydrochloric Acid in Methanol V5 ai/smo HCI, 36.46 
18.23 g in 1000 mL 


To a 1000-mL yolumetric fiask containing 40 mL of water 
sfowly add 43 mL of hydrochloric acid. Cool, and add meth¬ 
anol to volume. 

±Standardization:awp^ Accurateiy weigh about 2,5 g of 
tromethamine, dried according to thelabel instructions or, 
if this Information is not avaIlaole, dried at 105° for 3 h. 
±Dissolve in 50 mL of water and add 2 drops of bromo- 
cresol green T$, Titrate with 0.5 N hydrochloric acid in 
methanol to a pale yeliow endpoint Each 60,57 mg of 
tromethamine js equiva!ent to 1 mL of 0.5 N hydrochloric 
add in methanol,Atwa 

N mg tromethamine 
” 121.14 x mL HC1 

±[Note—I f this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, Its standardizatlon is not reguired.jA^a 


Change to read: 

±0,01 N lodine VSI, 126.90 1,269 g in 1000 mL 
Dissolve about 1 .4 g of lodine in a solution of 3.6 g of 
potasslum lodide in 100 mL of water, add 3 drops or hydro¬ 
chloric acid, and dilute with water to 1000 mL. 
±STANDARDiZATiON:Auęp^Transfer 100.0 mL of iodine solu¬ 
tion to a 250-mL fiask, add 1 mL of 1 N hydrochloric acid, 
swirl gently to mix, and titrate with 0,1 N sodlum thiosul- 
fate V5 until the solution has a pale yeliow coior, Add 
2 mL of starch TS, and continue titrating until the solution 
Is colorless. 

Preserve in amber-colored, glass-stoppered bottles. 

N _ mL Na 2 S 2 Q 3 x N Na 2 S 2 0 3 
100 " 

±[Note —If this yolumetric solution is used in a qualifa- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardizatlon is not rfcguired.jA^G 


Change to read : 

±0.05 N lodine l 126,90 6,33 g in 1000 mL 

Dissolve about 6,5 g of iodine in a solution of 18 g of 
potassium todidein 100 mL of water, add 3 drops of hydro¬ 
chloric add, and dilute with water to 1000 mL. 
±STANDARD!ZATION:awp^T ransfer 50.0 ml of the iodine solu¬ 
tion to a 250-mL fiask, dilute with water to 100 mL, add 
1 mL of 1 N hydrochloric add, swirl gently to mix, and 
titrate with 0.1 N sodium thiosulfate V5 untiUhe solution 
has a pale yeliow color, Add 2 mL of starch TS, and con¬ 
tinue titrating until the solution is colorless. 

_ mL Na 2 S 2 0 3 x H Na 2 S 2 0 3 
50 

±[Note— if this yolumetric solution is used in a gualita* 
tlve application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardizatton is not required.]Ai/jMu 


Change to read : 

± 0.1 N lodine VS A i isp 4 oI 126,90 12.69 g in 1000 mL 
Dissolve about 14 g of lodine in a solution of 36 g of po¬ 
tassium iodide in 100 ml of water, add 3 drops of hydro¬ 
chloric acid, and dilute with water to 1000 mL 


Reagents 
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A Stanoardization:a^o Transfer 25,0 mL of the iodme solu- 
tion to a 250-mL fiask, dilute with water to 100 mL, add 
1 mL of 1 N hydrochloric add, swirl gently to mix, and 
Utratę with 0.1 N sodium thiosulfate VS until the solution 
has a pale yeilow calor. Add 2 ml of starch TS and con- 
tinue titrating until the solution is colorless. 

Preserve in amber-colored, glass-stoppered boftles. 

^ _ ml Na 2 S 2 0 3 x N Na 2 S 2 0 3 
“ 25 ” 

a [Note— If this volumetric solution is used in a qualitabve 
application such as pH adjustment, dissolution medium, or 
diluenl, its standardization is not required, 3* *^40 


Change to read: 

A 0.01 M Lead Nitrate VSausmo Pb (N0 3 ) 2 , 331.21 3.312 g 
in 1000 mL 

Xylenol Orange Triturate: Triturate 1 part of xylenol or- 
ange with 99 parts of potassium nitrate. 

0.1 M Lead Nitrate: Dissolve 33 g of lead nitrate in 
1000 mL of water. 

a 5tandardizatton: ał /sp4gTo 20,0 mL of the lead nitrate sofu- 
tion add 300 mL of water, Add about 50 mg of Xyleno! 
Orange Triturate , and add methenamine until the solution 
becomes violet-pink. Tltrate with 0.1 M edetate disodium 
V5 to the yeilow endpoint. Caiculate the molarity, 

Dilute 50,0 ml. of 0, / M Lead Nitrate to 500,0 mL with 
water. 

*[NOTE—If this volumetric solution is used in a qua!ila- 
t!ve application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization Is not required.] A ^o 


Change to read: 

A 0.G1 M Lead Perchlorate VS A i/i no PbfCIO^ 406.10 
Accurately pipet 100 mL of commercially availabte 0.1 M 
lead perchlorate solution into a 1000-mL yolumetric fiask, 
A and dilute with water to yolume. 

ST andardization: AUW u Accurately pipet 50 ml of 0.01 M 
lead perchlorate solution *ausp 4 o into a 250-mL conical 
fiask. Add 3 ml of agueous hexamethylenetetramine solu¬ 
tion (2.0 g per 100 mL) and 4 drops of 0.5% xylenol or¬ 
ange indicator prepared by adding 500 mg of xylenol or¬ 
ange to 10 ml of alcohol and diluting with water to 
100 mL. *au 5 P 4 o Titrate with 0.05 M edetate disodium VS 
to a yeilow endpoint 

.. mL edetate disodium x M edetate disodium 


a [Note—I f this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization rs not required.j A ^ 0 


Change to read: 

*0.1 M Lead Perchlorate VS A ^JPb(aO A )z - 3H 2 0, 460.15 
46.01 g In 1000 mL 

Dissolye 46 g of lead perchlorate in water, and dilute with 
water to 1000.0 mL, 

A Standardization:*^^ Accurately weigh about 150 mg of 
sodium suifate, prevtousiy dried at 105° for 4 h, and dis- 
solve in 50 mL of water, Add 50 mL of a mixture of water 
and formaldehyde (1:1), and stir for about 1 min. Deter- 
mine the endpoint potentiometrically using a lead lon se- 


lective electrode. Perform a bfank determlnation, and make 
any necessary corrections. Each 14.204 mg of sodium sui¬ 
ta te is equivalent to 1 ml of 0.1 M lead perchlorate. 

.. mg sodium suifate 

M =-—----—-- 

142,04 x mL lead perchlorate 

a [Note—I f this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not requlred.] A05P40 


Change to read: 

MLI N Lithium Methoxide in Chiorobenzene VS A ysw 
CHjÓP, 37.97 3.798 g in 1000 mL 
Dissolye 700 mg of freshly cut lithium metal in 150 ml of 
methanol, cooling the fiask during addition of the metal. 
When the reattion is complete, add 850 mL of chloroben- 
zene, If cioudiness or precipitation occurs, add sufficient 
methanol to clarify the solution. Storę preferabfy in the res- 
ervoir of an automatic delivery bu ret suitabiy protected from 
carbon dioxide and moisture. 

A Standardization: Accurately weigh about 400 mg of 
prtmary standard benzoic add, and dissolye in 80 mL of 
dimethylformamide in a fiask, Add 3 drops of a l-m-100 
solution of thymol blue in dimethylformamide, and titrate 
with the lithium methoxide solution to a blue endpoint. 
Correct for the volume of the lithium methoxlde solution 
tonsumed by 80 mL of the dimethylformamide. Each 
12.21 mg of benzoic acid is equivalent to 1 mL of 0.1 N 
lithium methoxide. A mm [Notę—R estandardize the solution 
frequent!y.] 

N __ mg benzoic acid _ 

122.12 x mL lithium methoxide (corrected for the blank) 

a [Note— If this yolumetric solution is used in a quaiitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] AE ^o 


Change to read : 

A 0.02 N Lithium Methoxide in Methanol VS AU jp 4 cj CHjLiO, 
37.97 759.6 mg in 1000 mL 
Drssolve 0.12 g of freshly cut lithium metal in 150 mL of 
methanol, cooling the fiask during addition of the metal. 
When the reaction is complete, add 850 mL of methanol, 
and mix. Storę the solution preferabiy tn the reservoir of an 
automatic delivery buret suitabiy protected from carbon di- 
oxide and moisture. 

^Standardization: Accurately weigh about 100 mg of pri- 
mary standard benzoic add, and dissolye tn 80 mL of dr* 
metnylformamide in a fiask. Add 3 drops of a 1 in 100 
solution of thymol blue fn dimethylformamide, and titrate 
with the lithium methoxide solution to a blue endpoint. 
Correct for the vo!ume of the lithium methoxide solution 
consumed by 80 mL of the dimethylformamide *AUW40 
Each 2.442 mg of benzoic acid is equiva!ent to 1 mL of 
0.02 N lithium methoxide. [Notę— Restandardize the solu¬ 
tion freguently.] 

^ mg benzoic add 

122.12 x mL lithium methoxide (corrected for the blank) 

A [Noit“-lf this volumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not reguired.]*^* 
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Change to read: 

*0.1 N Lithium Methoxide in Methanol V$* *uwo CHiOLi, 

37,97 3.798 g in 1000 mL 

Dissolve 700 mg of freshly cut lithium metal in 150 mL of 
methanol, cooling the fiask during addition of the metal, 
When the reaction ts complete, add 850 mL of methanol. If 
cloudiness or precipitation occurs, add sufficient methanol 
to clanfy the solution, Storę preferably in the reservorr of an 
automatic dellvery buret suitabiy protected from carbon di- 
oxide and moisture, 

*Standardization: Accurately weigh about 400 mg of 
primary standard benzole acid, and dissolve in 80 mL of 
dimethylformamide in a fiask. Add 3 drops of a 1 in 100 
solution of thymol blue in dimethylformamide, and titratę 
with the lithium methoxide solution to a blue endpoint 
Correct for the vo!ume of the lithium methoxide solution 
consumed by 80 mL of the dimethylformamide, Each 
12.21 mg of benzoic acid is equivalent to 1 mL of 0,1 N 
lithium methoxide. A y $*0 [Notę— Restandardize the solution 
freguently.] 

^ mg benzoic acid 

12242 x mL lithium methoxide (corrected for the blank) 

*[Nqte—I f this volumetnc solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
dfluent, its standardlzation is not required.] A uip^ 


Change to read: 

*0.1 N Lithium Methoxide in Toiuene VSau 5 mo ChhOU, 
37.97 3.798 g in 1000 mL 

Dissolve 700 mg of freshly cut lithium metal in 150 mL of 
methanol, cooling the fiask during addition of the metal, 
When reaction is complete, add 850 ml of toiuene. If cloud¬ 
iness or precipitation occurs, add sufficient methanol to clar- 
ify the solution. Storę preferably in the reservoir of an auto¬ 
matic delrvery buret suitabfy protected from carbon dloxide 
and moisture. 

*Standardization: Accurately weigh about 400 mg of 
primary standard benzoic acid, and dissolve in 80 mL of 
dimethylformamide in a fiask. Add 3 drops of a l-in-100 
solution of thymol blue in dimethylformamide, and titrate 
with the lithium methoxide solution to a blue endpoint. 
Correct for the volume of the lithium methoxide solution 
consumed by 80 mL of the dimethylformamide. Each 
12,21 mg of benzoic acid is equiva1ent to 1 mL of 0.1 N 
lithium methoxide. A u^u [Notę —Reslandardize the solution 
frequently.] 

^ mg benzoic acid 

12242 x mL lilhium methoxide (corrected for the blank) 

*[Note—I f this volumetric solution is used in a ąualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardlzation is not required.] A ^o 


Change to read: 

* 0.01 M Magnesium Chioride VS A uiwa MgCh - 6H 2 0, 
203,30 2.0330 g in 1000 mL 
Dissolve about 2.04 g of magnesium chioride in 1000 ml 
of freshly boiled and cooled water. 

* Stan dar dizat]ON: AW4£! Accurately measure 25 mL of the 
prepared magnesium chioride solution. Add 50 mL of 
water, 3 mL of ammonia-ammonium chioride buffer IS 
and 0,04 g of eriochrome black T-sodium chioride rea~ 


gent. Titrate with 0,05 M edetate disodium V5 until the 
red-purple color of the solution changes to blue-purple. 

1^1 _ (mL edetate dtsodium VS) x {M edetate dtsodium) 

mL magnesium chioride 

*[NOTE—If this volumetric solution is used in a qualitaUve 
appiicalion such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] A usP4o 


Change to read: 

*04 M Mercuric Nitrate VS A ^, Hg(N0 3 )* 324.60 32.46g 
in 1000 mL 

Dissolve about 35 g of mercuric nitrate in a mixture of 
5 mL of nitric acid and 500 mL of water, and dilute with 
water to 1000 ml, 

*Standardization: AL /jp *0 Transfer an accurately measured 
volume of about 20 ml of the solution to a conical fiask, 
and add 2 mL of nitric acid and 2 mL of ferric ammonium 
suifate TS. Cool to below 20°, and titrate with 04 N am- 
monium thiocyanate VS to the first appearance of a per- 
manent brownish color. 

mL NK,SCNx N NH 4 SCN 
mL Hg(N0 3 ) 2 x 2 

*[NoiE—If this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required,] A u^^ 


Change to read: 

*04 N Gxalic Acid VS H 2 C 2 Q* ■ 2H 2 0, 126.07 6.303 g 
m 1000 mL 

Dissolve 6.45 g of oxalic acid in water to make 1000 mL. 
*Standardjzation: Transfer 10 mL of oxalic acid solution 
to an appropriate fiask and titrate with freshly standardized 
0.1 N potassium permanganale V5 until a pale pink color, 
which persists for 15 s, is produced, A ^wa 
Preserve in glass-stoppered bottles, protected from llghf, 

mL KMn0 4 x N KMn0 4 
mL H 2 C 2 0 4 

*[NOTE—If this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardlzation is not required.] Ai ;i^ 


Change to read ; 

*04 N Perchloric Add in Dioxane VS HCIQ 4 , 

100.46 10,05 g in 1000 mL A usm 
Mix 8.5 mL of perchloric acid with sufficient dioxane Lo 
make 1000 ml. 

*STANDARDłZATiON: At /^j Accurately weigh about 700 mg of 
potassium blphthaiate, previously crusned lightfy and dried 
at 120° for 2 h, and dissolve in 50 mL of glaciaf acetic acid 
in a 250-mL fiask. Add 2 drops of crystal vioiet TS, and 
titrate with the perchloric acid solution until the violet 
color changes to bluish green. Carry out a blank determi- 
nation, Eacn 20.422 mg of potassium biphthalate is equiv- 
alent to 1 mL of 04 N perchloric add. 

M - 9 khc 6 h 4 o 4 _ 

0.20422 x mL HGO. solution {corrected for the blank) 


Reagents 
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A [NoiE—!f this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not requiręd.]xtw« 


Change to read ; 

A 0.1 N Perchloric Acid in Glacial Acetic Add 
HG0 4 , 100.46 10.05 q in 1000 mL 
[Notę—W here called for in the tests and assays, this volu- 
metric solution is spedfied as "04 N perchloric acid," Thus, 
where 0.1 N or other strength of this volumetric solution Is 
specEfied, the solution En glacial acetic acid is to be used, 
unless the words "in dioxane" are sta ted. (See aiso A 0.1 N 
Perchloric Acid in Dioxane VS.aujp«j)] 

Mix B .5 ml of perchloric acid with 500 ml of glacial ace¬ 
tic acid and 21 mL of acetic anhydride, cool, and add glacial 
acetic acid to make 1000 mL Alternatively, the solution may 
be prepared as follows. MEx 11 mL of 60% perchloric acid 
with 500 mL of glacial acetic acid and 30 mL of acetic anhy¬ 
dride, cool, and add glacial acetic acid to make 1 000 mL. 

Allow the prepared solution to stand for 1 day for the 
excess acetic anhydride to be combined, and determine the 
water content by Method t (see Waler Determination (921)), 
except to use a test specimen of about 5 g of the 04 N! 
perchloric add that is expected to contain approximately 
1 mg of water and the Reagent (see Reagent in Water Deter- 
mination (921), Method la) diluted such that 1 mL is equiva- 
lent to about 1-2 mg of water. If the water content exceeds 
0 . 5 %, add morę acetic anhydride, If the solution contains 
no titratabie water, add sufficient water to obtain a content 
of between 0.02% and 0.5% of water. Allow the solution to 
stand for 1 day, and again titrate the water content The 
solution so obtained contains between 0/02% and 0.5% of 
water, indicating freedom from acetic anhydride. 

A Stan dardizatiGn: a uwj Accurately weigh about 700 mg of 
potassium biphthalate, previously crusned lightly and dried 
at 120° for 2 h, and dissolve it in 50 mL of glacial acetic 
acid In a 250-mL fiask. Add 2 drops of ciystal vioiet TS, 
and titrate with the perchloric add solution until the violet 
color changes to blue-green. Deduct the volume of the 
perchloric acid consumed by 50 mL of the glacial acetic 
add. Each 20 .422 mg of potassium biphthalate is equiva- 
lent to 1 mL of OJ N perchloric acid. 

g KHC a HĄ _ 

0,20422 x mL HC10_, (corrected for the blank) 

a [Note—I f this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization es not reguired.]*^^ 


Change to read: 

A 0.1 N Potassium Arsenite VSaush 0 KAsOz, 146,02 7.301 g 
in 1000 ml 

A STANDARDi2ATiON:iL^ fJ Dissolve 4.9455 g of arsenie triox- 
ide primary standard, dried according to the label instruc- 
tions or, if this Information is not avatlable, dried at 105° 
for 1 h, in 75 mL of 1 N potassium hydroxide. Add 40 g of 
potassium bEcarbonate, aissofved in about 200 ml of 
water, and di lute with water to 1 000.0 mL. 

a [Note —-If this volumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.] A[ m 0 


Change to read: 

A 0.1 N Potassium Brom a te V5 auj/wo KBrG 3 , 167,00 2.784 g 
in 1000 mL 


Dissolve 2.784 g of potassium bromate in water to make 
1000 mL 

A Standardization: AL r 5M o Transfer an accurately measured 
volume of about 40 mL of the soEution to a glass-stop- 
pered fiask, add 3 g of potassium iodide, and follow with 
3 mL of hydrach lont add. Allow to stand for 5 min, then 
titrate the liberated iodine with OJ N sodium Lhiosulfate 
V5, adding 3 ml of starch T5 as the endpoint is ap- 
proached. Correct for a blank run on the same guantities 
of the same reagents, and calculate the norma!ity. 

.. mL Na.S,Q, x N Na 2 SXb 

N ° mL KBr0 3 Solution' 

a [Note —If this volumetric solution is used in a gualita- 
Live application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not req u i red. 3*^0 


Change to read ; 

*0.1 N Potassium Bromide-Bromate VSaus^s@ 

DEssolve 2,78 g of potassium bromate (KBr0 3 ) and 12.0 g 
of potassium bromide (KBr) in water, and dllute with water 
to 1000 mL. 

A 5 TANDARDtZATiON: AW M 0 Tran sfer an accurately measured 
volume of about 40 mL of the solution to a glass-stop- 
pered fiask, add 3 g of potassium Iodide, and follow with 
3 mL of hydrochloric acid. Allow to stand for 5 min, then 
titrate the libera ted iodine with OJ N sodium thiosulfate 
VS, adding 3 ml of starch TS as the endpoint is ap- 
proached. Correct for a blank run on the same guantities 
of the same reagents, and calculate the norma lity. 

mL Na 2 S a Q 3 x N Na 2 S 2 Q 3 
mL KBr0 3 /KBr 

A [NoiE“lf this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.]A^wo 


Change to read: 

A 0.1 N Potassium Dichromate N/Sawmo K^CrjO?, 

294,18 4.903 g in 1000 mL 

Disso!ve about 5 g of potassium dichromate in 1000 mL 
of water. 

a 5tandardIZATION:a^wc Transfer 25.0 mL of this solution to 
a glass-stoppered, 500-mL fiask, add 2 g of potassium io¬ 
dide (free from iodate), dilute with 200 mL of water, add 
5 ml of hydrochloric acid, allow to stand for 10 mEn in a 
dark place, and titrate the li bera ted iodine with OJ N so¬ 
dium thiosulfate VS, adding 3 mL of starch TS as the 
endpoint is approachecL Carry out a blank determination. 

mL Na 2 S 2 0 3 x N Na 2 S 2 0 3 
“ " 254) “ 

A [NOTE—If this volumetnc solution is used in a guatita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not requiredJ A Lri^o 

0.025 N Potassium Dichromate V5 294.18 

1,2259 gin 1000 mL 

Transfer 12.259 g of potassium dichromate primary stan¬ 
dard, previously dried according to the labę! instructions or, 
if this Information is not availalile, dried at 103° for 2 h, to 
a 1000-mL volumetric fiask. Dissolve in and dilute with 
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water to volume. Transfer 100.0 mL of this solution to a 
1000-mL yolumetric fiask and drlute with water to volume. 


Change to read: 

±0,05 M Potassium Ferricyanide VS a ujmg KjFe(CN)*, 

329.24 16,46 g in 1000 mL 

Dissolve about 17 g of potassium ferricyanide in water to 
make 1000 mL. 

±STANDARDi2ATJON: A t/^o Transfer 50.0 mL of this solution to 
a glass-stoppered, 500-mL fiask, dilute with 50 mL of 
water, add 10 mL of potassium iodide T5 and 10 mL of 
dilute hydrochloric add, and allow to stand for 1 min. 
Then add 15 mL of zinc sulfate solution (1 in 10), and 
titrate the liberated iodine with 0,1 N sodium thiosulfate 
VS, adding 3 mL of starch TS as the endpoint ]s ap- 
proaehed, 

Protect from light, and restandardize before use. 

_ mL Na 2 S 2 Q 3 x N Na 3 S 2 Q 3 
50.0 

*[N0TE—If this yolumetric solution is used in a gualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not reguired*]^?^ 


Change to read: 

±0.1 M Alcohoiic Potassium Hydroxide VS AUS p 4 o KOH, 

56*11 

Dilute 20 mL of ±0*5 N A ^o alcohoiic potassium hydrox- 
ide to 100*0 mL with aldehyde-free alcohol. 


Change to read: 

±0.5 N Alcohoiic Potassium Hydroxide V5 A vsmo 28.06 g in 
1000 mL 

Dissolve about 34 g of potassium hydroxide in 20 ml of 
water, and add aldehyde-free alcohol to make 1000 mL* Al¬ 
low the solution to stand in a tightly stoppered bottie for 24 
h. Then gufckly decant the elear supernatant into a suitable, 
tight Container, 

± St an dard i zat i oh : avsp 4 q Accu ra tely measure about 25 ml of 
0,5 N hydrochloric add VS, Dilute with 50 mL of water, 
add 2 drops of phenolphthalein TS, and titrate with the 
alcohoiic potassium hydroxide solution until a permanent, 
pale pink color js proauced. [NOT£—Storę in tightty stop¬ 
pered bottles, protected from light*] 

N mL HCI x N HCI 
mL KOH 

±[NOT£—If this yolumetric solution is used in a gualita- 
tive application such as pH adjustmenl dissolution me¬ 
dium, or diluent, its slandardization is not required.] A ^ 4 & 


Change to read: 

±0*1 N Methanolic Potassium Hydroxide V$±uiNo 5.612 g 
in 1000 mL 

Dissolye about 6*8 g of potassium hydroxide in 4 mL of 
water, and add methanol to make 1000 ml* Allow the solu¬ 
tion to stand in a tightly stoppered bottie for 24 h. Then 


ąuickly decant the elear supernatant into a suitable, tight 
Container* 

±STANDARDiZATiON: A t/jwAccurate!y measure about 25 mL of 
0.1 N hydrochloric acid V5, Dilute with 50 mL of water, 
add 2 drops of phenolphtbalein TS, and titrate with the 
methanolic potassium hydroxide solution until a perma¬ 
nent, pale pink color is produced, [Notę—S torę in tightly 
stoppered bottfes, protected from light] 

mL HCI x N HCI 
mL KOH 

±[NOTE—ff this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not reguired.]*^™ 


Change to read: 

±1 N Potassium Hydroxtde VS AU ^ 0 KOH, 56.11 56.11 g in 
1000 mL 

Dissolve 68 g of potassium hydroxide in about 950 mL of 
water. Add a freshly prepared saturated solution of barium 
hydroxide until no morę predpitate forms* Shake the mix- 
ture thoroughly, and allow it to stand ovemight in a stop¬ 
pered bottie* Decant the elear liquid, or filter the solution in 
a tight, polyolefrn bottie. 

± S T an dard i ZATto N: Accurately weigh about 5 g of potas¬ 

sium biphlhalate, previousiy crushea lightly anddried at 
120° for 2 h, and dissolve fn 75 mL of carbon dioxide-free 
water. Add 2 drops of phenolphthalein TS, and titrate with 
the potassium hydroxide .solution to Lhe production of a 
ermanent pink color. Each 204*22 mg of potassium 
iphthalate is equivalenl to 1 mL of 1 N potassium 
hydroxide A ^u 

N - 9 KHC b H 4 Q, 

0.20422 x mL KOH 

±[NotE—if this yolumetric solution is used in a gualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required,] AŁ /jNf> 


Change to read: 

±0.05 M Potassium lodate V$ A uwo KI0 3 , 214*00 10.70 g in 
1000 mL 

Dissolye 10.700 g of potassium iodate, previous!y dried at 
110° to constant weight, in water to make 1000*0 mL* 
±Standar0IZAT1ON: A iispjdTo 15.0 mL of solution in a 250-mL 
iodine fiask, add 3 g of potassium iodide and 3 mL of hy- 
drochloric add previously diluted with 10 mL of water, 
Stopper immediately, and allow to stand in the dark for 5 
min* Then add 50 mL of coid water, and titrate the liber¬ 
ated iodine with freshly standardized 0.1 N sodium thio¬ 
sulfate, Add 3 mL of starch indicator solution near the end 
of the titration, and continue to the absence of the blue- 
starch-iodine comp!ex. 

mL x N Na,S,0, 
mL KIO a x 6 

±[NOTE—lf this yolumetric solution rs used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not requifed.] A uw? 
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Change to read ; 

*0.1 N Potassium Permanganate VS AU ^ KMnO^ 

158.03 3.161 g in 1000 mL 
Dissolve about 3.3 g of potassium permanganate in 
1 000 mL of water in a fiask, and boi! the solution for about 
15 min. Insert the stopper in the fiask, allow it to stand for 
at least 2 days, and filter through a fine-porosity, sintered- 
glass cruetble. If neeessary, the oottom of the sintered-glass 
crudble may be Irned with a pledget of glass wool. 
*Stanoardization:a^ 0 Accurately weigh about 200 mg of 
primary standard sodium oxalate, dried accordtng to the 
instructions on its [abel, and dissoh/e it in 250 mL of water. 
Add 7 mL of suifuric acid, heat to about 70°, and then 
slowly add the permanganate solution from a buret, with 
constant stirring, until a pale pink color, which persists for 
15 s, Es produced, The temperaturę at the condusion of 
the titration should be NLT 60°. Calculate the normality, 
Each 6.700 mg of sodium oxalate is equivalent to 1 ml of 
0.1 N potassium permanganate. 

Since potassium permanganate is reduced on contact 
with organie substances such as rubber, the solution must 
be handled in an apparatus madę entirely of glass or other 
suitabiy inert materia!. It should be frequently 
restandardized. Storę in glass-stoppered, amber-colored 
bottles. 


Y IS. Stir, preferably with a magnetic stirrer, and titrate 
with the stlver nitrate soiution. 


N = ^ 


g Na 2 C 2 0 4 


mL KMn0 4 solution x 0.06700 


*[Nqte— lf this volumeti ic solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required 


Change to read: 

*0.1 N Potassium Thiocyanate VS 4 ^p/o KSCN, 97.18 
9.72 g in 1000 mL 

Weigh exactly 9.72 g of potassium thiocyanate, previously 
dried at 110° for 2 h, transfer to a 1-L yolumetrie fiask, 
dilute with water to volume, and mEx welL 
*5TANOARDfZAT!ON: A ^ r0 Transfer 40.0 mL of freshly stan- 
dardized 0,1 IM silver nitrate VS to a 250-mL Erlenmeyer 
fiask; add 100 mL of water, 1 mL of nitric add, and 2 mL 
of ferric ammonium sulfate TS. Utratę with the potassium 
thiocyanate solution, with agitation, to a permanent light 
pinkish-brown color of the supernatant. 


N = 


mL x N AgN0 3 
mL KSCN 


*[Note—- lf this volumetric solution is used in a quatita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.] A LWJc? 


Change to read: 

*0.1 N Sifver Nitrate V$mjsp 4 q AgN0 3f 169.87 16,99 g in 
1000 ml 

Dissolve about 17.5 g of silver nitrate in 1000 mL of 
water. 

*5tandardizaton: A us^ Transfer about 100 mg, accuratefy 
weighed, of primary or volumetric standard sodium chlo- 
ride, dried according to the labę! instructions or, if this 
information Es not availab!e, dried at 110° for 2 h, to a 
150-mL beaker, dissolve in 5 mL of water, and add 5 mL of 
acetic add, 50 mL of methanol, and about 0.5 mL.of eosin 


N = - 


mg NaCI 


ml AgN0 3 x 58.44 


*[NOTE— lf this volumetrrc solution is used in a quafitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] A u5Mo 


Add the followłttg: 

*0.05 N Silver Nitrate VS AgNOs, 169.87 S.49 in 100QmL 
Dissolve 8.75 g of silver nitrate in 1000 mL of water. 
Standardization: Transfer about 50 mg, accurately 
weighed, of sodium thforide, previously dried at 110° for 
2 h, to a 150-mL beaker. DEssofve in 5 mL of water and 
add 5 mL of acetic acid, 50 mL of methanol, and abouL 
0.5 mL of eosin Y TS. Stir, preferably with a magnetic stir¬ 
rer, and tRrate with the silver nitrate solution. 


N = - 


mg NaC3 


mL AgN0 3 x 58.44 
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Add the fofbwing: 

*0.002 N Silver Nitrate in isopropyl Alcohol V5 
AgNOil69.87 0,3397 g in 1000 mL 
Transfer 20,0 mL of 0.1 N silver nitrate V$ to a 1000-mL 
volumetric fiask, and dilute with isopropyl alcohol to vol- 
ume. Storę in a low-aclinic fiask . A usmq 


Change to read: 

*0.05 M Sodium Arsenite V$±u$mq NaAsO^, 129.91 6.496 g 
in 1000 mL 

Transfer 4.9455 g of arsenie trioxide, which has been pul- 
verized and dried at 100° to constant weight, to a 1000-mL 
volumetric fiask, dissolve it En 40 ml of 1 N sodium hydrox- 
Ide, and add 1 N suifuric acid or 1 N hydrochioric acid until 
the solution is neutral or only slightly acid to litmus. Add 
30 a of sodium bicarbonate, diiute with water to voiume, 
and mix. 


Change to read: 

*1 N Sodium Hydroxide VS a mp 4 q NaOH, 40.00 40.00 g in 
1000 mL 

Disso!ve 162 g of sodium hydroxide in 150 mL of carbon 
dtoxide-free water, cool the solution to room temperaturę, 
and filter through hardened filter paper. Transfer 54.5 mL of 
the elear filtrate to a tight, polyolefin Container, and dilute 
with carbon dioxjde-free water to 1000 mL. 

* St an dar D izati o n : a u$P 4 o Acc u ra te ly weigh about 5 g of po¬ 
tassium biphthalate, previously crushed lightly and dried at 
120° for 2 h, and dissolve in 75 mL of carbon dioxEde4ree 
water. Add 2 drops of phenolphthalein TS, and Utratę with 
the sodium hydroxide solution to the productron of a per¬ 
manent pinie color. Each 204.22 mg of potassium biphtha¬ 
late is equiva!ent to 1 mL of 1 N sodium hydroxide. 

N _ a khc.hą 

0.20422 x mL NaOH solution 
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[NOTĘ—(1) Solutions of alkali hydroxides absorb carbon 
dioxide when exposed to air* They should be preserved in 
bottles having welf-fitted, suitable stoppers, provided with 
a tubę filled with a mixture of sodium hydroxtde and limę 
(soda-lime tubes) so that air entering the Container must 
pass Lhrough this tubę, which wiil absorb the carbon diox- 
itle. (2) Prepare Solutions of lower concentration (e*g., 04 
M, 0.01 N) by quantitatively diiuting accurately measured 
volumes of the 1 N solution with sufficient carbon dioxide- 
free water to yield the desired concentration.] 
Restandardize the solution frequently. 

*[Nqte—I f this volumetric solution is used in a gualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not reguired.jA^a 


Change to read: 

A 0.1 N Alcoholic Sodium Hydroxide VS A ^ w NaOH, 40,00 
To 250 ml of alcohol add 2 ml of a 50% (w/v) solution 
of sodium hydroxide. 

A ST AN d aro i zati on : ausno Dissolve about 200 mg of benzoic 
acid, accurately weighed, in 10 mL of alcohol and 2 mL of 
water. Add 2 drops of phenolphthalein T5, and titrate with 
the alcoholic sodium hydroxide solution until a permanent 
pale pink color is produced. 

^ _ mg benzoic add 

122.1 x ml sodium hydroxide 

A [NOTE—If this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required.] A i/ 5 wo 


Add the foflowing: 


A 0.1 N Sodium Hydroxide VS NaGH, 40.00 4.0 g in 
1000 mL 

Transfer 100 mL of 1 N sodium hydroxide VS to a 
1000-mL volumetrtc fiask. Dilute with water, carbon diox- 
ide-free to volume, 

Standardization: Dissolve about 200 mg of benzoic acid 
in 15 mL of carbon dioxide-free water. Add 2 drops of 
phenolphthalein TS, and titrate with 0.1 N sodium hydrox- 
ide VS until a permanent pale pink color is produced. 


mg benzoic add 
122,1 x ml sodium hydroxide 


tion of the methanol is oomplete, connect a drying tubę to 
the top of the condenser, and allow the solution to cool. 
Transfer the solution to a 1-L volumetric fiask, dilute with 
anhydrous methanol to volume, and mix. 

A Standardization : A usp4o Accurately measure about 20 mL of 
freshly standardized 1 N hydrochloric acid VS into a 
250-mL conical fiask, add 0.25 mL of phenolphthalein TS, 
and titrate with the sodium methoxide solution to the first 
appearance of a permanent pink color. 

l= ml HCI x N HC1 
mL sodium methoxide 

a [Note—I f this votumetric solution is used in a qualrtaUve 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not required,] A (/ 5 ™t 


Change to read: 

A Q1 N Sodrum Methoxide in Toluene VS A irs^o CHjONa, 
54*02 5.402 g in 1000 mL 

Cool in ice water 150 mL of methanol contained in a 
1000-mL volumetric fiask, and add, in smali portions, about 
2.5 g of freshly cut sodium metal When the metal has dis- 
$olved, add toluene to make 1000 mL, and mix. Storę pref- 
erably in the reservoir of an automatic delivery buret sufta- 
bly protected from carbon dioxide and moisture. 
^Standardization^^c} Accurately weigh about 400 mg of 
primary standard benzoic acid, and dissolve in 80 mL of 
dimethylformamide in a flaslc Add 3 drops of a 1 in 100 
solution of thymo! blue in dimethylformamide, and titrate 
with the sodium methoxide to a blue endpoint. Correct 
for the volume of the sodium methoxide solution con- 
sumed by 80 mL of the dimethylformamide, Each 
12.21 mg of benzoic add is equivalent to T mL of 0*1 N 
sodium methoxide. 

^ _ mg benzoic acid _ 

122.1 x mL sodium methoxide (corrected for the blank) 

[Notę —(1) To eiiminate any turbidity that may form fol- 
iowing dilutfon with toluene, add methanol (25-30 mL 
usually suffices) until the solution is elear. (2) Resta ndardize 
the solution frequentlyj 

a [Note— if this yolumetiric solution is used in a gualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not requiredJ A uiwa 


[MOTE—If this volumetric solution is used in a qualitative 
application such as pH adjustment, dissolution medium, or 
diluent, Its standardization is not reąuired.] 
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Change to read: 

A 0.5 N Sodium Methoxide in Methanol V$amp 4 Q CH 3 ONa, 
54.02 27*01 g in 1000 ml 

Weigh 11*5 g of freshly cut sodium metal, and cut into 
smali cubes. Place about 0*5 mL of anhydrous methanol in a 
round-bottom, 250-mL fiask eguipped with a ground-glass 
joint, add 1 cube of the sodium metal, and, wnen the reac- 
tion has ceased, add the remaining sodium metal to the 
fiask. Connect a water-jacketed condenser to the fiask, and 
slowly add 250 mL of anhydrous methanol, in smali por- 
Lions, through the top of the condenser. Regulate the addi- 
tion of the methanol so that the vapors are condensed and 
do not escape through the top of tne condenser. After addi- 


Change to read: 

A 0.1 M Sodium Nitrite V$avsmq NaNO?, 69.00 6.900 g in 
1000 mL 

Dissołve 6.9 g of sodium nitrite in water to make 
1000 mL. 

A STANDARDlZATlON: A yj^ 0 Accurately weigh about 500 mg of 
USP Sulfanilamrde R5, previously dried at 105° for 3 h, and 
transfer to a suitable beaker. Add 20 mL of hydrochloric 
add and 50 mL of water, stir until dissolved, and cool to 
15°. Maintaining the temperaturę at about 15°, titrate 
slowly with the sodium nitrite solution, placing the buret 
tip below the surface of the solution to preclude air oxida- 
tion of the sodrum nitrite, and stir the solution gently with 
a magnetk stirrer, but avoid pufling a vortex of arr be- 
neath the surface* Use the inoicator spedfied in the mdt- 
vidual monograph, or, if a potentiometric procedurę is 
spedfied, determine the endpoint electrometrically using 
platinum^calomel or platmum-pfatinum electrodes, When 
the titration is within 1 mL of tne endpoint, add the tilrant 
in 0.1-mL portions, and allow 1 min between additions. 
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Each 1 7.22 mg of sulfaniiamide is equivalent to 1 ml of 
0.1000 M sodium nitrite, 

mg of sulfaniiamide 

”172.20 x mL NaN0 2 

*[Nqte—’I f this yolumetric solution is used in a quafita- 
tive application such as pH adjustment, dissolution me- 
dl urn, or diluent, its standardization is not reguired,]*^*? 


Change to read: 

*0.02 M Sodium Tetraphenylboron VS auwd NaB(C 6 H 5 )*, 
342.22 6.845 g in 1000 mL 

Dissolve an amount of sodium tetraphenylboron, equiva- 
lent to 6.845 g of NaB(C 6 Hs)^ in water to make 1000 mL. 
a StandarDIZATION:*u 5 M£? Pipet two 75-mL portions of the 
solution into sępa ratę beakers, and to each add 1 mL of 
acetic acid and 25 mL of water. To each beaker add, 
slowty and with constant stirring, 25 mL of potassium 
biphthalate solution (1 in 20), and allow to stand for 2 h. 
Filter one of the mixtures through a filtering crudble, and 
wash the predpitate with cold water. Transfer the preclpi- 
tate to a Container, add 50 mL of water, shake intermit- 
tentfy for 30 min, filter, and use the filtra te as the satu- 
rateo potassium tetraphenyiborate solution in the 
following standardization procedurę. Filter the seeond mix- 
turę through a ta red filtering crudble, and wash the pre¬ 
dpitate with three 5-mL portions of saturated potassium 
tetraphenyiborate solution. Dry the predpitate at 105° for 
1 h. Each g of potassium tetraphenyiborate (KTPB) is 
equivalent to 955.1 mg of sodium tetraphenylboron. 

„ g KTPB x 0.9551 
342.22 x 0.075 

[Notę—P repare this solution just before use.] 

*[Nqte—-I f this yolumetric solution is used in a guatita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization i$ not required.]Aus^£? 


Change to read: 

*0.1 N Sodium Throsulfate VSawwo Na^Ch ■ 5hhO, 

248.19 24.82 g in 1000 mL 

Dissolve about 26 g of sodium thtosulfate and 200 mg of 
sodium carbonate in 1000 mL of recently boiled and cooled 
water, 

a StandardIZATION: a ^no Accurately weigh about 210 mc of 
primary standard potassium dichromate, previously puk/er- 
ized and dried according to the label instructions or, If this 
information is not avaifable, dried at 120° for 4 h, and 
dlsso3ve In 100 mL of water in a glass-stoppered, 500-mL 
fiask, Swirl to dissoEve the solid, remove the stopper, and 
quick[y add 3 g of potassium iodide, 2 g of sodium blcar- 
bonate, and 5 mL of hydrocliforic acid, Insert the stopper 
gentiy in the fiask, swirl to mix, and allow to stand in the 
darkfor exactfy 10 min. Rinse the stopper and the inner 
walls of the fiask with water, and titrate the tiberated io- 
dine with the sodium thiosulfate solution untll the solution 
is yellowish green in color. Add 3 mL of starch TS, and 
continue the titratfon until the blue color is discharged. 
Perform a blank determination. 


Restandardize the solution as freguently as supported by 
laboratory stability data. In the absence of such data, 
restandardize the solution weekly. 

N K a Cr 2 Q 7 

49.04 x mL Na 2 S 2 0 3 

*[Note—I f this yolumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.] A i^d 


Change to read: 

*1 N Sulfuric Acid VS A u SP40 H 2 50 4 , 98.08 49.04 g in 
1000 mL 

Add slowly, with stirring, 27 mL of sulfuric add to a suffi- 
cient guantity of water to make 1000 mL, 

* Standardization: Accurately weigh about 5.0 g of 
tromethamine, dried according to the label instructions or, 
if this information is not availaole, dried al 150° for 3 h, 
Dissolve in 50 ml of water and add 2 drops of bromo- 
cresol green TS, Titrate with 1 N sulfuric acid to a pale 
yellow endpoint Each 121.14 mg of tromethamine Is 
equiva!ent to 1 mL of 1 N sulfuric acid. 

mg tromethamine 
“121.14 x mL H 2 S0 4 

[Notę—-I f this yolumetric solution is used in a qualitatlve 
application such as pH adjustment, dissolution medium, or 
diluent, its standardization is not requiredjitów<> 


Change to read: 

*0.5 N Sulfuric Acid in Alcohof VS A USNC H z 50 4 , 

98.08 24.52 g in 1000 mL 

^Transfer 13.9 mL of sulfuric acid to a 1000-mL yolumet¬ 
ric fiask containing about 500 mL of dehydrated alcohol. 
Cool and dllute with dehydrated alcohol to volume. 
Standardization: Accurately weigh about 2.5 g of 
tromethamine, dried according to the label instructions or, 
if this information is not avai!able, dried al 105 - for 3 h, 
Dissolve in 50 mL of water and add 2 drops of bromo- 
cresol green TS. Titrate with the sulfuric acid solution to a 
pale yellow endpoint, Each 60.57 mg of tromethamine is 
equiyalent to 1 mL of 0.5 N sulfuric acid.łwwo 

^ _ mg tromethamine 
" 121.14 x mLH.SO, 

*[Note—I f this yolumetric solution ts used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.]*^ 4 o 


Change to read: 

*0.1 N Tetrabutylammonium Hydroxide \fSAWP 4 o 
(C 4 H 9 ) 4 NOH, 259.47 25.95 g in 1000 mL 
Dissoiye 40 g of tetra-n-butylammonium iodide in 90 mL 
of anhydrous methanol in a glass-stoppered fiask. Place in 
an ice bath, add 20 g of powdered silver oxide, insert the 
stopper in the fiask, and agitate yigorously for 60 min, Cen- 
trifuge a few milliliters, and test the supernatant for iodide 
(see Identification Tests—General (191), iodide). If the fest is 
positive, add an additional 2 g of silver oxide, and continue 
to allow to stand for 30 min with intemnittent agitation. 
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When all of the iodide has reacted, filier through a flne- 
porosity, sintered-glass funnel. Rinse the fiask and the funnel 
with three 50-mL portions of anhydrous toluene, adding the 
rinsings to the filtrate. Dilute with a mixture of three 
volumes of anhydrous toluene and one voJume of anhy¬ 
drous methanof to 1000 mL, and flush the solution for 10 
min with dry, carbon dioxfde-free nitrogen. [Notę —If neces¬ 
sary to obtain a elear solution, further smali guantities of 
anhydrous methano! may be added.j Storę in a reservoir 
protected from carbon cfioxide and moisture, and dtscard 
after 60 days. Alternatwely, the solution may be prepared by 
diluting a suitable volume of commercially available tetra bu- 
tylammonium hydroxtde solution in methanol with a mix- 
ture of four vo!umes of anhydrous toluene and one volume 
of anhydrous methanol. [Notę—I f necessary to obtain a 
elear solution, further smali auantities of methanol may be 
addedj 

Standardization: On the day of use /A us^o dissolve 
about 400 mg of primary standard benzoic acid, accurately 
weighed, in 80 mL of dimethylformamide, add 3 drops of 
a 1 In 100 solution of thymof blue in dimethylformarnlde, 
and titrate to a blue endpoint with the tetrabutylammo- 
nlum hydroxide solution, dellvering the titrant from a bu- 
ret egulpped with a carbon dioxide absorptlon trap. Per- 
form a blank determinałion, and make any necessary 
correction. Each mL of 0.1 N tetrabutylammonium hydrox- 
ide is equivalent to 12.21 mg of benzole acid, 

^ mg benzoic acid 
“ 122.1 x mL (C 4 H g ) 4 NOH 

A [NOTE—if this volumetric solution is used in a gualita- 
tive application such as pH adjustment, dlssolution me¬ 
dium, or diluent, its standard ization is not required.] A[ /s^ 


C hangę to read: 

A Q4 N Tetrabutylammonium Hydroxide rn Methanol/lso- 
propyl Akohol VS 

Dissoke 40 g of tetra-n-butylammonium iodide in 90 mL 
of anhydrous methanol in a glass-stoppered fiask. Place In 
an ice bath, add 20 g of powdered siNer oxide, insert the 
stopper in the fiask, and agitate vigorously for 60 min. Cen- 
trifuge a few milfiliters, and test the supernatant for iodide 
(see Identification Tests—General {191), Iodide), If the test is 
posili ve, add an addltional 2 g of silver oxide, and continue 
to allow to stand for 30 min with InLermitlent agitation, 
When all of the iodide has reacted, fil ter through a linę- 
porosity, sintered-glass funnel. Rinse the fiask and the funnel 
with three 50-mL portions of isopropyl akohol, adding the 
rinsings to the filtra te. Dilute witn a mjxture of three 
volumes of isopropyl alcohol and one vo!ume of anhydrous 
methanol to 1000 mL, and flush the solution for 10 min 
with dry, carbon dfoxide4ree nitrogen. [Notę—I f necessary 
to obtain a elear solution, further smali guantitles of anhy¬ 
drous methanol may be added,] Storę in a reservoir pro¬ 
tected from carbon dioxide and moisture, and discard after 
60 days. Aiternatively, the solution may be prepared by di¬ 
luting a suitable volume of commercially available tetrabu- 
Lylammonium hydroxide solution in methanol with a mix- 
turę of four volumes of isopropyl alcohol and one vofume of 
anhydrous methanol. [NoTE—If necessary to obtain a elear 
solution, further smali auantities of methanol may be 
adtfed] 

Standardization: On the day of use, dlssolve about 
400 mg of primary standard benzoic acid, accurately 
weighed, in 80 mL of dimethylformamide, add 3 drops of 
a 1 in i 00 solution of thymof blue in dimethylformamide, 
and titrate to a blue endpoint with the tetrabulylammo- 
nium hydroxtde solution, delivering the titrant from a bu¬ 
re! eguipped with a carbon dioxide absorption trap. Per- 
form a blank determinałion, and make any necessary 


correction. Each mtUiliter of 0.1 N tetrabutylammonium 
hydroxide is equivalent to 12.21 mg of benzoic acid 

^ mg benzoic acid 
“l224x mL(C 4 H 9 ) 4 NOH 

a [Note—I f this volumetnc solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not required.] A y^ 


Change to read: 

A 0.1 M Tetramethylammonium Rromide V5 au smo 
(CHa^NBr, 154.05 15.41 g in 1000 mL 
Dissolve 15.41 g of tetramethylammonium bromide In 
water to make 1000 mL. 

A STANDAROiZATioNu^o Transfer an accurately measured 
volume of about 40 mL of the solution to a beaker, add 
10mL of diluted nltric acid and 50.0 mL of 04 N silver 
nitrate VS, and mlx. Add 2 mL of ferric ammonlum sulfate 
IS, and titrate the excess sllver nitrate with 0.1 N ammo- 
nium thiocyanate VS, 

^ _ mL AgN0 3 x N AgNG 3 
mL(CH 3 ) 4 NBr 

a [Note —If this voiumetric solution is used in a puallta- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, Its standardization is not reguired.jiwwo 


C hangę to read: 

A 04 M Tetramethylammonium Chloride VS AU sp 4 o 
{CH^NCf, 109.60 10,96 g in 1000 mL 
Dissoke 10.96 g of tetramethylammonium chloride in 
water to make 1000 mL. 

A $TANDARDlZATlON: it wv 0 Transfer an accurately measured 
volume of about 40 ml of the solution to a fiask, add 
10 mL of diluted nilnc acid and 50.0 mL of 04 N silver 
nitrate VS, and mix. Add 5 mL of nitrobenzene and 2 mL 
of ferric ammonlum sulfate TS, shake, and titrate the ex- 
cess sifver nitrate with 04 N ammonlum thiocyanate V5. 

^ _ mL AgN0 3 x N AgN0 3 
' mL7cH 3 ) 4 NOI 

A [NOTE-—If this volumetric solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluenL, its standardization is not regutred.]*^.^ 


Change to read: 

A 0,1 N Titanium Trkhioride VS±ys P 4 o TjCI 3 , 154.23 15.42 g 
In 1000 mL 

Add 75 mL of titanium trrchloride solution (1 in 5) to 
75 mL of hydrochloric acid, dilute to 1000 mL, and mix, 
A 5TANDARDlZATIO H AU ^ 0 

Apparatus: Storę the titanium trichloride solution in 
the reservoir of a dosed-system titration apparatus in an 
atmosphere of hydrogen. 

Use a wide-mouth, 500-mL conical fiask as the titration 
vessel, and connect It by means of a tlght-fitting rubber 
stopper to the titration buret, an inlet tubę for carbon 
dioxtde, and an exit tubę. Arrange for mechanical stir- 
ring. All joints must be air-trght, Arrange to have both 
the hydrogen and the carbon dioxide pass through wash 
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bottles contalning titanium trichloride solution (approxi- 
mately 1 in 50) to remove any oxygen. 

If the solution to be titrated is to be heated before or 
during titration, connect the titration fiask with an up- 
right reflux condenser through the rubber stopper. 
Procedurę; Place an accurately measured volume of 
about 40 ml of 0,1 N ferric am mon tum sulfate VS in the 
titration fiask, and pass In a rapid stream of carbon dox- 
ide until alt the a Er Has been removed. Add the titanium 
tnchloride solution from the buret until near the calcu- 
lated endpdnt (about 35 mL), then add through Lhe out- 
fet tubę 5 mL of ammonium thfocyanate T S, and con- 
tinue the titration untif the solution Is colorless. 

N mL FeNH 4 (SQ 4 ) a x M FeNH„(SQ 4 ) a 

mL TiCI 3 

*[Note— if this volumetrrc solution is used in a qualita- 
tive application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardrzation Es not required*]Ai;iw& 


Change to read: 

*0.05 M Zinc Sulfate VSi WW pZnS0 4 ■ 7H 2 O, 287.56 14.4g 
En 1000 mL 

Drssolve 14.4 g of zinc sulfate fn water to make 1 L. 
A 5TANDARD!ZATiON: A y5P40 Accurately measure about 10 mL of 
0.05 M edetate disodium VS into a 125-mL confcal fiask, 
and add, in the order given, 10 mL of acetic acid-ammo- 
nium acetate buffer TS, 50 ml of alcohol, and 2 ml of 


dithizone TS. Titrate with the zinc sulfate solution to a 
elear, rose-pink co lor. 

„ mL edetate disodium x M edetate disodium 

M = ---- 

mL ZnS0 4 

*[Note— If this volumetric sol utlon Es used in a qua li ta¬ 
tkę application such as pH adjustment, dissolution me¬ 
dium, or diluent, its standardization is not requiredJ±uiMo 


Add the fottowing: 

*0.1 M Zinc Sulfate VS ZnSO, 7H 2 0, 287.54 28.8 g in 
1000 mL 

DtssoIve 28.8 g of zinc sulfate hepta hydra te in water to 
make 1 L. 

Standardization: Accurately measure about 10 ml of 0.1 
M edetate disodium VS into a 125-ml conicaJ fiask, and 
add, in the order given, 10 mL of acetic add-ammonium 
acetate buffer TS, 50 mL of alcohol, and 2 mL of dithizone 
TS. Titrate wifh the zinc sulfate solution to a elear, rose- 
pink color. 

mL edetate disodium x M edetate disodium 
mL ZnSO., 

[NOTĘ—If this volumetric solutlon h used In a qualitative 
application such as pH adjustment, dissolution medEum, or 
diluent, its standardization Es not required.] 

Łuswa 


Chromatographic Columns 


The foliowing list of packlngs (L), phases (G), and sup- 
ports (S) Es intended to be a convement reference for the 
chromatographer. [Notę—P articie sizes given in this listing 
are those generally provtded. Where other, usually finer, 
sizes are reguired, the individual monograph specifies the 
desired particie size. WithEn any category of packings or 
phases listed below, there may be a wide rangę of columns 
available. Where it Is necessary to define morę specifically 
the chromatographic conditfons, the individuaf monograph 
so indicates.] 

Packings 


LI—Octadecyl silane chemically bonded to porous or 
nonporous silica or ceramic miero particles, 1.5 to 10 pm in 
diameter, or a monolithic silica rod. 

L2—Octadecyl silane chemically bonded to silica gel of a 
eon troll ed surface porosity that has been bonded to a solid 
spherical core, 30 to 50 jim In diameter, 

L3—Porous silica particles, 1.5 to 10 pm in diameter, or a 
monolithic silica rod. 

L4—Silica gel of controllecl surface porosity bonded to a 
solid spherical core, 30 to 50 pm in diameter. 

L5-—Alurnina of controlled surface porosity bonded to a 
solid spherical core, 30 to 50 pm in diameter. 

L6—Strong cation-exchange packing-sulfonated fluoro- 
carbon poTymer coated on a solid spherical core, 30 to 
50 pm En diameter. 


L7~—Octylsilane chemically bonded to totally porous or su- 
perficially porous silica particles, 1.5-10 pm in diameter, or a 
monolithic silica rod. 

L8—An essentially monomolecular layer of aminopropylsT 
lane chemically bonded to totally porous silica gel support, 
1.5-10 jam in diameter, or a monolithic silica rod. 

L9—Irregular or spherical, totally porous silica gel having a 
chemically bonded, strongly acidic cation-exchange coating, 
3 to 10 pm In diameter. 

Li o—Nitrile groups chemically bonded to porous silica par- 
tiefes, 1.5-10pm in diameter, or a monolithic silica rod. 

LII—Phenyl groups chemically bonded to porous silica par- 
ticles, 1,5-10 pm in diameter, or a monolithic silica rod. 

LI 2—A strong anion-exchange packing madę by chemically 
bonding a guaternary aminę to a solid silica spherical core, 
30 to 50 pm in diameter. 

LI3—Trimethylsilane chemically bonded to porous silica par- 
ticies, 3 to TO pm in diameter. 

LI A —Silica gel having a chemically bonded, strongly basie 
guaternary ammonium anion-exchanqe coating, 5 to 10 um 
in diameter, 

LI5—Hexylsilane chemically bonded to totally porous silica 
particles, 3 to lOjim in diameter. 

LI6—Dimethylsilane chemically bonded to porous silica par- 
tides, 5 to 10 (im in diameter. 
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117—Strong cation-exchange resin consisting of sulfonated 
cross-linked styren e-d lv\ nyl hen ze ne copoiymer in the hydro- 
gen form, 6 to 12 pm in diameter. 

LI8 —Amino and cyano groups chemrcaily bonded to po- 
roifs silica particles, 3 to lOpm in diameter. 


Change to read: 

LI9—Strong cation-exchange resin consisting of sulfonated 
cross-linked styrene-divinylbenzene copoiymer in the cal- 
cium form, *5-15,4^ pm in diameter. 

L20—Dihydroxypropane groups chemically bonded to po- 
rous silica or hybnd particles, 1.5-10 pm in diameter, or a 
monolrthic silica rod. 

L21—A rigid, spherical styrenedivinylbenzene copoiymer 3 
to 30 pm In diameter. 


Change to read; 

122 —A cation-exchange resin madę of porous polystyrene 
gel with sulfonie acid groups, A 5-1 pm in A diameter. 

L23—An anion-exchanqe resin madę of porous 
polymethacrylate or polyaci^late gel witn guatemary ammo- 
nrum groups, 7-12 pm in size. 

L24—Polyvinylalcohol chemically bonded to porous silica 
artide, 5 pm in diameter. [Notę —Available as YMC-Pack 
VA-SIL manufactured by YMC Co., Ltd. and distributed by 
Waters Corp. (www.waters.com).] 

L25—Packing having the capacity to separate compounds 
with a molecular weight rangę from 100-5000 {as deter- 
mined by polyethylene oxide), applied to neutral, anionie, 
and cationic water-soluble polymers, A polymethacrylate 
resin base, cross-linked witn polyhydroxylated ether (surface 
contained some residua! carboxyl functionaf groups) was 
found suitable. 

126 — 811 tyI silane chemically bonded to totally porous or su- 
perffcially porous silica particles, 1.5-10 pm in aiameter. 

127— Porous silica particles, 30 to 50 pm in diameter. 

L28—A multjfunetional support, which consists of a high 
urity, 100 A, spherical siiica substrate that has been 
onded with anionie exchanger, aminę functionality in addi- 
tion to a conventional reversed phase C8 functionality. 

L29—Gamma alumtna, rever$e-phase, Iow carbon percent- 
age by weight, alumina-based polybutadiene spherical part- 
cles, 5 pm in diameter with a porę voiume of 80 A. 

L30—-Ethyl siłane chemically bonded to totally porous silica 
particles, 3 to lOpm in diameter. 

L31—A hydroxide-selective, strong anion-exchange resin- 
quaternary aminę bonded on latex particles attacned to a 
core of 8.5-pm macroporous particles havtng a porę size of 
2000 A and consisting of ethyMnylbenzene cross-linked 
with 55% divinylbenzene. 

L32—A chiral ligand-exchange packing-i-proline copper 
complex covalently bonded to irregutarły shaped silica parti¬ 
cles, 5 to lOpm in diameter. 


L33—Packing having the capacity to separate dextrans by 
molecular size over a rangę of 4,000 to 500,000 Da. It is 
spherical, siltca-based, and processed to provtde pH stability. 
[NOTĘ—Available as T5K-GEL G40005Wxj from Tosoh Bio- 
science (www.tosohbioscience.com).] 

L34—Strong catkMvexchange resin consisting of sulfonated 
cross-linked styrene-divinyfbenzene copoiymer in the lead 
form, 7 to 9pm in diameter. 

135—A zircontum-stabilized spherical silica packing with a 
hydrophilic (diol-type) molecular monolayer bonded phase 
having a porę size of 150 A. 

L36—A 3,5-dinitrobenzoyl derivative of L-phenylglycine 
covalentiy bonded to 5-pm aminopropyl silica. 

L37—Packing having the capacity to separate proteins by 
molecular size over a rangę of 2,000 to 40,000 Da. It is a 
polymethacrylate gel. 

L38—A methacrylate-based size-exclusion packing for water- 
solubie samples. 

L39—A hydrophilic poiyhydroxymethacrylate gel of totally 
porous spherical resin. 


Change to read: 

L40—Cellulose tris-3,5-dimethy]phenylcarbamate-coated, 
porous siiica particles, a 3- au jp4ci20 pm in diameter. 

L41—Immobilized a T -acid giycoprotein on spherical silica 
particles, 5 pm in diameter. 

L42—Octylsilane and octadecylsilane groups chemically 
bonded to porous silica particles, 5 pm in diameter. 

L43—Pentafluorophenyl groups chemically bonded to silica 
particles by a propyl spacer, 1.5 to 10 pm in diameter. 

L44—A multifunctionaf support, which consists of a high 
purity, 60 A, spherical silica substrate that has been bonded 
with a cationic exchanger, sulfonie acid functionality in ad- 
dltion to a conventional reversed phase C8 functionality. 


Change to read: 

L45~Beta cyclodextrin, /?, 5-hydroxy propyl ether derivative, 
bonded to porous siiica particles, a 3“10awpjo pm in diame¬ 
ter. 

L46—Polystyrene/diviny!benzene substrate agglomerated 
with guaternary aminę functionalized latex beads, about 9 
to 11 urn in diameter. 

L47—High-capacity anion-exchange mlcroporous substrate, 
fully functionalized with trimethlyamine groups, 8 pm in di¬ 
ameter. [Notę—A vailabfe as CarboPac MAI and distnbuted 
by Dionex Corp. (www.dionex.com),] 

L48—Sulfonated, cross-linked polystyrene with an outer 
layer of submicron, porous, anion-exchange microbeads, 5 
to 15 pm in diameter. 

L49—A reversed-phase packing madę by coating a thin 
layer of polybutadiene onto spherical porous zirconia parti¬ 
cles, 3 to 10 pm in diameter. [NoiE—Availabie as Zircnrom 
PBD from www.zirchrom.com.] 
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L50—Multifunction resin with reversed-phase retentron and 
strong anion-exchange functionalities. The resin consists of 
ethylvinylbenzene, 55% cross-linked with divinylbenzene co- 
polymer, 3 to 15 pm in diameter, and a surface area not 
less than 350 m 2 per g. Substrate is coated with quaternary 
a m mon eu m functionalized latex partie fes consisting of sty- 
rene cross-linked with dsvfnyfbenzene. [NOTĘ—AvaiJabte as 
Omni Pac PAX-500 and distributed by Dtonex Corp. (www, 
dionex.com).] 


Change to read: 

L51—Amyfose tris^S-dimethylphenylcarbamate-coated, po- 
rous, spherical, silica partEcles, A 3- A w^o10 pm in diameter. 
[Notę—A vaiJabfe as Chiralpak AD from Chira! Technologies, 
Inc. (www.chiraltech.com).] 

L52—A strong catEon-exchange resin madę of porous silica 
with sulfopropyl groups, 5 to 10 pm in diameter. [NoTE— 
Availab!e as I5K-GEL IC-Cation-SW from Tosoh Bioscience 
(www.tosohbiosdence.com).] 

L53—Weak cation-exchange resin consisting of 
ethylvinylbenzene, 55% cross-linked with divinylbenzene co- 
polymer, 3 to 15 pm diameter. Substrate is surface grafted 
with carboxylIc acid and/or phosphoric acid functionalized 
monomers. Capadty not less than 500 pEg/column. [NOTĘ— 
AvaiJabie as lonPac CS14 distributed by Dionex Corp. 
(www.dionex.com).] 


Change to read: 

L54—A size exclusion medium madę of cova!ent bonding of 
dextran to highly cross-linked porous agarose beads, 

A 5-15 ausmo pm in diameter. 

[Notę—A vai3abfe as 5uperdex Peptide HR 10/30 from 
w w w. gel ifesdences.com .] 

L55—A strong cation-exchange resin madę of porous silica 
coated with pofybutadiene-maleic acid copolymer, about 5 
pm in diameter. [NOTĘ—Available as IC-Pak C M/D from 
Waters Corp, (www.waters.com).] 


Change to read: 

L56— Propyl silane Chemical ly bonded to totally A or 
superficially A wjo porous silica particles, 3-1 0 pm in diame¬ 
ter. [Notę—A vailable as Zorbax 5B-C3 from Agilent Technol¬ 
ogies (www.agilent.com/chem).] 

L57—A chiraf-recognition protein, ovomueoid, chemically 
bonded to silica particles, about 5 pm in diameter, with a 
porę size of 120 A, [NOTĘ—Availabie as Ultron E.S-ÓVM from 
Agilent Technologies (www.agilent.com/chem).] 

LS8—Strong cation-exchange resin consisting of sulfonated 
cross-linked styrene-divinylbenzene copolymer in the sodium 
form, about 6 to 30 pm in diameter. [Notę—A vallable as 
Aminex HPX-87N from Bio-Rad Laboratories, (2000/01 cata- 
log, #125-0143) www.bio-rad.com.] 

159—Packing for the size-exclusion separation of proteins 
(separatlon by molecular weight) over the rangę of 5 to 
7000 kDa. The packing Es a spherical 1.5- to 10-pm silica or 
hybrid packing with a hydrophilic coating. 

L60—Spherical, porous silica gel, 1 0 pm or less in diameter, 
the surface of which Has been covalently modified with alkyf 
amide groups and endcapped. [Notę—A vaifable as 


Supelcosil LC-ABZ from Supeico (www.sigmaafdrich.com/ 
supeico).] 

161—A hydroxide selective strong anion-exchange resin 
consisting of a highly cross-linked core of 1 3-pm p micro- 
porous particles havinq a porę size less than 10 A units and 
consisting of ethyMnyTbenzene cross-ii nked with 55% 
diviny!benzene with a latex coating composed of 85-nm di¬ 
ameter microbeads bonded with alkanol guaternary ammo- 
nium ions (6%). [NOTĘ—Availabie as lon Pac AS-11 and AG- 
11 from DIonex (www.dionex.com).] 

L62—C30 silane bonded phase on a fufiy porous spherical 
silica, 3 to 15 pm in diameter. 

L63—Glycopeptide teicpplanin linked through multiple co- 
valent bonds to a 100-A units spherical silica. 

[NOTĘ—Aval!abie as Astec ChiroDiotic T from Supeico (www. 
sigmaaidrich.com).] 

L64—Strongly basie anion-exchange resin consisting of 8% 
cross-linked styrene-divinyfbenzene copolymer with a gua¬ 
ternary ammonium group in the chloride form, 45 to 1 80 
pm in diameter. [NOTĘ—A suitable grade is avaifable as AG 
1-X8 resin chloride form from www.discover.bio-rad.com.] 

L65—Strongly addic eatlon-exchange resin consisting of 2% 
sulfonated cross-linked styrene-divinylbenzene copolymer 
with a sulfonie acid group En the hydrogen form, 45-250 
pm in diameter. [Notę—A suitable grade is avallabfe as AG 
50W-X2 resin hydrogen form from www.bio-rad.com.] 

L66—A crown ether coated on a 5-pm particie size silica gel 
substrate. The active site is (5J-18-crown-ó-ether. [NOTĘ— 
Available as Crownpak CR(+) from www.chiraltech.com.] 

L67—Porous vinyl alcoho! copolymer with a Cl 8 alkyl group 
attached to the hydroxyl group of the poły mer, 2 to 1 0 pm 
In diameter. [Note—A vailab!e as apHera Cl 8 from Supeico 
(www.sigmaaldrich.com).] 

L68—Spherical, porous silica, 10 pm or less in diameter, the 
surface of which has been covalently modified with alkyl 
amide groups and not endcapped, [NoTE“Available as 
SUPELCOSIL 5UPLEX pKb-100 from Supeico 
(www.sigmaaldridi.com).] 

L69—Ethy!vinylbenzene/divinylbenzene substrate agglomer- 
ated with guaternary aminę functionalized 130-nm latex 
beads, about 6,5 pm in diameter. [Note-—A vailable as 
CarboPac PA20 from www.dionex.com.] 

L70—Cellulose tris(phenyl carbamate) coated on 5-pm silica. 
[Note—A vaiJab!e as Chiralcei OC-H from www.chiraltech. 
com.] 

L71—A rigid, spherical poiymetacryfate, 4 to 6 pm in diam¬ 
eter. [Note—A vailab!e as RSpak DE-ól 3 from www.shodex. 
com.] 

L72—(5)-phenyIglycine and 3,5-dinitroanaline urea linkage 
covalently bonded to silica, 

[Note—A vailabie as SumichiraJ OA-3300, distributed by 
www.phenomenex.com.] 

L73—A rigid spherical poiydivinylbenzene particie, 5 to 
10 pm in diameter, [NOTE“Available as jordi-Ge! DBV from 
www.jordiflp.com.] 

L74—A strong anion-exchange resin consisting of a highly 
cross-linked core of 7-pm macroporous partiefes having a 
100-A average porę size and consisting of ethylvlnyfbenzene 
cross-linked with 55% dEvinylbenzene and an anion-ex- 
change layer grafted to the surface, which is functionafized 
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with alkyl quaternary ammonium ions. [Notę —Available as 
IonPac AST 4A from Dionex {www.dtonex.com). ] 

L75—A chiral-retognition protein, bovine serum albuminę 
(B5A), chemicalfy bonded to silica particles, about 7 pm in 
diameter, with a porę size of 300 A* 

L76—Silica-based, weak catiQn-exchange materiał, 5 um in 
diameter. Substrate is surface polymerized 
polybutadiene-maleie aeid to provide carboxylic acid func- 
tionalities, Capacity not less than 29 pEq/column. [Notę— 
Available as Metrosep C4-250 from Metrohm (www.me- 
trohm.com)J 

L77—Weak cation-exchange resin consisting of 
ethylvinylbenzene, 55% cross-linked with d i vinyl benzene co- 
poły mer, 6- to 9-pm diameter. Substrate is sunące grafted 
with carboxylic acid functionalized groups. Capacity is not 
less than 500 pEq/co1umn (4 mm x 25 cm). 

L78—A silane ligand that conslsts of both reversed-phase 
(an alkyl chatn longer than C8) and anion-exchange (pri- 
mary, secondary, or tertiary amino groups) functlonat 
groups chemically bonded to porous or nonporous silica or 
ceramic microparticles, 1.0-50 pm in diameter, or a mono- 
lithic rod. [NOTĘ—Availabie as Acctaim Mixed-Mode WAX-1 
from Thermo Fisher (www.thermofrsher.com).] 

L79—A chiral-recognition protein, human serum albumin 
(HSA), chemically bonded to silica particles, about 5 pm in 
diameter. 


C hangę to read: 

L80—Celtulose tris(4-methylbenzoate)-coated / porous, 
spherical, silica partides, *5-20* pm in diameter. 

LSI—A hydroxide-selective, strong anion-exchange resin 
consisting of a highly cross-linked, core of 9-pm porous par- 
ticles having a porę size of 2000 A and consisting of 
ethvlvinylbenzene cross-linked with 55% divinylbenzene 
with a latex coatlng composed of 70-nm diameter rnicro- 
beads (6% cross-linked) bonded with alkano! guaternary 
ammonium ions. [Notę—A suitable column is Dionex ionPac 
A511-HC available from www.thermofisher.com.] 

L82—Polyamine chemically bonded to cross-linked polyvinyl 
alcohot poły mer, 5 Lim in diameter. [NOTĘ—Avatlable as 
Asa hi pak NH2P-50 from www.shodex.com.] 

L83—A hydroxide-sefective, strong anton-exchange resin- 
quaternary aminę bonded on latex particles attacned to a 
core of 10.5-pm microporous particles of 10-A porę size, 
and consisting of ethylvinylbenzene cross-linked with 55% 
divinylbenzene. 

L84—Weak cation-exchange resin consisting of 
ethyvinylbenzene, 55% cross-linked with divinylbenzene co- 
polymer, 5 pm in diameter. Substrate is surface grafted with 
carboxylic acid functionalized groups. Capacity MLT 8400 
pEg/column (5-mm x 25-cm). 

L85—A silane ligand that consists of both reversed-phase 
(an alkyl chatn longer than C8) and weak cation-exchange 
(carboxyl groups) functional groups chemically bonded to 
porous or nonporous particles, 1.0-50 pm in diameter. 

L86—A 5-pm fused core particie with a highly polar ligand 
possesslng 5 hydroxyl groups tethered to the silica gefouter 
layer. [Notę— A suitable column is Supelco Ascentis Express 
OH5 from www.sigma-aldrlch.com.] 


L87—Dodecyl silane chemically bonded to porous silica par¬ 
ticles, 1.5-10 pm in diameter. 

L88—Glycopeptide yąncomycin linked through multiple co- 
valent bonas to 100 A spherical silica. 

L89—Packing having the capacity to separate compounds 
with a molecular rangę from 100 to 3000 (as determined by 
polyethylene oxide), applied to neutral and anionie water- 
solubfe polymers. A pdymethacrylate resin base, cross-linked 
with polyhydroxylated ether (surface contains some residua! 
cationic functional groups). 


Add the followtng; 

*190—Amylose tns-[(5W-methylbenzyl]carbamate coated 
on porous, spherical silica particles, 3-10 pm in diameter. 

AUSP4D 


Add the foltowłng; 

*L91—Strong anion-exehange resin consisting of monodis- 
perse polystyrene/dMnyl benzene beads coupled with 
quartenary aminę. Bead size is 10 pm. [Notę— A suitable 
column is available as Mono Q 5/50 GL from http://www, 
genfesciences.com/webapp/wc5/stores/servlet/product8yId/ 
en/CELifeSciences-us/17516601 Jaiotw 

L92—A strong anron-exchange resin consisting of highly 
cross-linked 5- to 9-pm macroporous particles havinq a 
100-A average porę size and consisting of ethyMnylbenzene 
cross-linked with 55% divinylbenzene and an anion-ex- 
change layer grafted to the surface, which is functionalized 
with alkano! quarternary ammonium ions, 

L93—Cellulose tris(3,5-dimethylphenylcarbamate) reversed- 
phase chiral stationary-phase coated on 3- or 5-um silica qel 
particles. 

L94—A strong anion-exchange resin consisting of highly 
cross-linked 15-pm microporous particles functionalized with 
very Iow cross-linked latex (0.5%) to provide alkanol guarte- 
nary ammonium ion exchange sites. 

L95 (Metoprolol Succinate, Halo Penta-HJLIC)—A highly 
polar alkyl ligand comprising five hydroxyl groups that are 
chemically bonded to totally porous or superficially porous 
silica or a monolithic silica rod. 

L96—Alkyl cham, reversed-phase bonded totally or superfi¬ 
cially to porous silica designed to retain hydrophilic and 
other polar compounds when usrng highly aqueous mobile 
phase, including 100% aqueous, 1.5-10 pm in diameter. 

L97 (Succlnylchollne Chlor ide, Dionex Ion Pac CS 19)— 
Weak cation-exchange resin consisting of a highly cross- 
linked „core of 5.5-pm porous particles having a porę size of 
2000 A units and consisting ot ethy(vinylbenzene cross- 
linked with 55% divinylbenzene. Substrate is surface grafted 
with carboxylic acid functionalized groups. Capacity NLT 
2400 pEq/column (4-mm x 25-cm). 

L98 (Sucdnylcholine Chloride, Dionex IonPac CG19)— 
Weak cation-exchange resin consisting of a highly cross- 
linked core of 8.0-prp microporous particles having an aver- 
age porę size of 10 A units and consisting of 
etnylvinylbenzene cross-linked with 55% diviny)benzene. 
Substrate is surface grafted with carboxylic acid functional¬ 
ized groups. Capacity of NIT 46 pEq/column (4-mm x 
5-cm). 


Reagents 
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LI01—Choiesteryl groups chemicaily bond€d to porous or 
nonporous silica or ceramic mlcroparticles, 1.5-10 jim in di- 
ameter, or a monolithic rod. 

Phases 


G1—Dimethylpolysiloxane oiL 

G 2 —DimethylpafysilQxane gum. 

G3—50% Phenyl-50% methylpolysiloxan€. 

G4—Diethylene glycol succinate polyester. 

G5—3-Cyanopropylpolysi]oxane. 

G 6 —Trif luoropropy [methy I polysil oxane. 

G7—50% 3-Cyanopropyl-50% phenyl methy [silicone. 

G8—80% Bls(3-cyanopropyl)-20% 3-cya~ 
nopropylphenylpoly“Siloxane (percentages refer to molar 
substitution), 

C9 —Methy3vinylpoiysiloxane. 

G10—Polyamide formed by reacting a C 3 * dicarboxylic acid 
with 1,3-aM-piperidylpropane and piperidine in the respec- 
tive mole ratios of 1.00:0.90:0.20. 

Gil—Bis(2-ethylhexyl) sebacate polyester. 

G12—Phenyldiethanolamine succinate polyester, 

G13—Sorbitoi. 

G14—Polyethylene glycol (av, mol. wt, of 950 to 1050). 

G15—Polyethylene glycol (aw mol wt. of 3000 to 3700). 

Cl 6 —Polyethylene glycol compound (av, mol. wt. about 
15,000). A high molecofar weight compound of polyethyl¬ 
ene glycol with a dlepoxide lin Ker [Notę—A vailab!e com- 
merdally as Polyethylene Glycol Compound 20M, or as 
Carbowax 2OM, from suppliers of chromatographic 
reagents.] 

G17—75% Phenyl-25% methylpolysiloxane. 

G18—Polyalkylene glycol. 

G19—25% Phenyl-25% cyanopropyh50% methylsificone, 
G20—Polyethylene glycol (av. mol, wt. of 380 to 420). 

G21—Neopentyl glycol succinate, 

G 22 —Bis( 2 -ethylhexyl) phthalate. 

G23—Polyethylene glycol adipate. 

G24—Diisodecyf phthalate. 

G25—Polyethylene glycol compound TPA. A high molecular 
weight compound of a polyethylene glycol and a diepox 
Ide that is esterified with terephthaiic acid. 

[Notę—A vailable commerciafly as Carbowax 20M-TPA 
from suppliers of chromatographic reagents,] 

026—25% 2-CyanoethyL75% methylpolysiloxane. 

G27—5% Phenyl-95% methylpolysiloxane. 


G28—25% Phenyl-75% methylpolysiloxane, 

G29—3 ; 3'-Thiodipropionftrile, 

G30—Tetraethylene glycol dimethyl ether. 

G31—Nonylphenoxypoly(ethyleneoxy)ethanol (av. ethylene- 
oxy chain length is 30); Nonoxynof 30. 

G32—20% Phenylmethyl-80% dlmethylpolyslloxane. 

G33—20% Carborane-80% methylsilfcone. 

G34—Diethylene glycol succinate polyester stabllized with 
phosphonc acid, 

G35—A high molecular weight compound of a polyethylene 
glycol and a dfepoxlde that Is esterified with nitro ter¬ 
ephthalic acid. 

G3ó—1% Vmyl-5% phenylmethylpolysiloxane, 

G37—Polyimide. 

G38—-Phase G1 containing a smali percentage of a tailing 
inhibitor. 

[Notę—A suitable grade is avai!able commercially as 
"SP2100/0.1% Carbowax 1500" from Supelco, Inc. (www. 
sigmaaldrlch,com/supeico).] 

G39—Polyethylene glycol (av. mol. wt. about 1500), 

G40—Ethylene glycol adipate. 

G41—PhenylmethyldimethyIsilicone (10% phenyl-substi- 
tuted). 

G42—35% phenyl-65% dimethylpolysiloxane (percentages 
refer to molar substitution). 

G43—6% cyanopropylpheny!-94% dimethyl poły slloxane 
(percentages refer to molar substitution). 

G44—2% Iow molecular weight petrolatum hydrocarbon 
grease and 1% soiution of potasslum hydroxide. 

G45—Divinyfbenzene-ethylene glycol-dimethylacrylate. 

G46—14% Cyanopropylphenyl-86% methy!polysiloxane, 

G47—Polyethylene glycol (av. mol, wt. of about 8000). 

G48—Hlghly polar, partially cross-linked cyanopolysiloxane. 

Supports 

[Notę—U n less otherwise spedfied, mesh sizes of 80 to 
100 or, afternatively, 100 to 120 are intended.] 

51A—Siliceous earth for gas chromatography has been flux- 
calcfned by mixinq diatomite with Na 2 CO^ fiux and calcin- 
Eng above 900 D . Tne siliceous earth is add-washed, then 
water-washed until neutral, but not base-washed, The sili¬ 
ceous earth may be sllanized by treating with an agent such 
as dimethyldichlorosllane [Notę—U nless otherwise specifled 
in the rndividual monograph, silanized support is intended.] 
to mask surface sitanol groups. 

SI AB—The siliceous earth as descrlbed above is both acid- 
and base-washed. [Notę—U nless otherwise specifled in the 
individuaJ monograph, silanized support Is intended.] 
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SIC—A support prepared from crushed firebrick and cal- 
cined or burned witn a clay binder above 9G0* with subse- 
quent acid-wash. It may be silanized* 

5 ID—A support prepared from crushed firebrick and 
calcinated or burned with a clay binder above 900°, not 
add washed. It may be siianized. 

S1NS—The sificeous earth is untreated, 

52— $tyrene-divinylbenzene copolymer having a nominał 
surface area of less than 50 m 2 per g and an average porę 
diameter of 0.3 to 0.4 pm* 

53— Copolymer of ethyfvinylbenzene and dmnylbenzene 
having a nominał surface area of 500 to 600 m 2 per g and 
an average porę diameter of 0.0075 pm* 

54— Styren e - d i viny I benzene copolymer with aromatic -O 
and -N groups, ha ving a nominał surface area of 400 to 
600 m 2 per g and an average porę diameter of 0,0076 pra 

55 — 40- to 60-mesh, high-molecular weight tetrafluorethyh 
ene polymer. 


56— Styrene-divinylbenzene copolymer having a nominał 
surface area of 250 to 350 m’ per g and an average porę 
diameter of 0.0091 pm, 

57— Craphitized carbon havmg a nominał surface area of 12 
m 2 per g. 

58— Copolymer of 4-vinyl-pyridine and styrene- 
divinylbenzene. 

59— A porous polymer based on 2,6-diphenybp-phenylene 
oxide. 

510— A highly polar cross-linked copolymer of acrylonitrite 
and diYinyfbenzene. 

511— Craphitized carbon having a nominał surface area of 
100 m 2 per g modified with smali amounts of petrolatum 
and polyethylene glycol compound. 

512— Craphitized carbon having a nominał surface area of 
100 nrri per g. 


Reagents 
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Reference Tables 


CONTAINERS FOR DISPENSING CAPSULES 
AND TABLETS 

The following table is provided as a reminder for the 
pharmacist engaged in the typical dispensing situation who 
already is acquainted with Ehe Pockoging ona Storoge re- 
guirements set forth in the individuaT monographs. It fists 
tne capsules and tablets that are official in tfie United States 
Pharmacopeia and indicates the relevant tight (T), weli- 
closed (W), and lighl-resistant (LR) specifications applicabte 
to containers in wnich the drug that is repackaged should 
be dispensed, 

This table is not intended to replate, nor should it be 
interpreted as repiacing, the defmitive requirements stated 
in the individua! monographs. 


Container Specifications for Capsules and Tablets 


Monograph Title 

Container 
Specif kation 

Abacawir Tablets 

W 

Ab t xavtr and Lamivudrne Tablets 

T, LR 

Abiraierone Acetale Tablets 

T 

Acebutolol Hydrochloride Capsules 

T 

Aceoromazlne Maleate Tablets 

T, LR 

Ac eta mi no oh en Capsules 

T 

Acetaminophen Tablets. Extended-Release 

T 

Acetaminophen Tablets 

T 

Acetaminophen and Aspirrn Tablets 

T 

AcetaminoDben. Aspirin, and Caffeine Tablets 

T 

Acetaminophen and Caffeine Tablets 

T 

Acetaminophen and Salts of Chlorpheniramine, 
DexLromethorphan, and Pseudoephednne, 
Capsules Containing at Least Three of the 
Following— 

T 

Acetaminophen and Salts of Cblorpheniramine, 
Dextrornetharphan, and Pseudoephednne, 

Tablets Containing at Least Three of the 

Followtnq— 

T 

Acetaminophen, Chforpheniramine Maieate, and 
Dextmmethorphan Hydrobromide Tablets 

T 

Acetaminophen and Codeine Phosphafe Capsules 

T, LR 

Acetaminophen and Codeine Phosphate Tablets 

T, LR 

Acetaminophen and Di phen hydra minę Citrate 
Tablets 

T 

Ace t a mi n op h en, Dip h en hy dra m ine 

Hydrochloride, and Pseudoephednne 
Hydrochloride Tablets 

T 

Acetaminophen and Pseudoephednne 
Hvdrochloride Tablets 

T 

Acetaminophen and Tramadol Hydrochloride 

Tablets 

T 

Acetazolamide Tablets 

T 

Acetobexamide Tablets 

W 

Acetohydroxamic Acid Tablets 

T 

Ad tret in Capsules 

W. LR 

Acycloytr Capsules 

T 

Acvdov3r Tablets 

T 

Albendazole Tablets 

T 

AlbuLerol Tablets 

T, LR 

AlbuteroJ Tablets, Extended-Release 

T, IR 


Container Specifications for Capsules and Tablets (Contmued) 


M o non rap h Title 

Container 

Soedfication 

Afendronate Sodium Tablets 

T 

Alfuzosin Hydrochloride Tablets* 

Ex tended-Release 

LR 

Allopurinol Tablets 

W 

Almo tri ptan Tablets 

T, LR 

Alprazolam Tablets 

T, LR 

Alprazolam Tablets, Extended-Re3ease 

T, LR 

AJorazolam Tablets, Orally Disintearatino 

T 

Altretamine Capsules 

Ł LR 

Alumina and Magnesia Tablets 

W 

Al u mina, Magnesia, and Calcium Ca rb o na te 

Tablets 

W 

Alumina, Magnesia, Calcium Carbonate, and 
Simethicone Tablets 

W 

Alumina, Magnesia, and Simethitane Tablets 

w 

Alumina and Magnesium Carbonate Tablets 

T 

Alumina, Magnesium Carbonate, and 

Maaneslum Oxide Tablets 

T 

Alumina and Magnesium Trisilleate Tablets 

W 

Aluminum Carbonate Cel, Dried Basic, Caosules 

W 

Aluminum Carbonate Cel. Dried Basic, Tablets 

W 

Aluminum Hvdroxide GeL Dried, Capsules 

w 

Aluminum Hvdroxide Cel, Dried, Tablets 

w 

Amantadine Hydrochloride Capsules 

T 

Amiloride Hydrochloride Tablets 

W 

Amiloride Hydrochloride and Hydrochlorothiazide 
Tablets 

w 

Aminobenzoate Potassium Caosuies 

w 

Aminobenzoate Potassium Tablets 

w 

Aminocaproic Acid Tablets 

T 

Aminoolutethimide Tablets 

T, LR 

Aminopentamide Sulfate Tablets 

W 

Aminophylline Tablets 

T 

Aminophylline Tablets. Delayed-Release 

T 

Aminosalfcylate Sodium Tablets 

T, LR 

Aminosalicylit Acid Tablets 

T, LR 

Amitriptyline Hydrochloride Tablets 

W 

Amlodipine and Benazepril Hydrochloride 

Capsules 

W 

Amlodipine Besylate Tablets 

T. LR 

Amlodipine and Valsartan Tablets 

T 

Amlodipine, Valsartan r and Hydrochlorathlazlde 
Tablets 

T 

Ammonium Chloride Tablets, Delayed-Release 

T 

Amodiaquine Hydrochloride Tablets 

T 

Amoxaoine Tablets 

W 

Amoxidłlin Capsules 

T 

Amoxicillin Tablets 

T 

Amoxidllin and CIavulanate Potassium Tablets 

T 

Amoxicilltn and Qavulanie Acid Tablets, 
Extended-Release 

T 

Amphetamine Sulfate Tablets 

W 

Am pici 1 lin Capsules 

T 

Amuicillin Tablets 

T 

Anaarelide Capsules 

T, LR 


Reference Tables 






















































































Reference Tables 


2444 Container Specifications / Reference Tables 


USP 40 


Container Specifications for Capsules and Tablet* (Continued) 


Monograph Tif le 

Container 
Specif kation 

A nas trozole Tablets 

T 

Anilendine Hydrochloride Tablets 

T, LR 

Apomorphine Hydrochloride Tablets 

T. LR 

Aprepitant Capsules 

T 

Arginine Capsules 

T, LR 

■ Arginine Tablets 

T, LR 

Aripiprazole Tablets 

T 

Aripiprazole Tablets, Oratly Disintegrating 

T 

Astorbic Acid Tablets 

I, LR 

Aspirin Capsules 

T 

Aspirin Capsules, Defayed-Reiease 

T 

Aspirin Tablets 

T 

Aspirin Tablets, Buffered 

T 

Aspirin Tablets, Delayed-Release 

I 

Aspirin Tablets, E ff en/esc en t for Orał Solution 

T 

Aspirin Tablets, Extended-Release 

ht{ f- *■! 

Aspirin, Alumina, and Macinesia Tablets 

T 

Aspirin, Alu mina, and Magnesmm Oxide Tablets 

T 

Aspirin, Caffeine, and Dihydrocodeine Bitartrale 
Capsules 

T 

Aspirin and Codeine Phosphate Tablets 

W, LR 

Aspirin, Codeine Phosphate, Alumina, and 

Magnes! a Tablets 

W. LR 

Astemizoie Tablets 

T 

Atenolol Tabiets 

W 

Atenolol and Chlorthalidone Tablets 

W 

Atomoxetine Capsules 

W 

Atropinę Sulfate Tablets 

w 

Azatadine Mafeate Tabiets 

w 

Azathioprine Tablets 

LR 

Azithromydn Capsules 

W 

Azith romydn Tablets 

T 

Bacampicillin Hydrochloride Tablets 

T 

Badofen Tablets 

W 

Balsa lazł de Di sod tum Capsules 

I 

Barium Suffate Tablets 

W 

Belladonna Extract Tablets 

T. LR 

BenazeprN Hydrochloride Tablets 

W 

Bendroflumethiazlde Tablets 

T 

Benzonatate Capsules 

T, LR 

Benztropine Mesylate Tablets 

W 

Beta Carotene Capsules 

T, LR 

B e ta me th a sonę Tablets 

T 

Betaxotol Tablets 

T 

Bethanechol Chloride Tablets 


Bicalutamide Tablets 

T 

Biotin Capsules 

T, LR 

Biotin Tablets 

T LR 

Detete the folfowing: 

A Biperiden Hydrochloride Tablets 

Ta UHP40 

Blsacodyl Tablets 

T 

Bisacodyl Tablets, Delayed-Release 

W 

, Bismuth Subsalicylate Tablets 

T 

Bisoprolol Fumarate Tablets 

T, LR 

Bisoprolol Fumarate and Hydrochlorothiazide 

Tablets 

W 

Black Cohosh Tablets 

T. LR 

Bo ragę Seed Gil Capsules 

T, LR 

Bromocriptine Mesylate Capsules 

T, LR , 

Bromocriptine Mesylate Tablets 

T. LR 


Container Specifications for Capsules and Tablets (Continued) 


IV3onoqraph Title 

Container 

Specifitation 

Brompheniramine Maleate Tablets 

T 

B urn etan id e Tablets 

T, LR 

Bupropion Hydrochloride Tablets, Extended- 
Release 

W 

Busoirone Hydrochloride Tablets 

T, LR 

Susulfan Tablets 

W 

Butabarbital Sodium Tablets 

T 

Butalbital, Acetaminophen, and Caffeine Capsules 

T 

Butalbital, Acetaminophen, and Caffeine Tablets 

T 

Butalbital and Aspirin Tablets 

T 

Butalbital, Aspirrn, and Caffeine Capsules 

T 

Butalbital, Aspirin, and Caffeine Tablets 

T 

Butalbital, Aspirin, Caffeine, and Codeine 

Phosphate Capsules 

T, LR 

Caberaoline Tablets 

T, LR 

Calcifediol Capsules 

T . LR 

Calcium with Vitamin D Tablets 

T, LR 

Calcium Acetate Tablets 

W 

Calcium Carbonate Tablets 

W 

Calcium Carbonate and Magnesia Tablets 

W 

Calcium Carbonate and Magnesia Chewable 

Tablets 

w 

Calcium Citrate Tablets 

w 

Calcium and Macinesium Carbonates Tablets 

w 

Calcium Gluconate Tablets 

w 

Calcium t-S-MelhylteirahydroFolate Capsules 

T r LR 

Calcium L-5-Methyl tetra hyd rolo tatę Tablets 

T, LR 

Calcium Lactate Tablets 

T 

Caidum Pantothenate Tablets 

T 

Calcium Phosphate, Di basie Tablets 

W 

Candesartan Cilexetr1 Tablets 

T, LR 

Candesartan Cilexeti3 and Hydrochlorothiazide 
Tablets 1 

T. LR 

Capecitabine Tablets 

W łl 

Captopril Tablets 

T 

Captopril and HydrochJorothiazide Tablets 

T 

Carbamazepine Tablets 

T 

Carbamazepine Tablets, Extended-Release 

T 

Carbenicillin Indanyl Sodium Tablets 

T 

Car bido pa and Levodooa Tablets 

W, LR 

Carbide pa and Levodopa Tablets, 

Extended-Release 

W. LR 

Carbidopa and Levodopa Tablets, 

Orally Dislntectratang 

W. LR 

Carbinoxamine Maleate Tablets 

T, LR 

! Urea C14 Capsules 

T 

Carboxymethylcellulose Sodium Tablets 

T 

Carisoprodol Tablets 

W 

Carisoprodol and Aspirin Tablets 

W 

Carisoprodol, Aspirin, and Codeine Phosphate 
Tablets 

W 

Carprofen Tablets 

T 

Carteoiol Hydrochloride Tablets 

T 

Carvedilol Tablets 

T, LR 

Cascara Tablets 

T, W 

Castor Oil Capsules 

T 

Cads Claw Capsules 

T, LR 

Cads Claw Tablets 

T, LR 

Cefaclor Capsules 

T 

Cefaclor Tablets, Chewable 

T 

Cefador Tablets, Extended-Release 

T, LR 

1 Cefadroxif Capsules 

T 
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Container Specifications for Capsułei and Tablets (Concinuedj 


Monooraph Title 

Container 

5 pet if kation 

Cefadroxll Tablets 

T 

Cefdinir Capsules 

X LR 

Cefiaime Tablets 

T 

Cefpodoxime ProxetN Tablets 

T 

Cefprozil Tablets 

T 

Cefuroxime Axetil Tablets 

W 

Cephalexfn Capsules 

T 

Cephalexln Tablets 

T 

Cephradine Capsules 

T 

Ceohradine Tablets 

T 

Cetirizine Hydrochloride Tablets 

W 

Cetirizine Hydrochloride Tablets, O rally 
Disinieqratinq 

T 

Cetirizine Hydrochloride and Pseudoephedrlne 

Hvdrochloride Tablets. Extended’Release 

W 

Chlora! Hydra te Capsules 

T 

Chlorambucil Tablets 

W, LR 

Chloramphenicol Capsules 

T 

Chloramphenicol Tablets 


Chlordiazepoxide Tablets 

T, IR 

Chtordiazepoxide and Aml tri pty linę 

Hydrochloride Tablets 

T. LR 

ChlordiazeDOxide Hydrochloride Caosuies 

T. LR 

Chlordiazepoxide Hydrochloride and Clidinium 
Bromtde Capsules 

X LR 

Chloroautne Phosphate Tablets 

W 

Chlorothiazide Tablets 

W. LR 

Chforpheniraminę Maleate Capsules, Extended- 
Release 

T 

Chlor pheniramine Maleate Tablets 

T 

Chlorphentramine Maleate and Pseudoephedrine 
Hydrochloride Capsules. Extended-Release 

X LR 

Chlorpromazine Hydrochloride Tablets 

W. LR 

Gilororooamide Tablets 

W 

Chlortetracydine Hydrochloride Tablets 

X LR 

Chlorthalidone Tablets 

W 

Chlorzoxazone Tablets 

T 

Chiorzoxa 2 one and Acetaminophen Caosuies 

T 

Cholecatciferol Caosuies 

X LR 

C hond roi tln Sulfate Sodium Tablets 

X LR 

Chrornśum Picolinate Tablets 

W 

Cimetidine Tablets 

T. LR 

CNostazol Tablets 

X LR 

Cinoxacin Capsules 

W 

Oofoflooadn Tablets 

W 

Qprofloxadn Tablets, Extended-Release 

T 

Citalopram Tablets 

W 

Clarithromycln Tablets 

T 

Clarithromycfn Tablets. Extended-Release 

W 

Clernastine Fu ma ratę TableLs 

W 

CNndamycin Hydrochloride Capsules 

T 

Clofazimine Capsules 

W 

Clofibrate Capsules 

W, LR 

Clomiphene Ci tratę Tablets 

W 

Clomipramine Hydrochloride Capsules 

W 

Clonazepam Tablets 

I, LR 

Clonazepam Tablets, Orally Disinteoratino 

W, LR 

Clonidine Hydrochloride Tablets 

W 

Clonidine Hydrochloride and Chlorthalidone 

Tablets 

W 

Clopfdoorel Tablets 

W 

Gorazepate Dipotassium Tablets 

X LR 


Container Specifications for Capsules and Tablets (Continued) 


Monoqraph Titie 

Container 
Specif kation 

Gotrimazole Tablets. Vaolnal 

W 

Red Clover Tablets 

X LR 

Cloxaci!lin Sodium Caosuies 

T 

Cfozaoine Tablets 

W 

Cyanocobalamin Co 57 Caosuies 

W, LR 

Cyanocobalamin Co 58 Capsules 

W, LR 

Cocaine Hydrochloride Tablets for Topicat 

Solution 

W, LR 

Codeine Phosphate Tablets 

W. LR 

Codeine Sulfate Tablets 

W 

Cofestrpol Hydrochloride Tablets 

T 

Cortisone Acetate Tablets 

W 

CromoJyn Sodium for fnhafatlon fin Capsules} 

X LR 

Ciyothecodinium cohnii ON Caosuies 

T, LR 

Curcumlnoids Caosuies 

W, LR 

Curtunmnoids Tablets 

W, LR 

Cyanocobalamin Tablets 

X LR 

Cydlzine Hydrochloride Tablets 

X LR 

Cyclobenzaprine Hydrochloride Capsules, 

Extended-Release 

X LR 

Cyclobenzaprine Hydrochloride Tablets 

W 

Cydoohosphamide Tablets 

T 

Cycloserine Capsules 

T 

CyclosDorine Capsules 

T 

Cvoroheotadine Hydrochloride Tablets 

W 

Danazol Capsules 

W 

, DanLrolene Sodium Capsules 

T 

Dapsone Tablets 

W, LR 

Dehydracholic Acid Tablets 

W 

Demedocycline Hydrochloride Capsules 

T. LR 

Demedocvdine Hydrochloride Tablets 

X LR 

Desioramioe Hydrochloride Tablets 

T 

Desloratadine Tablets 

T 

Desloratadine Tablets, Orally Disinteoratina 

T 

Desooestrd and Ethinyl Estradiol Tablets 

W 

Dexamethasone Tablets 

W 

Dexchlorphentramine Maleate Tablets 

T 

Dextroamphetamine Sulfate Capsules 

T 

Dextroamph eta minę Sulfate Tablets 

W 

Dlazepam Capsules 

X LR 

Diazepam Capsules, Extended-Release 

T, LR 

Dlazepam Tablets 

I LR 

Diazoxlde Capsules 

W 

Dichlorphenamide Tablets 

W 

Dlclofenac Potassium Tablets 

X LR 

Didofenac Sodium Tablets. Del a ved-Release 

X LR 

Didofenac Sodium Tablets. Extended-Refease 

W 

Didofenac Sodium and Misoprostol Delayed- 
Release Tablets 

T 

Dicloxacillin Sodium Capsules 

T 

Dicydomine Hydrochloride Capsules 

W 

Dicyelomine Hydrochloride Tablets 

W 

Didanosine Capsules, Delayed-Release 

W 

Didanosine Tablets for Orał Susoension 

T 

Diethylcarbamazine Citrate Tablets 

T 

Diethylorooion Hydrochloride Tablets 

W 

Diethylstilbestrol Tablets 

W 

Diflunisal Tablets 

w 

Diaitalis Capsules 

T 

Dioitalis Tablets 

T 

DiaStoxin Tablets 

W 
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USP 40 


Container Specifications for Capsules and Tablets (Gontinued) 


iVlonoQraph Title 

Container 

5 pecif kation 

Dtqoxin Tablets 

T 

D ihvd ro tac h vstero f Ca psu les 

W. LR 

Dihydrotachysterol Tablets 

W. LR 

Dihvdroxyaluminum Sodium Carbonate Tablets 

W 

Diltiazem Hydrochloride Tablets 

T, LR 

Diltiazem Hydrochlortde Ca psułem Extended- 
Release 

T 

Dimenhydnnate Tablets 

W 

Dichenhydramine Citrate and Ibuprofen Tablets 

T 

1 Diphenhydramine Hydrochloride Capsules 

: jtfpk 

Diphenhydramine Hydrochloride and 

Ibuprofen Capsules 

T 

Diphenhydramine and Phenylephrine 
Hydrochlorldes Tablets 

T 

Diphenhydramine and Pseudoephedrine Capsules 

T 

Piphenoxylate Hydrochloride and Atropinę 

Sulfate Tablets 

W. LR 

Dipyridamole Tablets 

T, LR 

Dirithromydn Tablets, Delayed-Release 

T 

Disopyramide Phosphate Capsules 

W 

Disopyramide Phosphate Capsules, Extended- 
Release 

W 

Disulfiram Tablets 

T, LR 

Diva[proex Sodium Capsules, Delayed-Release 

T. LR 

Divalproex Sodium Tablets, Delayed-Release 

T, LR 

Diyalproex Sodium Tablets, Extended-Release 

W 

Docusate Ca3dum Capsules 

T 

Docusate Potassium Capsules 

T 

Docusate Sodium Capsules 

T 

Docusate Sodium Tablets 

W 

Donepezil Hydrochloride Tablets 

W 

Donepezil Hydrochloride Tablets, Orally 
Disinteqratinq 

W 

Doxazosin Tablets 

T 

Doxepin Hydrochloride Capsules 

W 

Doxycycline Capsules 

T, LR 

Doxvcvdine Capsules, Extended-Release 

T, LR 

Doxvcvdine Hvdate Caosules 

TL LR 

Doxycydine Hycla te Capsules, Delayed- 
Release 

T. LR 

Doxvcvcline Hyclate Tablets 

T, LR 

Doxycycllne Hyclate Tablets, Delayed-Release 

T. LR 

Doxycydine Tablets 

T. LR 

Doxylamine Succinate Tablets 

W, LR 

Dronabinol Capsules 

W. LR 

Drospirenone and Ethinyl Estradiol Tablets 

W 

Duloxetine Capsules, Delayed-Release 

T 

Dydrooesterone Tablets 

W 

Dyphylline Tablets 

T 

Dyphylline and Gualfenesin Tablets 

T 

Efawreriz Capsules 

W 

Efavlrenz Tablets 

W 

Enaiapril Maleate Tablets 

W 

Enalapril Maieate and Hydrochlorothiazide 

Tablets 

w 

Entacapone Tablets 

LR 

Entecayśr Tablets 

T 

Ephedrlne Sulfate Capsules 

T, LR 

Eraocaldferol Capsules 

T. LR 

Eroocalciferol Tablets 

T, LR 

Erooloid Mesylates Capsules 

T, LR ' 

Erooloid Mesylates Tablets 

T, LR 


Container Specifications for Capsules and Tablets (Continued) 


Monoaraph Title 

Container 

Sue cif kation 

Erooloid Mesylates Tablets, Sublinoual 

T, LR 

Erqonovine Maleate Tablets 

W 

Eraotamine Tartrate Tablets 

W. LR 

Erootamine Tartrate Tablets, Sublinoual 

W. LR 

Eraotamine Tartrate and Cafferne Tablets 

W. LR 

Erythromycin Capsules, Delayed-Release 

T 

Erythromycin Tablets 

T 

Erythromydn Tablets, Delayed-Release 

T 

Erythromydn Estolate Capsules 

T 

Erythromydn Estolate Tablets 

T 

Erythromycin Ethylsucdnate Tablets 

T 

Erythromycin Stearate Tablets 

T 

Escitalopram Tablets 

W 

Esomeprazole Magnesium Capsules, Delayed- 
Release 

T 

Estazolam Tablets 

T, LR 

Estradiol Tablets 

T, LR 

Estradiol and Norethindrone Acetale Tablets 

W 

Estrooens Tablets, Conjuaated 

w 

Estrooens Tablets, Esterlfied 

w 

Estropipate Tablets 

w 

Eszopidone Tablets 

T 

Ethacrynic Acid Tablets 

W 

Ethambutol Hydrochloride Tablets 

W 

Ethchloryynol Capsules 

T, LR 

Ethinyl Estradiol Tablets 

W 

Ethionamide Tablets 

W 

Ethosiiximide Capsules 

T 

Ethotoin Tablets 

T 

Ethynodtol Diacetate and Ethinyl Estradiol Tablets 

W 

Ethynodrol Diacetate and Mestranol Tablets 

W 

Etidronate Disodium Tablets 

T 

Eto dolać Capsules 

T 

Etodolac Tablets 

T 

Etodolac Tablets. Extended-Release 

W 

Evenino Primrose Oil Capsules 

T. LR 

Famotldine Tablets 

W, LR 

Felbamate Tablets 

W 

Fefodtpine Tablets, Extended-Release 

- :: Lt -- 

Fenofibrate Capsules 

W 

Fenoflbrate Tablets 

w 

Fenoprofen Calcium Capsules 

w 

Fenoorofen Calcium Tablets 

w 

Ferrous Fumarate Tablets 

T 

Ferrous Fumarate and Docusate Sodium Tablets, 
Extended-Release 

W 

Ferrous Gluconate Capsules 

T 

Ferrous Gluconate Tablets 

T 

Ferrous Sulfate Tablets 

T 

Fexofenadfne Hydrochloride Capsules 

T. LR 

Fexofenadine Hydrochloride Tablets 

W 

Fexofenadine Hydrochloride and 

Pseudoephednne Hydrochloride Tablets, 
Extended-Release 

W 

Finasteride Tablets 

T, LR 

Fish Oil Containinp Omeoa-3 AcEds Capsules 

T, LR 

Fish Oil Containing Omega-3 AcEds Capsules, 
Delayed-Release 

T, LR 

Flavoxate Hydrochloride Tablets 

W, LR 

Flax Seed Oli Capsules 

T, LR 

Flecainlde Acetate Tablets 

W 

Fluconazole Tablets 

W 
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Container Specifications for Capsules and Tablets (Corttinued) 


Monoqraoh Tltle 

Container 
Specif kation 

Flutytosine Capsules 

T. LR 

Ftudrocortisone Acetate Tablets 

W 

FJuoxetine Capsules 

T r LR 

Fluoxetine Capsules, De la yed-Release 

T 

Huoxetine Tablets 

T 

Fluoxvme$terone Tablets 

W 

Fluphenaztne Hydrochloride Tablets 

T* l-R 

Flurazeoam Hydrochloride Capsules 

T* LR 

Flurbiprofen Tablets 

W 

Flutamtde Capsules 

W, LR 

Fluvastatin Capsules 

T. LR 

Fluvaxamine Maleate Tablets 

T 

Folie And Tablets 

W 

Fosinopril Sodium Tablets 

T 

Fosinoprll Sodium and Hydrach! orathiaztde 

Tablets 

T 

F urazo li do ne Tablets 

T, LR 

Fu rasem ide Tablets 

W, LR 

Cabapentin Caosules 

W 

Gabapentin Tablets 

W 

Gaiantamine Tablets 

W 

Calantamine Ex te nded-Release Capsules 

T. LR 

Garllc Tablets, Delayed-Reiease 

T 

CemfibroziJ Capsules 

T 

Cemfibrozil Tablets 

T 

Gtnaer Capsules 

W 

Gtnkao Ca psuł es 

T, LR 

Ginkoo Tablets 

T. LR 

American Ginseng Ca psuł es 

T, IR 

American Ginseng Tablets 

T, LR 

Asian Ginseng Capsules 

T. LR 

Asian Ginsenp Tablets 

T* LR 

Gfimepiride Tablets 

W 

Clipizide Tablets 

T 

Glipizide and Metformin Hydrochloride Tablets 

W 

Glucosamrne Tablets 

T, LR 

Gluc osa minę and Chondraitin Sulfate Tablets 

T , LR 

Glueosamine and Methylsulfonylmethane Tablets 

T, LR 

Glueosamine, Chondraitin Sulfate Sodium, and 
Mettwtsu Ifon vl me thane Ta bfets 

T, LR 

Glybundę Tablets 

W 

Glyburide and Metformin Hydrochloride Tablets 

T. LR 

Glycopyrroiate Tablets 

T 

Granisetron Hydrochloride Tablets 

W, LR 

Griseofulvin Capsules 

T 

Griseofulvin Tablets 

T 

GriseofuMn Tablets* Ul tramie rosi ze 

W 

Guaifenesin Capsules 

T 

Guaifenesin Tablets 

T 

Guaifenesin and Pseudoephedrine Hydrochforide 
Capsules 

T, LR 

Guaifenesin, Pseudoephedrine Hydrochloride, 
and Dextrornethorphan Mydrobromide Capsules 

T. LR 

Guanabenz Acetate Tablets 

T. LR 

Guanethidine Monosulfate Tablets 

W 

Guanfacine Tablets 

T, LR 

Guaoul Tablets 

W. LR 

Halazone Tablets for Solution 

T. LR 

HalooeridoE Tablets 

T, U 

Hexvlresondnol Lozenges 

W 

Homatropine Methylbromide Tablets 

T. LR 


Container Specifications for Ca psu fes and Tablets (Continued) 


Monoaraph Tltle 

Container 

Specifkation 

Hydralazine Hydrachloride Tablets 

T, LR 

H ydroch 1 orot h iazide C a psu les 

W 

Hydrochloroth iazide Tablets 

W 

Hydrocodone Bitartrate Tablets 

T. LR 

Hydrocodone Bitartrate and Acetaminophen 

Tablets 

T, LR 

Hydrocodone Bitartrate and Horn atropinę 
Methylbromide Tablets 

T. LR 

; Hydrocortisone Tablets 

W 

Hydroflumethiazide Tablets 

T 

Hydromorphone Hydrochloride Tablets 

T* LR 

Hydroxychforaquine Sulfate Tablets 

T. LR 

Hvdroxvurea Capsules 

T 

Hydroxyzine Hydrochloride Tablets 

T 

Hvdroxyzine Pamoate Capsules 

W 

Hyoscyamine Tablets 

W. LR 

Hvoscvamine Sulfate Tablets 

T, LR 

Ibuorofen Tablets 

W 

Ibuprofen and Pseudoephedrine Hydrochloride 
Tablets 

T 

Imipramine Hydrochloride Tablets 

T 

Imipramine Pamoate Caosules 

T, LR 

Indapamide Tablets 

W 

Indomethacin Capsules 

W 

Indomethadn Capsules* Extended-Release 

W 

Sodium lodide 1 123 Capsules 

W 

Sodium lodide 1 131 Capsules 

W 

lodoguinol Tabiets 

W 

Irbesartan Tablets 

W 

Irbesartan and Hydrochlorothiazide Tablets 

W 

Isomazid Tablets 

W* LR 

Isop ropami de lodide Tablets 

W 

Isoproterenol Hydrochforide Tablets 

W. LR 

Isosorbide Dinitrate Capsules, Extenried- 
Release 

W 

Isosorbide Dinitrate Tablets 

W 

Isosorbide Dinitrate Tablets. Chewable 

W 

Isosorbide Dinitrate Tablets* Ex ten ded-Release 

W 

isosorbide Dinitrate Tablets* Sublmaual 

W 

Isosorbide Mon oni tratę Tablets 

T 

Isosorbide Mo no ni tratę Tablets, Extended- 
Release 

T 

Isotretinoin Caosules 

T 

lsoxsupririe Hydrochloride Tablets 

T 

Isradipine Capsules 

T 

lyermectin Tablets 

W 

lyermectin and Pyrantel Pamoate Tabiets 

T, LR 

Kanamycin Sulfate Capsules 

T 

Ketoconazole Tablets 

W 

Ketoprofen Capsules 

T 

Ketoprofen Capsules, Exten ded-Release 

T 

Ketorolac Tromethamine Tablets 

W 

KriII Oil Capsules 

T 

Krilf Oil Capsules, De 1 ayed-Release 

T 

Labetalol Hydrochloride Tablets 

T. LR 

Lamtvudine Tablets 

T, LR 

Lanwudine and 2idovudine Tablets 

W, LR 

Lamotrigine Tablets 

W 

Lamotrigine Tablets, Exten ded-Release 

W 

Lamotrioine Tablets for Orał Suspension 

T, LR 

Lansoprazole Capsules, Del ayed-Release 

T 

Leflunomide Tablets 

T. LR 
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Contatner Specifications for Capsules and Tablets f Contłrwed) 


Mo non rap h Titie 

Container 

Sp ec i f kation 

Letrozole Tablets 

T 

Leucovortn Cakium Tablets 

W, LR 

Levamisole Hydrochloride Tablets 

W 

Levetiracetam Tablets 

T 

Levetiracetam Tablets, Extended-Refease 

W 

Levocarnitine Tablets 

T 

Levocetirizine Dibydrochloride Tablets 

W 

Leyodopa Cap s u fes 

T. LR 

Leyodopa Tablets 

T. LR 

Levofloxacin Tablets 

T 

Leyonoraestrel and £thlnvl Estradiol Tablets 

W 

Levorohanol Tartratę Tablets 

W 

Leyothvroxine Sodium Tablets 

T. IR 

Li n co myc i n Hvdroch!oride Ca os u fes 

T 

Alpha U pot o Add Capsules 

W 

Alpha Li poić Add Tablets 

W 

Liothyronine Sodium Tablets 

T 

Uotdx Tablets 

T 

Lisinopril Tablets 

T 

Lisinopril and Hydrochlorolhiazide Tablets 

W 

UthEum Carbonate Capsules 

W 

Lithium Carbonate Tablets 

T 

Lithium Carbonate Tablets, Extended-Release 

W 

Lomustine Capsules 

W 

Loperamfde Hydrochloride Capsules 

W 

Loracarbef Capsules 

w 

loratadfne Tablets 

T 

Loratadine Tablets, Chewable 

T 

Loratadrne Tablets, Oraily Disintearatino 

T 

Lorazepam Tablets 

T, LR 

Losartan Potassium Tablets 

T, LR 

Losartan Potassium and Hydrach lorothiazide 

Tablets 

T, LR 

Loyastatin Tablets 

W 

Loxaplne Capsules 

T 

Lu tein Capsules 

T. LR 

Łysinę Hydrochloride Tablets 

W 

Maaaldrate Tablets 

W 

Maaaldrate and Simethieone Tablets 

w 

Maanesia Tablets 

w 

Maanesia and Al u mina Tablets 

w 

Maoneslum Gfuconate Tablets 

w 

Macmesium Oxide Capsules 

w 

Maqnesium Qxide Tablets 

w 

Maanesjum Salicyl a te Tablets 

T 

Maqnesium Trisilicate Tablets 

w 

Maprotiline Hydrochloride Tablets 

w 

Mazindo! Tablets 

T 

Mebendazole Tablets 

w 

Mecamylamine Hydrochloride Tablets 

w 

Medizine Hydrochloride Tablets 

w 

Meclofenamate Sodium Capsules 

T. LR 

Medraxvproqe sterane Acetate Tablets 

w 

Mefenarnic Add Capsules 

T 

Mefioquine Hydrochloride Tablets 

T. LR 

Meqestrol Acetate Tablets 

W 

Melatonin Tablets 

T, LR 

Meloxicam Tablets 

W 

Melphalan Tablets 

W, LR 

Memantine Hydrochloride Tablets 

T 

Menadiol Sodium Diphosphate Tablets 

W, LR 


Container Specifications for CapsuEes and Tablets (Conlinued) 


Monooraph Tltle 

Container 

1 SpedflcatioFi 

Menaquinone-7 Capsules 

T, LR 

Menaqtiinone‘7 Tablets 

T. LR 

Meperidine Hydrochloride Tablets 

W. LR 

Mephenytoin Tablets 

W 

Mephobarbital Tablets 

w 

Meprobamate Tablets 

w 

Mercaptopurine Tablets 

w 

Mesalamine Capsules, £xtended~Release 

T. LR 

Mesalamine Tablets, Delayed-Release 

T 

Mesoridazine 6esvlate Tablets 

W, L R 

Metaoroterenol Sulfate Tablets 

W, LR 

Metaxalone Tablets 

W, LR 

Metformin Hydrochloride Tablets 

T 

Metformin Hydrochloride Tablets, Extended- 
ReEease 

W, LR 

Me th a cyc linę Hydrochloride Capsules 

T. LR 

Methadone Hydrochloride Tablets 

W 

Methamphetamłne Hydrochloride Tablets 

T. LR 

Methazolamide Tablets 

W 

Methdilazine Hydrochloride Tablets 

T. LR 

Methenamine Tablets 

W 

Methenamine Hippurate Tablets 

W 

Methenamine Mandelate Tablets 

W 

Methenamine Mandelate Tablets, Delayed- 
Release 

W 

Methimazote Tablets 

W, LR 

Methocarbamol Tablets 

T 

Methotrexate Tablets 

W 

MethoxsaIen Capsules 

T, LR 

Methscopolamine Bromide Tablets 

T 

Methsuximide Capsules 

T 

Methyclothiazide Tablets 

W 

Melhylcellulose Tablets 

W 

Methylcobalamin Tablets 

T, LT 

Methyldopa Tablets 

W 

Methyldopa and Chlorothiazide Tablets 

w 

Methyldopa and Hydro chlorothiazide Tablets 

w 

Methylerqonovine Maleate Tablets 

T, LR 

Methylphenidate Hydrochloride Tablets 

T 

MethylphenkJale Hydrochloride Tablets, 

Extended - Release 

T 

Methylprednisolone Tablets 

T 

Methylsulfonylmethane Tablets 

T. LR 

Methyltestosterone Capsules 

W 

Methyltestosterone Tablets 

w 

Methyserpide Maleate Tablets 

T 

Metodo erami de Tablets 

T. LR 

Metolazone Tablets 

T, LR 

Metoprolol Su cci na te Tablets, Extended- 
Release 

T 

Metoprolol Tartrate Tablets 

T. LR 

Metoprolol Tartrate and Hydrochlorothiazide 

Tablets 

T, LR 

Metronidazole Capsuies 

W, LR 

Metron id azole Tablets 

W, LR 

Metronidazole Tablets. Extended-Release 

W 

Metyrapone Tablets 

T, LR 

Metyrosine Capsules 

W 

Mexiletine Hydrochloride Capsules 

T 

Midodrine Hydrochloride Tablets 

W 

Minerals Capsules 

T> LR 

Minerals Tablets 

T, LR 
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Container Specifications for Capsules and Tablets (Continued) 


IVIonoqrdph Tltle 

Container 
Specif kation 

Minocydine Hydrochloride Capsules 

T. LR 

Minocydine Hydrochloride Tablets 

T, LR 

Minocydine Hydrochloride Tablets, Extended- 
Release 

T 

Minoxidł1 Tablets 

T 

Mirtazapine Tablets 

T. LR 

Mirtazapine Tablets, Oraliv Disinteqratinq 

Lft 

Mitotane Tablets 

T, LR 

Modafinfl Tablets 

r 

Moexipril Hydrochloride and 

Hydrochlorothiazide Tablets 

w 

Moexioril Hydrochloride Tablets 

T, W 

Molindone Hydrochloride Tablets 

T LR 

Montelukast Socllum Tablets 

T 

Montelukast Sodium Tablets, Chewable 

T 

Morfcizine Hydrochloride Tablets 

T 

Morphine Sulfate Capsules, Ejciended-Release 

T. LR 

Mycophenolate Mofetil Capsules 

W, LR 

Mycophenolate Mofetil Tablets 

W, LR 

Mycophenolic Acid Tablets- De ta yed-Release 

T 

Nabumetone Tablets 

W 

Nadolol Tablets 

T 

Nadolol and Bendroflumethiazide Tablets 

T 

Nafdllin Sodium Capsules 

T 

Nafcrflin Sodium Tablets 

T r LR 

Nalidixic Add Tablets 

T 

Nal trojone Hydrochloride Tablets 

T 

Na propen Tablets 

W 

Naproxen Tablets. Delaved-Re!ease 

W 

Naoroxen Sodium Tablets 

W 

Naratriptan Tablets 

T 

Nateglinlde Tablets 

T 

Nefazodone Hydrochloride Tablets 

T 

Neomycin Sulfate Tablets 

T 

Neosliomine Brom i de Tablets 

T 

Nevirapine Tablets 

W 

Niacin Tablets 

W 

i Niacin Tablets. Extended-Refease 

T 

Ntacinamide Tablets 

T 

Nifedioine Capsules 

T. LR 

Nifedrolne Tablets. £xtended-Release 

T. LR 

Ni trafu ran toin Capsules 

T 

Nitrofurantoin Tablets 

T, LR 

Nitroafycerin Tablets 

T 

Nitroglycerin Tablets, Sublinouat 

T 

Norethindrone Tablets 

W 

Norethindrone and Ethinyl Estradiol 

Tablets 

W 

Norethindrone and Mestranof Tablets 

W 

Norethindrone Acetale Tablets 

W 

Norethindrone Acetate and Ethinyl Estradiol 

Tablets 

W 

Norfloxacin Tablets 

W 

Noroestlmate and Ethinyl Estradiol Tablets 

W 

Norpestrel Tablets 

W 

Noroestrel and Ethinyl Estradiol Tablets 

W 

Nortriotyline Hydrochloride Capsules 

T 

Nystatin Tablets 

T, LR 

Nystatin Tablets, Vaqinal 

W, LR 

Ofloxacin Tablets 

W 

Olanzapine Tablets 

T. LR 


Container Specifications for Capsules and Tablets (Continued) 


Monocłraph Titie 

Container 

Spedfkatlon 

Olanzapine Tablets. 0rally Dislnteoratino 

W 

Otanzaoine and Fluoxetrne Capsules 

T 

Oleoyitamin A and D Capsules 

T, LR 

Omeaa-3 Acids Ethvl Esters Capsules 

T. LR 

Omeorazole Capsules. Delayed-Reiease 

T. LR 

Ondansetron Tablets 

T, LR 

Ondansetron Tablets. OralSy DisintepraUnci 

LR 

Orbifloxadn Tablets 

T 

Orlistat Capsules 

T 

Grphenadrine Cltrate, Aspirin, and Caffeine 

Tablets 

T 

Grphenadrine Gtrate Tablets. £xtended-Refease 

W, LR 

Oseltamjyir Phosphate Capsules 

W 

Oxadllln Sodium Capsules 

T 

Oaandrolone Tablets 

T. LR 

Oxaprozin Tablets 

T. LR 

Oxazepam Capsules 

W 

Oxazepam Tablets 

W 

Oxcarbazeoine Tablets 

W 

i Oxprenoiol Hydrochloride Tablets 

W, LR 

Oxprenolol Hydrochloride Tablets, Extended- 
Release 

W. LR 

Oxtriphylline Tablets 

T 

Oxtriphvlline Tablets. Extended-Release 

T 

Oxybutvnin Chloride Tabiets 

T. LR 

Oxybutynin Chloride Tablets, Extended- 
Release 

T 

Oxycodone Hydrochloride Tablets 

T. LR 

Oxycodone Hydrochloride Tablets, Extended- 
Release 

T, LR 

Oxycodone and Acetaminophen Capsules 

T, LR 

Oxycodone and Acetaminophen Tablets 

T. LR 

Oxvcodone and Aspirin Tablets 

T, LR 

Oxymetholone Tablets 

W 

Oxvmorphone Hydrochloride Tablets 

T 

Oxymorphone Hydrochloride Tablets, Extended- 
Release 

I 

Oxvtetracvcline Tablets 

T, LR 

Oxvtelracvdine and Nystatin Capsules 

T. LR 

Gxvtetraevcline Hydrochloride Capsules 

T, LR 

Qxytetracydtne Hydrochloride and Połymyxin B 
Sulfate Tablets. Vaqinal 

W 

Pancreatip Tablets 

T 

Pancreiipase Capsules 

T 

Pancreiipase Capsules. Delayed-Release 

T 

Pancreiipase Tablets 

T 

Pantoprazole Sodium Tablets, De layed-Release 

W 

Pa pa i n Tablets for Toplcal Sol u ta on 

T. LR 

Pa pa verine Hydrochloride Tablets 

T 

Paromomycin Sulfate Capsules 

T 

Paroxetine Tablets 

T 

Paroxetine Tablets, Exiended-Release 

W 

Penbutolol Sulfate Tablets 

W, LR 

Penidllamine Capsules 

T 

Pen id 1 laminę Tablets 

T 

Penicillin G Benzathine Tablets 

T 

Penie i Ili n G Potasslum Tablets 

T 

Penicillin V Tablets 

T 

Penicillin V Potassium Tablets 

T 

Pentazocine and Acetaminophen Tablets 

T, LR 

Pentazocine and Aspirin Tablets 

T, LR 

Pentazocine and Naloxone Tablets 

T. LR 


Reference Tabies 
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USP 40 


Container Specifications for Capsules and Tablets (Ccntinned) 


Monooraph TItle 

Container 

Speclflcation 

Pentoxifylltne Tablets. Extended-Release 

W 

Perindooril Erbumine Tablets 

T 

Perphenazine Tablets 

T, LR 

Perphenazine and Amitriptyline Hydrochloride 
Tablets 

W 

Phenazooyridine Hydrochloride Tablets 

T 

PhendimetrazEne Tartrate Capsules 

T 

Phend i metraż ine Tartrate Tablets 

W 

Phenelzine Sulfate Tablets 

T 

P hen metra zine Hydrochloride Tablets 

T 

Phenobarbital Tablets 

W 

Phenoxybenzamine Hydrochloride Capsules 

W 

Phensuximide Capsules 

T 

Phentermine Hydrochloride Capsules 

T 

Phentermine Hydrochloride Tablets 

T 

Phenyfbutazone Tablets 

T 

Phenylephrine Hydrochloride Tablets 

T 

Phenytoin Chewable Tablets 

W 

Phenytoin Sodium Capsules, Extended 

T 

Phenytoin Sodium Capsules. Prompt 

T 

Phytonadione Tablets 

W. LR 

Pilocaroine Hydrochloride Tablets 

T 

Pimozide Tablets 

T. LR 

PindoJol Tablets 

W, LR 

Pioqlitazone and Glimepiride Tablets 

T 

Pioglitazone and Metformin Hydrochloride 

Tablets 

T 

Pioofitazone Tablets 

T 

Piperazine Citrate Tablets 

T 

Piroxicam Capsules 

T. LR 

Potassium Bicarbonate EffeiwscenL Tablets for 

Orał Solution 

T 

Potassium Bicarbonate and Potassium Chloride 
Effervescent Tablets for Orał Solution 

T 

Potassium and Sodium Bicarbonates and Citric 

Acid Efferyescent Tablets for Orał Solution 

T 

Potassium Chloride Capsules, Extended-Release 

T 

Potassium Chloride Tablets, Ex ten ded-Release 

T 

Potassium Chloride, Potassium Bicarbonate, and 
Potassium Citrate Efferyescent Tablets for Orał 
Solution 

T 

Potassium Citrate Tablets 

W 

Potassium Citrate Tablets, Ex te nded-Release 

I 

Potassium Cl utoną te Tablets 

T 

Potassium lodide Tablets 

T 

Potassium lodtcle Tablets, Del a yed-Release 

T 

Potassium Parch lora te Capsules 

T. LR 

Pravastatin Sod tum Tablets 

T 

Praziouantel Tablets 

T 

Prazosin Hydrochloride Capsules 

W. LR 

Prednisolone Tablets 

W 

Prednlsone Tablets 

W 

Prlmaoutne Phosphate Tablets 

W, LR 

Prlmidone Tablets 

W 

Probenecfd and Cokhicine Tablets 

W. LR 

Probucol Tablets 

W, LR 

Procainamide Hydrochloride Capsules 

T 

Procainamfde Hydrochloride Tablets 

T 

Procarbazine Hydrochloride Capsules 

T. LR 

Prochlorperazine Maleate Tablets 

W . 

Procydidine Hydrochloride Tablets 

T 

Promazine Hydrochloride Tablets 

T. LR 


Container Specifications for Ca psuł es and Tablets fCoiifmtiK/J 


Monoaraph Title 

Container 

Sp cd f kation 

Promethaztne Hydrochloride Tablets 

T, IR 

Propafenone Hydrochloride Capsules, Exlended- 
Release 

T 

Propafenone Hydrochloride Tablets 

T 

Propantheline Bromide Tablets 

W 

Propranolol Hydrochloride Capsules, Extended- 
Release 

W 

Propranolol Hydrochloride Tablets 

W, LR 

Propranolol Hydrochloride and 

Hydrochlorothiazide Capsules, 

Extended-Release 

W 

Propranolol Hydrochloride and 

Hydrochlorothiazide Tablets 

W 

Prooylthiouradf Tablets 

w 

ProtrjDtyline Hydrochloride Tablets 

T 

Pseudoeohedrine Hydrochloride Tablets 

T 

Pseudoephedrine Hydrochloride Tablets, 

£xtended-Release 

T 

Pyqeum Capsules 

T 

Pyrazinamide Tablets 

W 

Pyridostiomine Bromide Tablets 

Ł i fi 

Pvridoxlne Hydrochloride Tablets 

W 

Pyrilamtne Maleate Tablets 

w 

Pyrimethamine Tablets 

T. LR 

Pyryinium Pamoate Tablets 

T, LR 

Ouazeoam Tablets 

W 

Ouetiaoine Tablets 

W 

Add the Mlowing: 

*Quetiapine Tablets, Extended-Release 

WAUSP40 

Ouinapril Tablets 

w 

Ouinaorll and Hydrochlorothiazide Tablets 

W, LR 

Ouinidine Cluconate Tablets. Baended-Release 

W. LR 

Ouinidine Sulfate Capsules 

T. LR 

Ouinidine Sulfate Tablets 

W. LR 

Ouinidine Sulfate Tablets, Extended-Release 

W, LR 

Ouinine Sulfate Capsules 

T 

Ouinine Sulfate Tablets 

W 

Raloxilene Hydrochloride Tablets 

t 

Ramiprij Capsules 

W 

Ranitidine Tablets 

T, LR 

Rauwolfia Serpentina Tablets 

T, LR 

Reserpine Tablets 

T» LR 

Reserpine and Chlorothiazide Tablets 

T, LR 

Reserpine, Hydra lazine Hydrochloride, and 
Hydrochlorothiazide Tablets 

T, LR 

Reseroine and Hydrochlorothiazide Tablets 

T, LR 

Rhodiola rosen Caosules 

W 

Rhodiota rosea Tablets 

W 

Ribayirin Capsules 

W 

Ribayirin Tablets 

T 

Riboflavin Tablets 

T. LR 

Rifabulin Capsules 

W 

Rifamoin Capsules 

T. LR 

Rifamoin and Isonlazid Caosules 

T, LR 

Rifamptn, tsoniazid. and Pyrazinamide Tablets 

T, LR 

Ritampin, Isoniazid, Pyrazinamide, and 

Elhambutol Hydrochloride Tablets 

T. LR 

Riluzole Tablets 

W. LR 

Rimantadtne Hydrochloride Tablets 

T, LR 

Risedronale Sodium Tablets 

W 

Risoeridone Tablets, Orally Dislnteqratinct 

W, LR 




















































































































USP 40 


Reference Tables / Container Specifications 2451 


Container Specifications for Capsules and Tablet* (Continued) 


IV1onoqraph Title 

Container 

Specification 

Risperidone Tablets 

T. LR 

Ritodrine Hydrochloride Tablets 

T 

Ritonayir Capsules 

T, LR 

Ritonayir Tablets 

T 

Riyastramine Tartratę Capsules 

T 

Rtzafriotan Benzoate Tablets 

W, LR 

Rizatriptan Benzoate Tablets, Orally 

Disinteqratlnq 

W, LR 

Ropinirole Tablets 

W 

Ropinirole Tablets, Extended-Release 

W 

Rufinamide Tablets 

T 

Saccharin Sodium Tablets 

W 



Add the foltowing: 


A $l< |ohn's Wort Flowering Top Dry Extract 
Capsules 

W AU5P40 

Add the foltowing: 

*St ]ohn's Wbrl Flowering Top Dry Extract 

Tablets 

Wauima 

Salsalate Capsules 

T 

Sal sal a te Tablets 

T 

5aquinavir Capsules 

T 

Saw Pa Im et to Capsules 

T. LR 

Schizochytrium Oil Capsules 

TIR 

Scooolamine Hydrobrormde Tablets 

T, IR 

Secobarbital Sod tum Capsules 

T 

Secobarbitaf Sodium and Amobarbital Sodium 
Capsules 

W 

Seleailine Hydrochloride Capsules 

T, LR 

Selegiline Hydrochloride Tablets 

T. LR 

Sennosides Tablets 

W 

Sertraflne Tablets 

W 

Sildenafi! Tablets 

W 

Simethicone Capsules 

w 

Simethicone Tablets 

w 

5imvastatin Tablets 

T 

Sltaaliotin Tablets 

W 

Sodium Bicarbonate Tablets 

w 

Sodium Chloride Tablets 

w 

Sodium Chloride Tablets for Solution 

w 

Sodium Chloride and Dexlrose Tablets 

w 

Sodium Ftuoride Tablets 

T 

Sodium Salicylate Tablets 

W 

Sotalol Hydrochloride Tablets 

W, LR 

Sov IsofJayones Capsules 

T, LR 

Soy isollavones Tablets 

T, LR 

Spironolactone Tablets 

I, LR 

Spironofactone and Hydrochlorathtazide Tablets 

T. LR 

Spirulina Tablets 

W, LR 

Stanozolol Tablets 

T. LR 

Stavudine Capsules 

T 

Sulfadiazlne Tablets 

W. LR 

Sulfadimethoxine Tablets 

T, LR 

Sulfadoxme and Pyrimethamine Tablets 

W, LR 

SulfameŁhizole Tablets 

W 

Sulfamethpxazole Tablets 

W, LR 

Sulfamethoxazole and Trimethoprim Tablets 

W. LR 

Sulfapyridine Tablets 

W. LR 

Sulfasalazrne Tablets 

W 

Sulfasalazine Tablets, Delayed-Release 

W 


Container Specifications for Capsules and Tablets (Continued) 


fUlonoaraph Title 

Container 

Spedftcation 

Sulfinpyrazone Capsules 

W 

Sulfinpyrazone Tablets 

W 

Sulfisoxazo!e Tablets 

W. LR 

Sulindac Tablets 

W 

Sumatriptan Tablets 

w 

Tacrolimus Capsules 

T 

Tadalafil Tablets 

T 

Tamoxifen CItrate Tablets 

W. LR 

Tamsulosin Hydrochloride Capsules 

T 

Telmisartan Tablets 

W 

Telmisartan and Hvdrochlorothiazide Tablets 

W 

Temazeoam Capsules 

W, LR 

Terazosin Capsules 

W, LR 

Terazosin Tablets 

W, LR 

Terbinafine Tablets 

W, LR 

Terbutaline Sułfate Tablets 

T 

Testolactone Tablets 

T 

Tetracydine Hydrochloride Capsules 

T, LR 

Tetracydine Hydrochloride Tablets 

T. LR 

Tetracydine Hydrochloride and Noyobiocin 

Sodium Tablets 

T 

Tetracydine Hydrochloride, Noyobiocin Sodium, 
and Prednisolone Tablets 

1 

Tetracydine Hydrochloride and Nystatin Capsules 

T, LR 

Thalidomide Caosules 

W 

Theophylline Caosules 

W 

TheoohylWne Caosules, Extended-Release 

W 

Theoohvlline Tablets 

W 

Theophylline, Ephedrine Hydrochloride, and 
Phenobarbital Tablets 

T 

Theoohylline and Guaifenesin Caosules 

T 

Theoohylline Sodium Cfycinate Tablets 

W 

Thiabendazole Tablets 

T 

Thiamine Hydrochloride Tablets 

T t LR 

Thiethylperazine Maleate Tablets 

T, LR 

Thioauanrne Tablets 

T 

Thtortdazine Hydrochloride Tablets 

T, LR 

Thiothixene Capsules 

W, LR 

Thyroid Tablets 

T 

Tidooidine Hydrochloride Tablets 

W 

Add the foltowing: 


±Tienchi Ginseng Root and Rhizome Dry Extract 
Capsules 

Wit M40 

Add the foltowing: 


*T|enchi Ginseng Rool and Rhizome Dry Exlract 
Tablets 

W A LTSP4(7 

Add the foltowing : 


A Tiencht Ginseng Root and Rhizome Powder 
Caosules 




Add the foltowing: 


A Tienchi Ginseng Root and Rhizome Powder 

Tablets 

Wausmo 

Ti mc lot Maleate Tablets 

W 

Ti molo! Maleate and Hydrochiorothiazide Tablets 

W, LR 

Tizanidine Tablets 

T 

Tocainide Hydrochloride Tablets 

W 

Tolazamide Tablets 

T 

Tolazoline Hydrochloride Tablets 

W 


Reference Tables 
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USP 40 


Container Specifications for Capsules and Tablets (Continued) 


Morto ora ph Title 

Container 

Specifteatton 

Tolbulamide Tablets 

W 

Tolcaoone Tablets 

T 

Tolmetin Sodium Caosules 

T 

Tolmetin Sod tum Tablets 

W 

Topiramate Capsules 

T 

Topiramate Tablets 

T 

Torsem i de Tablets 

T 

Tramadol Hvdrochtoride Tablets 

T 

Tramadol Hydrochtoride Tablets, Bttended- 
Release 

T 

Trandolapril Tablets 

T 

Tranylcypromine Tablets 

W 

Trazodone Hydrochlorlde Tablets 

T. LR 

Triamdnolone Tablets 

W 

Triamterene Capsules 

T, LR 

Triamlerene and Hydrach lorothiazide Capsules 

T, LR 

Triamterene and Hydrach lorothiazide Tablets 

T. LR 

Triazolam Tablets 

T, LR 

Trichlormethiazide Tablets 

T 

Trientlne Hydrochloride Capsules 

T 

Triffuooerazine Hydrochloride Tablets 

W. LR 

Trifluoromazine Hydrochtoride Tablets 

W, LR 

Trihexyphenidyl Hydrochlorlde Capsules, 
Extended-Release 

T 

Trihexvphenidvl Hydrochlorlde Tablets 

T 

Trlmeprazine Tartrate Tablets 

W. LR 

Trimethobenzamide Hydrochlorlde Capsules 

W 

Trimethoprim Tablets 

T. LR 

Trioxsalen Tablets 

W, LR 

Tripelennamme Hydrochlorlde Tablets 

W 

TrioJe Sulla Tablets, Vaqinal 

W. LR 

Tnprolidine Hydrochlorlde Tablets 

T, LR 

Tnpralidine and Pseudoephedrine Hydrochlorides 
Tablets 

T, LR 

Trisulfapyrimidines Tablets 

W 

Troleandomycin Capsules 

T 

Trospium Chtoride Tablets 

T, LR 

Ubidecarenone Capsules 

T. LR 

Ubidecarenone Tablets 

T, LR 

Ubiouinol Capsules 

T. LR 

Ursodiol Capsules 

W 

Ursodiol Tablets 

W 

Valatydovir Tablets 

T 

Valerian Tablets 

T. LR 

Valqantidavir Tablets 

T 


Container Specifications for Capsules and Tablets (Continued) 


Monoąraph Title 

Container 
Sperif kation 

Valproic Acid Capsules 

T 

Valsartan Tablets 

T 

Valsartan and Hydrochlorothlazide Tablets 

T 

Vancomvdn Hydrochlorlde Capsules 

I 

Venlafaxine Tablets 

W 

Verspami! Hydrachloride Capsules, Extended- 
Release 

T. LR 

Verapam3l Hydrochlorlde Tablets 

T, LR 

VerapamN Hydrochlorlde Tablets, Extended- 
flelease 

T. LR 

VSoabatrin Tablets 

T 

Vmpocetine Capsules 

T, LR 

Vinpocetine Tablets 

T, LR 

vitamin A Capsules 

T. LR 

Vitamin A Tablets 

T, Lfi 

Vjtamrn E Capsules 

T 

OihSoluble Vitamins Capsules 

T, LR 

Olf-Soluble Vitamins Tablets 

I. LR 

OEI-Soluble Vitamins wfth Minerals Capsules 

T, LR 

Ofl-Soluble Vltamins with Minerals Tablets 

L LR 

Oli- and Water-Soluble Vftamins Capsules 

T, LR 

Oli- and Water-Solubfe Vltamins Tablets 

T, LR 

Oli- and Water-Soluble Vitamin5 with Minerals 
Capsules 

T, LR 

Oil- and Water-Soluble Vitamins with Minerals 
Tablets 

T, LR 

Water-Soluble VI ta mi ns Capsules 

T, LR 

Wa ten S o lubię VI ta ml ns Tablets 

T. LR 

Water-Soluble Vitamlns wlth Minerals Capsules 

T. LR 

Water-Soluble Vitamins with Minerals Tablets 

T> LR 

Warfarin Sod tum Tablets 

T LR 

Zalcilabine Tablets 

T. LR 

Zaleolon Capsules 

LR 

Zidovudine Capsules 

T. LR 

Zidovudine Tablets 

T, LR 

Zinc Ci tratę Tablets 

W 

Zinc Cluconate Tablets 

T, LR 

Zinc Sultate Tablets 

W 

Zolmllriptan Tablets 

W, LR 

Zolrnilriptan Tablets, 0rally Disinteqratinq 

W. LR 

Zofpidem Tartrate Tablets 

W 

Zolprdem Tartrate Tablets, Extended-Release 

W 

Zonisamide Capsules 

T. LR 
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DESCRIPTION AND RELATIVE SOLUBILITY 


Description and Relative Solubility of USP and NF Articles 


The "description" and "solubility" statements pertaining 
to an aniele (formeriy inciuded in the individual mono- 
graph) are generał in naturę. The information is provided 
for those wno use, prepare, and dispense drugs, solely to 
indicate descriptive and solubility properties oT an article 
complying with monograph standards. The properties are 
not in themselves standards or tests for purity even thouah 
they may indirectly assist in the preliminary evaluation of 
the integrity of an article. 

Taste and Odór 

Organoleptic characteristics are indicated in many in- 
stances because they may be useful and descriptive proper¬ 
ties of substances. However, they are not meant to be ap- 
plied as tests for identifying materials. 

The inclusion of odor or taste among other descriptive 
properties may aid in identifying the causative agent follow- 
rng accidental exposure to or contact with a substance. This 
information is provided as a warning or to make an indivtd- 
uaf aware of sensations that may be encountered. The use 
of odor or taste as a test for Identification or content is 
strongly discouraged. 

The charactenstic odor of a voiatile substance becomes 
apparent immediately on opening a Container of it. The 
odor may be agreeable (e.g., Peppermint Oil), unpleasant 
(e.g., Suffur Dioxide), or poterUially hazardous on prolonged 
exposure (e.g., Coal Tar). Moreover, an unexpected odor 
may be encountered if the characteristics of a substance are 
not known or if a Container is incorrectly labeled. Conse- 
quently, containers of such substances should be opened 
eautiousty, preferably in a well-ventilated fume hood. A 
characteristic taste or sensation produced in the orał cavity 
likewise is apparent if traces of residue ma te Hals on fingers 
are inadvertentiy brought into contact with the tongue or 
adjacent mucosal tissues. 

Solubility 

Only where a special, quantłtative solubility test is given 
in the individual monograph, and is designated by a test 
headtng, is it a test for purity. 

The approximate solubilities of Pharmacopeial and Na¬ 
tional Formulary substances are indicated by the descriptive 
terms in the accompanying table. The term "miscible" as 
used in this Pharmacopeia perta! ns to a substance that 
yields a homogeneous mixture when mfxed in any propor- 
tion with the designated solvent. 


Descriptive Term 

Parts of Solvent Reg u i red 
for 1 Part of Solute 

Verv soluble 

Less than 1 

Freely sofuble 

From 1 to 10 

Soluble 

From 10 to 30 

Sparinqly soluble 

From 30 to 100 

Sljqhtlv soluble 

From 100 to 1000 

Verv slightly soluble 

From 1000 to 10,000 

Practically insoluble, or Insoluble 

10,000 and over 


Soluble Pharmacopeial and National Formulary artkles, 
when brought into solution, may show traces ot physical. 
impurities, such as minutę fragments of fifter paper, fibers, 
and other partlculate matter, unless fimited or excluded by 


deflnite tests or other specifications in the indmdual 
monographs. 

Abacavir Sulfate: White to off-white powder, Soluble in 
water, in ethyl acetate, in absolute aicohol, and in metha- 
noL 

Abiraterone Acetate: White to off-white powder. 

Freely soluble in methyfene chloride, in tetrahydrofuran, and 
in toluene; soluble in methanol, in ethanol, in ethyl acetate, 
in isobutyl methyl ketone, in N,N-dimethylfarmamide, and 
in acetone; sparingly soluble in acetonitrife and in dimethyl 
sulfoxide; slightly soluble in hexane; very slightly soluble in 
0.1 N hydrochloride; practically insolubfe in agueous media 
over a wide rangę of pH vatues. 

Acada: is practically odoriess and produces a mucilagi- 
nous sensation on the tongue. Insoluble in aicohol. Optical 
rota tion varies depending on the source of Acacia. For ex- 
ample, specific rota tion values, calcu la ted on the anhydrous 
basis and determined on a 1.0% (w/v) solution, usually are 
between -25° and -35° for Acacio senegal and between 
+35° and +60° for Acacio seyaL NF category: Emulsifying 
agent; suspendlng and/or viscosity-increasing agent; wet 
binder. 

Acebutofol Hydrochloride: White or almost white, 
crystallme powder. Soluble in aicohol and in water; very 
slightly soluble in acetone and in methyfene chloride; practi¬ 
cally insoluble in ether. Melts at about 141° to 144°. 

Acesulfame Potassium: A white, crystallme powder or 
colorless crystals. Soluble in water; very slightJy soluble in 
acetone and in aicohol. NF category: Sweetening agent. 

Acetammophen: White, odoriess, crystalline powder, 
having a slightly bilter taste. Freely soluble in aicohol; solu¬ 
ble in boi ling water and in 1 N sod sum hydroxide. 

Acetazofamide: White to faintly yellowish-white, erys- 
talfine, odoriess powder. Sparingly sofuble in practically boil- 
ing water; slightly soluble In aicohol; very slightly soluble in 
water. 

Acetic Acid: Cfear, coforless liquid, having a slrong, 
characteristic odor, and a sharply acid taste. Specific qravity 
is about 1.045. Miscible with water, with aicohol, and with 
glycerin. NF category: pH modifier (acidifying agent/alkaliz- 
ing agent/buffering agent). 

Glacial Acetic Acid: Gear, colorless liqu!d, having a 
pungent, characteristic odor and, when well diluted with 
water, an acid taste. Boils at about 118°. Specific gravity is 
about 1.05. Miscible with water, with aicohol, ano with 
glycerin. NF category: pH modifier (acidifying agent/alkaliz- 
ing agent/buffering agent). 

Acetohexamlde: White, crystalline, practically odoriess 
powder. SolubJe in pyridine and in dilute Solutions of alkati 
hydroxides; slightly soluble in alcohoi and in chloroform; 
practically insolubfe in water and in ether. 

Acetohydroxamic Acid: White, slightly hygroscopic, 
crystalline powder. Melts, after drylng at about 80“ for 2 to 
4 nours, at about 88*. Freely soluble in water and in aicohol; 
very slightly soluble in chloroform. 

Acetone: Transparent, colorless, mobile, volatile liqu[d, 
having a characteristic odor. A solution (1 In 2) is neutral to 
litmus. Miscible with water, with aicohol, with ether, with 
chloroform, and with most vo!atile oils. NF category: Solvent. 

Acetyicholine Chloride: White or off-white crystals or 
crystalline powder. Very soluble in water; freely sofuble in 
aicohol; insoluble in ether. Is decomposed by hot water and 
by alkalies. 
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Acetykysteine: White, crysfalline powder, havinq a 
slight acetic odor. Freely soluble in water and in alcohol; 
practically insoluble in chloroform and in ether 

Acetyltributyl Citrate: Clear, practically colorless, oily 
ltquid, Freely soluble in alcohol, in izopropyl alcohol, in ace¬ 
tone, and in toluene; insoluble in water* NF category: Plasti- 
cizer* 

Acetyltriethyl Citrate: Clear, practically colorless, oily 
liguid. Freely soluble in alcohol, in isopropyl alcohol, in ace- 
tonę, and in toluene; insoluble in water. w category: Plasti- 
clzer, 

Acitretin: Yeilow or greenish, crystalline powder. Spar¬ 
ingly soluble in tetrahydrofuran; slightly soluble in acetone 
and in alcohol; very sughtly soluble in cyclohexane; practi¬ 
cally insoluble in water* 

Acydovir: White to off-white, crystalline powder, Melts 
at temperatures higher than 250°, with decomposrtion. Sol¬ 
uble in dlluted hydrochloric acfd; slightly soluble in water; 
insoluble in alcohol 

Adapalene: White or almost white powder* Soluble in 
tetrahydrofuran; sparingly soluble in ethanol; practically in¬ 
soluble in water* 

Ademetionlne Disulfate Tosylate: White powder* 

Freely soluble in water. 

Adenine: White crystals or crystalline powder* Is 
odorless and tasteless. Sparingly soluble in boiling water; 
slightly soluble in alcohol; very slightly soluble in water; 
practically insoluble in ether and in chloroform* 

Adenosine: White, odorless, crystalline powder. Slightly 
soluble Sn water; practically insoluble in alcohol. Melts at 
about 235°; 

Adipic Acid: A white, crystalline powder. Freely soluble 
in alcohol and in methanol; soluble in boiling water and in 
acetone; slightly soluble in water. NF category: pH modifier 
(acidifying agent/afkalizing agent/buffering agent); flavcrs 
and fragrance. 

Agar: Odorless or has a slight odor, and produces a 
muciTacjinous sensation on the tongue* Soluble in boiling 
water; insoluble in eold water, NF category: Suspending and/ 
or viscosity-increasing agent; emulslfying agent; suppository 
base; wet binder. 

Alamk Acrd: NF category: Suspending and/or viscosity- 
increasing agent 

Alaninę: White, odorless crystals or crystalline powder, 
havinq a slightly sweet taste* Freely soluble in water; slightly 
soluble tn 80% alcohol; insoluble in ether, 

AJbendazole: White to faintly yellowish powder* Freely 
soluble in anhydrous formie acid; very slightly soluble ir 
ether and in methylene chloride; practically insoluble in al¬ 
cohol and in water. 

Albumin Humań: Practically odorless, moderately vis- 
eous, elear, brownish fluid. 

r Albumin Humań: Clear, slightly viscous, and colorless 
to yeilow amber in color. NF category: Vehide (sterile). 

Albuterol: White, crystalline powder, Soluble in alcohol; 
sparingly soluble in water. Melts at about 156 a * 

Albuterol Sulfate: White or practically white powder. 
Freely soluble in water; slightly soluble in alcohol, m chloro¬ 
form, and in ether, 

Alcohol: Clear, colorless, mobile, volatile llquid* Has a 
characteristic odor and produces a burning sensation on the 
tongue* Is readily volatilized even at Iow temperatures, and 
boils at about 78 u * Is flammable. Miscible with water and 
with practically aII organie solvents* NF category: Solvent; 
antimicrobial preservative* 

Dehydrated Alcohol: Clear, colorless, mobile, volatile 
liquid. Has a characteriStic odor and produces a burning 
sensation on the tongue. Is readily volatIlized even at Iow 
temperatures, and boils at about 78'\ Is flammable, Miscible 
with water and with practically all organie sofvents. 


Dlluted Alcohol: Clear, colorless, mobile liguid, having 
a characteristic odor and produdng a burning sensation on 
the tongue* NF category: 5olvent. 

Rubbing Alcohol: Transparent, colorless, or colored as 
desired, mobile, volatile liquid, Has an extremely bitter taste 
and, in the absence of added odorous constituents, a char¬ 
acteristic odor. Is flammable. 

Alendronate Sodlum: White, free-flowing powder. Sol¬ 
uble in water; very slightly soluble in dimethyl sulfoxide, in 
methyl alcohol, and in propylene glycol; practically insoluble 
in acetone, in acetonitrile, in alcohol, in chloroform, and In 
Isopropyl alcohol 

Alfadex: White or almost white, amorphous or erystah 
linę powder. Freely soluble in water and in propylene glycol; 
practically Insoluble in ethanol and in methylene chloride. 

NF category: Chelating and/or complexing agent* 

Alfentanil Hydrochloride: White to almost white pow¬ 
der. Freely soluble in methanol, in alcohol, and in chloro¬ 
form; soluble in water; sparingly soluble in acetone. Meltlng 
point rangę, crystals from acetone: 136M43* (anhydrous) 
and reported as crystals from aqueous hydrochloric acid: 

T16°-126° (mononydrate). 

Alfentanil Injection: Clear, colorless solution* 

Alfuzosin Hydrochloride: White to almost white pow¬ 
der, slightly hygroscopic* Freely soluble in water; sparingly 
soluble in alcohol; practically insoluble in methylene chfo- 
ride. 

Ałgrnic Acid; White to yellowish white, fibrous powder. 
Is odorless, or practically odorless, and is tastefess. Soluble in 
alkalinę Solutions; insoluble in water and in organie solvents* 
NF category: Suspending and/or viscosity-increasing agent; 
wet binder; disintegrant; film-forming agent; release-modify- 
ing agent. 

Alkyl (Cl2-15) Benzoate: Clear, practically colorless, 
oily liquid, Soluble in acetone, in alconol, In isopropyl alco¬ 
hol, in ethyl acetale, in isopropyl myristate, in isopropyl pal- 
mitate, in lanolin, In minerał cli, in vegetable oils, and in 
yolatiie silrcones; insoluble in water, in glycerin, and in pro¬ 
pylene glycol. NF category: Vehide (oleagmous); emollient 

Aliantom: White, crystalline powder. Slightly soluble in 
water; very slightly soluble in alcohol. Melts at about 225 
with decompositjon, 

Allopurinof: Fluffy white to off-white powder, haylng 
only a slight odor. Soluble in Solutions of potassium and 
sodlum hydroxides; very slightly soluble in water and In al¬ 
cohol; practically insoluble in chloroform and in ether. 

AllyJ Isothiocyanate: Colorless to pale yeilow, very re- 
fractive, liouid. Pungent Irritatrng odor, acrid taste. [Cau- 
tion: tacnrymafor.j Miscible with alcohol, with carbon di- 
sulfide, and with ether. Slightly soluble in water, 

Almond OH: Clear, pale straw-colored or colorless, oily 
Iiquid, havmg a bland taste* Remains elear at -10°, and 
does not congeal untif cooled to almost-20°* Slightly solu¬ 
ble in alcohol Miscible with ether, with chloroform, with 
benzene, and with solyent hexane. NF category: Flavors and 
fragrance; yehicle (oleaginous); emollient; solvent 

Almotriptan Malate: White to slightly yeilow, crystal¬ 
line powder. Soluble In water; slightly soluble in metnanoi 
and In N,N-dImethylformamide; very slightly solubie in ace¬ 
tone, in acetonitrile, in ethanol, in ethyl acetate, in propa¬ 
nol, in tetrahydrofuran, and in toluene; practically insoluble 
in chloroform and in methylene chloride. 

Aloe: Has a characteristic, somewhat sour and disagree- 
abie, odor. 

Alprazolam: A white to off-white, crystalline powder* 
Melts at about 225°. Freely soluble in chloroform; solubie in 
alcohol; sparingly solubie in acetone; slightly soluble in ethyl 
acetate; insoluble in water. 

Alprostadil; A white to off-white, crystalline powder, 
Melts at about 110°. Freely soluble in alcohol; soluble In 
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water and in acetone; slightly soluble tn ethył acetate; very 
slightly soluble in chloroform and in ether. 

Altretamme: Wbite, crystalline powder. Soluble in chlo¬ 
roform; insoluble in water, 

Ammonium Alum: Large, colorless crystals, crystalline 
fragmentu, or white powder. Is odoriess, and has a sweetrsh, 
strongly astringent taste. Its Solutions are acid to litmus. 

Very soluble in boi ling water; freely soluble in water and in 
glycerin; insoluble in alcohol 

Potassium Alum: Large, colorless crystals, crystalline 
fragments, or white powder. Is odo Hess, and has a sweetish, 
strongly astringent taste. Its Solutions are acid to litmus. 

Very soluble in boi ling water; freely soluble in water and in 
glycerin; rnsolubie in alcohol. 

Aluminum Acetate Topical Solution: Clear, colorless 
liguid having a fafnt odor of acetrc acid, and a sweetish, 
astringent taste. Specific gravity is about 1.02, 

Aluminum Chloride: White, or yellowish-white, dęli- 
guescent, crystalJine powder. Is practically odoriess, and has 
a sweet, very astringent taste. Its Solutions are acid to lit¬ 
mus. Very soluble in water; freely soluble in alcohol; soluble 
in glycerin, 

Aluminum Hydroxide Gel: Wbite, vrscous suspension, 
from which smali amounts of dear liquid may separate on 
standing. 

Drred Aluminum Hydroxide Gel; White, odoriess, 
tasteless, amorphous powder. Soluble in drlute minerał acids 
and in Solutions of fixed alkaJi hydroxides; insoluble in water 
and in alcohol. 

Aluminum Monostearate: Fine, white to yellowish- 
whrte, buiky powder, having a faint, characteristic odor. in- 
soluble in water, in alcohol, and in ether. NF category: Sus- 
pending and/or vrscosity-increasing agent; emoilient, 

Aluminum Oxide: Occurs as a white or aimost wbite, 
amorphous powder. It is very slightfy soluble in dllute min¬ 
erał acids and in Solutions of alkati hydroxides, It is practi- 
cally insoluble in water. NF category: Coloring agent. 

Aluminum Phosphate Gei: White, viscous suspension 
from whtch smali amounts of water separate on standing. 

Aluminum Subacetate Topical Solution: Clear, color¬ 
less or faintly yeliow liquld, having an odor of acetic acid 
and an acid reaction to litmus. Gradually becomes turbid on 
standing, through separation of a morę basie salt. 

Aluminum Sulfate: White, crystalline powder, shining 
plates, or crystalline fragments. Is stable in air. Is odoriess, 
and has a sweet taste, becoming mildly astringent. Freely 
soluble in water; insoluble in alcohol, 

Amantadine Hydrochloride: Wbite or practically white, 
crystalline powder, having a bitter taste, Freely soluble in 
water; soluble rn alcohol and in chloroform, 

Amifostine; White, crystalJine powder, Fredy soluble in 
water, 

Amikadn: White, crystalline powder. Sparingly soluble 
in water. 

Amikadn Sulfate: White, crystalline powder. Freely sol¬ 
uble in water. 

Amiforide Hydrochloride: Yeliow to greenish-yellow, 
odoriess or practically odoriess powder Freely soluble in di- 
methyl sulfoxide; sparingly solulbie in methanol; slightly sol* 
uble in water; insoluble m ether, in ethyl acetate, in ace¬ 
tone, and in chloroform. 

Amino Methaerylate Copolymer: Colorless to yeliow- 
ish granules. Soluble in acetone, in isopropyl alcohol, and in 
diluted acids; practically insoluble in water, The Solutions are 
elear to slightly cloudy. NF category: Coattng agent; poiymer 
membranę; wet binder; diluent; film-forming agent. 

Ammobenzoate Potassium: White, crystalline powder, 
The pH of a 1 fn 100 solution in water is about 7. Very 
soluble in water; soluble in alcohol; practically insoluble fn 
ether. 


Aminobenzoic Acid: White or slightly yeliow, odoriess 
ery sta Is or crystalline powder. Discolors on exposure to air 
or light Freely soluble in alcohol and In Solutions of alkali 
hydroxides and carbonates; sparingly soluble in ether; 
slightly soluble in water and in chloroform. NF category: Free 
radical scavenger. 

Aminobenzoic Acid Topicaf Solution: Straw-colored 
solution having the odor of alcohol, 

Aminocaproic Acid: Fine, white, crystalline powder, Is 
odoriess, or practically odoriess. Its Solutions are neutral to 
litmus. Melis at about 205°, Freely soluble in water, in acids, 
and in afkalies; slightly soluble rn methanol and in alcohol; 
practically insoluble in chloroform and In ether, 

Aminogfutethimide: Fine, white, or treamy white, crys¬ 
talline powder. Soluble tn most organie solvents; verv 
slightly soluble in water. Forms water-soluble salts with 
strong acids. 

Aminohippunc Acid: White, crystalline powder. DiscoL 
ors on exposure to light. Melts at about 195°, with decom- 
positbn, Freely soluble In alkaltne Solutions, with some de- 
composltion, and in diluted hydrochloric acid; sparingly 
soluble m water and in alcohol; very slightly soluble tn ben- 
zene, in carbon tetrachloride, in chloroform, and in ether, 

Aminolevulink Add Hydrochloride: White to off- 
white, odoriess, crystalline solid, Very soluble in water; 
slightly soluble in methanol and in ethanol; practically insol¬ 
uble in chloroform, in hexane, and in minerał oil. 

Aminopentamide Sulfate: White, crystalline powder. 
Fredy soluble in water and in alcohol; very slightly soluble 
in chloroform; practically insoluble in ether, 

Aminophylline: White or slightly yeilowlsh granules or 
owder, having a slight ammoniacalodor and a bitter taste. 
pon exposure to air, it gradually loses ethylenediamine and 
absorbs carbon dioxide with the fiberation of free theophyf- 
fine, Its Solutions are alkaline to litmus. One g dissofves in 
25 ml of water to glve a elear solution; 1 g dissolved in 
5 mL of water crystallizes upon standing, but redissolves 
when a smali amount of ethylenediamine is added. Insolu¬ 
ble in alcohol and in ether. 

Aminophylline Tablets: May have a faint ammoniacal 
odor. 

Aminosalicylate Sodium: White to cream-colored, erys- 
taliine powder. Is practically odoriess, and has a sweet, sa 
linę taste. Its Solutions decompose slowfy and darken in 
color. Freely soluble in water; sparingly soluble In alcohol; 
very slightly soluble in ether and in chloroform. 

Aminosalicylic Add: White or practically white, buiky 
powder, that darkens on exposure to light and air. is 
odoriess, or has a slight acetous odor. Soluble in alcohol; 
slightly soluble in water and in ether; practically insoluble in 
benzene. 

Amiodarone Hydrochloride: White or aimost white, 
fine, crystalJine powder. Freely soluble in methylene chlo- 
ride; sofuble in methanol; sparingly soluble in alcohol; very 
slightly soluble in water. 

Amitriptyline Hydrochloride: White or practically 
white, odoriess or practically odoriess, crystalline powder or 
smali crystals. Freely soluble in water, in alcohol, in chloro¬ 
form, and in methanol; insoluble in ether, 

Amlodipine Besyiate: A white or aimost white powder. 
Freely soluble in methanol; sparingly soluble in alcohol; 
slightly soluble in 2-propanol and in water, 

Strong Ammonia Solution: CJear, colorless liguid, hav- 
ing an exceedingly pungent, characteristic odor. Specific 
gravity is about 0.90. NF category: pH modifier (aadifying 
agent/alkalizing agent/buffering agent). 

Aromatic Ammonia Spirrt: Practically colorless liguid 
when recently prepared, but gradually acquiring a yeliow 
color on standing. Has the taste of ammonia, has an aro¬ 
matic and pungent odor, and is affeoted by light. Specific 
gravity Is about 0.90. 
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Ammonio Methacrylate Copolymer: Colorless, elear to 
white-opaque granules or a whtte powder, both with a faint 
amine-like odor, Soluble to freely soluble in methanol, In 
alcohoi, and in isopropyl alcohoi, eaeh of which contains 
smali amounts of water; soluble to freely soluble in aeetone, 
in ethyl acetate, and In methylene chloride. The Solutions 
are elear to slightSy cloudy. Insoluble in petroleum ether and 
in water. NF category: Coating agent; wet binder; polymer 
membranę; diluent; film-forming agent. 

Ammonio Methacrylate Copolymer Dispersion: Mllky- 
white liquids of Iow viscosity willi a faint characteristie odor. 
Misctbie with water in any proportion, the mllky-white ap- 
pearance being retained. A elear or slightly cloudy solution 
is obtained on mixing one part with five parts of aeetone, 
alcohoi, or isopropyl alcohoi. When mixed with methanol in 
a ratfo of 1:5, Ammonio Methacrylate Copolymer Dispersion 
Type A dissolves completely, and Ammonio Methacrylate 
Copolymer Dispersion Type B dissolves only partially. NF cat¬ 
egory: Coating agent; polymer membranę; wet binder; dilu¬ 
ent; film-forming agent. 

Ammonium Carbonate: White powder, or hard, white 
or trans! u cent masses, having a strong odor of ammonia, 
without empyreuma, and a sharp, ammoniacal taste, Its So¬ 
lutions are alka linę to litmus. On exposu re to air, it loses 
ammonia and carbon dioxide, becoming opaque, and is fT 
nally converted tnto friable porous lumps or a white powder 
of ammonium bicarbonate. Freely soluble in water, but is 
decomposed by hot water. NF category: pH modifier (actdi- 
fying agent/alkalizing agent/buffering agent). 

Ammonium Chloride: Colorless crystals or white, fhe 
or coarse, crystalline powder. Has a cool, salinę taste, and is 
somewhat hygroscopic. Freely soluble in water and in glyc- 
erin, and even morę so in boiling water; sparingly solub ! e in 
alcohoi. NF category: pH modifier (acidifying agent/alkalizing 
agent/buffering agent). 

Ammonium Glycyrrhizate: White or yellawish-white, 
hygroscopic powder. It is slightly soluble in water; very 
slightly soluble In anhydrous ethanol; praetically insoluble in 
aeetone. it dissoh/es in dilute Solutions of acids and of alkali 
hydroxides. NF category: Flavors and fragrance; wetting and/ 
or solubilizing agent. 

Ammonium Molybdate: Colorless or slightly greenish 
or yellowish crystals. Soluble in water; praetically insoluble in 
alcohoi. 

Ammonium Phosphate: Colorless or white granules or 
powder, having a salinę taste. Freely soluble in water; practi- 
cally insoluble in aeetone and in alcohoi. NF category: pH 
modifier (acidifying agent/alkalizing agent/buffering agent). 

Ammonium Sulfate: Colorless or white crystals or gran- 
ules that decompose at temperatures above 280". One g is 
soluble in about 1.5 mL of water. It is insoluble in alcohoi. 
The pH of a OJ M solution is between 4,5 and 6.0. 

Amobarbital Sodium: White, friable, granular powder. 

Is odorless, has a bitter taste, and is hygroscopic. Its Solu¬ 
tions decompose on standrng, heat accelerating the decom- 
position. Very soluble in water; soluble in alcohoi; praetically 
insoluble in ether and in chloroform. 

Amodraquine: Very pale yellow to light tan-yellow, 
odorless powder. Sparingly soluble in 1.0 N hydrochloric 
acid; slightly soluble in alcohoi; praetically insoluble in 
water. 

Amodiaquine Hydrochloride: Yellow, crystalline pow¬ 
der. Is odorless and has a bitter taste. Soluble in water; spar¬ 
ingly soluble In alcohoi; very slightly soluble in benzene, in 
chloroform, and in ether. 

Amoxapine: White to yellowish crystalline powder. 
Freely soluble in chloroform; soluble in tetrahydrofuran; 
sparingly soluble in methanol and in toluene; slightly soluble 
in aeetone; praetically insoluble in water. 

AmaxErfllin: White, praetically odorless, crystalline pow¬ 
der. Slightly soluble in water and in methanol; insoluble in 
benzene, in carbon tetrachloride, and in chloroform. 


Ampbetamine Sulfate: White, odorless, crystalline 
powder, having a slightly bitter taste, Its Solutions are acid 
to litmus, having a pH of 5 to 6, Freely soluble in water; 
slightly soluble in alcohoi; praetically insoluble in ether. 

Amphotericin 8: Yellow to orange powder; odorless or 
praetically so. Soluble in dimethylformamide, in dtmethyl 
sulfoxide, and in propylene glycol; slightly soluble in metha¬ 
nol; insoluble in water, in anhydrous alcohoi, in ether, in 
benzene, and in toluene. 

Amphotericin B for Injection; It ytelds a collofdal dis¬ 
persion in water. 

AmpkHlin: White, praetically odorless, crystalline pow¬ 
der. Slightly soluble in water and in methanol; insoluble in 
benzene, in carbon tetrachloride, and m chloroform. 

AmpkHlin Sodium: White to off-white, odorless or 
praetically odorless, crystalline powder. Is hygroscopic. Very 
soluble in water and tn isotonic sodium chloride and dex- 
trose Solutions. 

Amproiium (CuHięCINh ■ HCI): White to light yellow 
powder. Freely soluble in water, in methanol, in alcohoi, 
and in dimethylformamide; sparingly soluble in dehydrated 
alcohoi; praetically insoluble in isopropyl alcohoi, in butyl 
alcohoi, and in aeetone. 

Amyl Nitrite: Clear, yellowish liquid, having a pecutiar, 
ethereal, fruity odor. Is volatile even at Iow temperatures, 
and is flammable. Boils at about 96°. Praetically insoluble in 
water. Miscible with alcohoi and with ether. 

Amylene Hydrate: Clear, colorless liguid, havlng a cam- 
phoraceous odor. Its Solutions are neutral to litmus. hreely 
soluble in water. Miscible with alcohoi, with chloroform, 
with ether, and with glycerin. NF category: 5olvent. 

Anagrellde Hydrochloride: Off-white to pale pinkish 
powder. Sparingly soluble in dimethylsulfoxide and in di¬ 
methylformamide; very slightly soluble in water. 

Anastrozole: White to off-white crystalline powder. 

Very soluble in acetonttrile; freely soluble in methanol, In 
aeetone, in alcohoi, and in tetranydrofuran, 

Anethole: Colorless or faintly yellow liquid at or above 
23°. Has a sweet taste and the aromatic odor of anise. Is 
affected by light. Freely soluble in alcohoi; very slightly solu¬ 
ble in water. Readily miscible with ether and with chloro¬ 
form. NF category: Havors and fragrance. 

Anileridme: White to yellowish-white, odorless to prac- 
tically odorless, crystalline powder. Is oxidlzed on exposure 
to air and light, becoming darker in color. It exhiblts poly- 
morphism, and of two crystalline forms observed, one melts 
at about 80 & and the other at about 89°. Freely soluble in 
alcohoi and in chloroform; soluble in ether, altnough it may 
show turbidky; very slightly soluble in water. 

Aniferidine Hydrochloride: White or nearly white, 
odorless, crystalline powder. Is stable in air. Melts at about 
270°, with decomposition. Freely soluble in water; sparingly 
soluble in alcohoi; praetically insoluble in ether, and in chlo¬ 
roform. 

Antazolinę Phosphate: White to off-white, crystalline 
powder, having a bitter taste. Soluble in water; sparingly 
soluble in methanol; praetically insoluble in benzene and in 
ether. 

Anthralin: Yellowish-brown, crystalline powder. Is 
odorless and tasteless. Soluble in chloroform, in aeetone, in 
benzene, and in Solutions of alkali hydroxides; slightly solu¬ 
ble in alcohoi, in ether, and In glacial acetic acid; insoluble 
in water. 

Anticoagulant Citrate Dextrose Solution: Clear, color¬ 
less, odorless liquid. Is dextro rota tory. 

Anticoagulant Citrate Phosphate Dextrose Solution: 
Clear, colorless to slightly yellow, odorless liguid. Is dextn> 
rota tory. 

Anticoagulant Sodium Citrate Solution: Clear and col- 
orless liguid. 
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Antiheiriophific Facton White or yellowish powder. On 
constitution is opalescent with a slight blue tinge or is a 
yeflowish llguid. 

Cryoprecipitated Antihemophilic Facton Yellowish, 
frożen solid. On thawing becomes a very viscous, yellow, 
gummy liquid. 

Antrmony Potassium Tartrate: Coiorless, odorless, 
transparent crystals, or white powder. The crystals effioresce 
upon exposure to air and do not readily rehydrate even on 
exposure to high humidity. Its Solutions are acid to litmus. 
Freely soluble in boiling water; soluble in water and in glye- 
erin; insoluble in alcohoi. 

Antimony Sodium Tartrate: Coiorless, odorless, trans¬ 
parent crystals, or white powder. The crystals effioresce 
upon exposure to air. Freely soluble in water; insoluble tn 
alcohol. 

Antipyrine: Coiorless crystals, or white, crystalline pow¬ 
der. Is odorless and has a slightly bitter taste. Its Solutions 
are neutral to litmus. Very soluble in water; freely soluble in 
alcohol and in chloroform; sparingly soluble in ether. 

Antivenin (CrotaJidae) Polyvalent: Solid exhibiting the 
characteristic structure of a freeze-dried solid; light cream In 
color. 

Anth/enin (Micrurus Fulvius): Sofid exhibiting the char¬ 
acteristic structure of a freeze-dried solid; light cream in 
colon 

Apomorphine Hydrochloride: Minutę, white or gray- 
ish-white, glistening crystals or white powder. Is odorless. it 
gradually acquires a green color on exposure to light and 
air. Its Solutions are neutral to litmus. Soluble in water at 
80°; sparingly soluble in water and in alcohol; very slightly 
soluble in chloroform and in ether. 

Apradonidine Hydrochloride: White to off-white, 
odorless to practicafly odorless powder. Soluble in methanol; 
sparingly soluble in water and in alcohol; insoluble in chlo¬ 
roform, in ethyl acetate, and in hexanes, 

Aprepitant: White to off-white powder. Sparingly solu¬ 
ble in alcohol; slightly soluble In aceton itrile; practicafly in- 
sofuble in water, 

ArgJnine: White, practicafly odorless crystals. Freely sol¬ 
uble in water; sparingly soluble in alcohol; insoluble in 
ether, 

Arginine Hydrochloride: White crystals or crystalline 
powder, practicafly odorless. Freely soluble in water. 

AripiprazoJe: A white to off-white, crystalline powder, 
Freely soluble in dlchloromethane; sparingly soluble in tolu- 
ene; insoluble in methanol and in water. 

Aromatic Eltxir: NF category: Vehicle (fiavored and/or 
sweetened). 

ArsaniJic Acid: White to off-white, crystalline powder 
Melts at about 232°. Soluble in hot water, in amyl alcohol, 
and in Solutions of alkali carbonates; sparingly soluble in 
concentrated minerał acids; slightly soluble jn cold water, in 
alcohol, and In acetic acid; Insoluble in acetone, in benzene, 
in chloroform, in ether, and in dilute minerał acids. 

Articaine Hydrochloride: White or almost white, crys¬ 
talline powder Freely soiubie in water and in alcohol. 

Ascorbic Add: White or slightly yellow crystals or pow¬ 
der. On exposure to light it gradually darkens. In the dry 
state, is reasonably staole in air, but In solution rapidly oxf- 
dizes. Melts at about 190°. Freely soluble in water; sparingly 
soluble in alcohol; insoluble in chloroform, in ether, and in 
benzene. NF category: Antioxidant. 

Ascorbyl Palmitate: White to yellowish white powder, 
havinq a characteristic odor. Solubfe in alcohol; very slightly 
soluble in water and in vegetable oils. NF category: Antioxi- 
dant 

Asparagine; White crystals or a crystalline powder. Sol¬ 
uble in water; practically insoluble in alcohol and in ether. 

Its Solutions are acid to litmus. It melts at about 234°. 


Aspartame: White, odorless, crystalline powder, having 
a sweet taste. Sparingly soluble in water; slightly soluble In 
alcohol. Melts at about 246*. The pH of an 8 in 1000 solu- 
lion is about 5. NF category: Sweetening agent 

Aspartame Acesulfame; White, odorless, crystalline 
powder. Slightly soluble in water and in ethanoL NF cate¬ 
gory: Sweetening agent. 

Aspartic Add: White or almost white, crystalline pow¬ 
der, or coiorless crystals. Soluble tn dilute Solutions of alkali 
hydroxides and in dilute minerał acids; slightly soluble in 
water; practically insoluble in alcohol and in ether, 

Aspirin: White crystals, commonly tabular or needle- 
like, or white, crystalline powder. Is odorless or has a faint 
odor. Is stable In dry air; in moist air it gradually hydrolyzes 
to salicylic and acetic acids. Freely soluble in alcohol; soluble 
in chloroform and in ether; sparingly sofuble in absolute 
ether; slightly soluble in water. 

Atenolol: White or practically white, odorless powder. 
Melting point \46°-148° (crystals from ethyl acetate). Freely 
soluble in methanol; sparingly soluble In alcohot; slightly sol¬ 
uble in water and in isopropanol. 

Atomoxetine Hydrochloride: White to practically white 
solid. Sparingly soluble in water. 

Atorvastatin Calcium: White to off-white powder. Solu¬ 
ble to freely soluble in methanol; slightly soluble in alcohol; 
insoluble to very slightly soluble in distifled water, in pH 
7.4 phosphate buffer, and in aceton itrile; insoluble in aque- 
ous Solutions of pH 4 and below. 

Atovaquone: Yellow powder. Freely soluble in M- 
methyl-2-pyrrolidone and in tetrahydrofuran; soluble in 
chloroform; sparingly soluble in acetone, in di-n-butyl adi- 
pate, in dimethyl suffoxide, and in poiyethylene głycol 400; 
slightly soluble in alcohol, in 1,3-butanediol, in ethyl ace¬ 
tate, In glycerin, in octanol, and in poiyethylene cjlycol 200; 
very sllgntfy soluble in OJ N sodium hydroxide; insoluble in 
water. 

Atracurium Besylate: White to yellowish white powder, 
slightly hygroscopic, Very soluble in acetonitnle, in alcohol, 
and in methylene chloride; soluble in water. 

Atropinę: White crystals, usually needle-ltke, or white, 
crystalline powder. Its saturated solution Is alkalinę to phe- 
nolphthalein TS, Is optically inact$ve, but usually contains 
some levorotatory hyoseyamine. Freely soluble in alcohol 
and in chloroform; soluble in glycerin and in ether; slightly 
soluble in water; sparingly soluble in water at 80°. 

Atropinę Sulfate: Coiorless crystals, or white, crystalline 
powder, Odorless; effloresces in dry air; is slowly affected by 
light Very soluble in water; freely soluble in alcohol and 
even morę so in botling alcohol; freely soluble in glycerin. 

Activated Attapulglte: Cream-colored, micronized, 
nonswetlmg powder, free from grrtty particles. The high 
heat treatment used in its preparation causes it to yield only 
moderately viscous aqueous suspensions, its dispersion ton- 
sisting mainly of particie groups. Insoluble in water. NF cate¬ 
gory: Suspending and/or viscosity-increasing agent. 

Colloidal Activated Attapulglte: Cream-colored, rni- 
cronlzed, nonswelling powder, free from gritty particles. 
Yields viscous agueous suspensions, as a result of dispersion 
into its constituent ultimate particles, Insoluble in water, NF 
category: Suspending and/or yiscosity-increasing agent 

Aurothioglucose: Yellow, odorless or practically 
odorless powder. Is stable in air. An aqueous solution is un- 
stable on long standing. The pH of its 1 in 100 solution is 
about 63. Freely soluble in water; practically insoluble in 
acetone, in alcohol, in chloroform, and in ether. 

Azatadme Maleate: White to light cream-colored, 
odorless powder. Melts at about 153°. Freely soluble in 
water, in alcohol, in chloroform, and in methanol; practi¬ 
cally insoluble in benzene and in ether. 

Azathioprine: Pale yellow, odorless powder. Soluble in 
dilute Solutions of alkali nydroxides; sparingly soluble in dl- 
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lute minerał acids; very slightly soluble in alcohol and in 
chloroform; insoluble tn water, 

Azathioprine Sodiurn for Injectlon; Bright yellow, hy¬ 
groscopic, amorphous mass or take. 

Azelastine Hydrochloride: Wbite or almost white, crys- 
talllne powder; Soluble in elhanol and in methylene chlo- 
ride; sparingly soluble in water 

Azithromycin: White or almost white powder. Freely 
soluble in annydrous ethanol and in methylene chlonde; 
practically insoluble in water. 

Aztreonam: White, odorless, crystalline powder Soluble 
in dimethylformamide and in dimetnyl sutfoxide; slightly sol¬ 
uble tn methanol; very slightly soluble in dehydrated alco- 
hol; practically insoluble in etnyl aeetate, in chloroform, and 
in toluene. 

Bacampictffm Hydrochloride: White or practically white 
powder. Is hygroscopic. Freely soluble in alcohol and in 
chloroform; soluble in methylene chloride and in water; very 
slightly solubie in ether 

Bacitradn: White to pale buff powder, odorless or hav- 
ing a slight odor Is hygroscopic. te Solutions deteriorate 
rapidly at room temperaturę, fs precipłtated from its Solu¬ 
tions and is inactivated by salts of many of the heavy met- 
als. Freely soluble in water; soluble in alcohoi, in methanol, 
and In glacial acetic add, the solution in the organie sol- 
vents usually showmg some insoluble residue; insoluble n 
acetone, in chloroform, and in ether 

Bacitradn Zinc: White to pale tan powder, odorless or 
having a slight odor. Is hygroscopic. Sparingly soluble ir 
water. 

Badofen: White to off-white, crystalline powder. Is 
odorless or practically so, Slightly soluble in water; very 
slightly soluble in methanol; insoluble in chloroform, 

Bafcalazide Disodium; Orange to yellow powder. Freely 
soluble in water and in isotonic salinę; sparingly soluble tn 
methanol and in alcohol; practically insoluble in all other 
organie solvent$. 

Adhesive Bandage: The compress of Adhesive Bandage 
is substantiatly free from loose threads or ravelings. The ad- 
hesive strip may be perforated, and the back may be coated 
with a water-repellent film. 

Gauze Bandage; One continuous piece, tightly rolled, 
in vanous widths and lengths and substantially free from 
loose threads and ravelings, 

Barium Hydroxide Ume: White or grayish-white gram 
ules. May have a cofor rf an indicator has been added. A/F 
category: Sorbent, carbon dioxide. 

Barium Sulfate: Fine, white, odorless, tasteless, bulky 
powder, free from grittiness. Practically insoluble in water, in 
organie solyents, and in Solutions of acids and of alkalies. 

Barium Sulfate for Suspenston: White or colored, 
bulky or granular powder. 

BCG Vacdne: White to creamy white, dried mass, hav- 
ing the characteristic texture of materiał dried in the frozen 
State. 

Beclomethasone Diproptonate: White to cream white, 
odorless powder. Very soluble in chloroform; freely soluble 
in acetone and in alcohol; very slightly soluble in water. 

Behenoyi Polyoxy(glycerides: Waxy solid or fine pow¬ 
der, Solubie in methylene chloride; insoluble in alcohol; dis- 
persible in water. NF cotegory: Lubricant; emulsifying agent; 
wetting and/or solubilizing agent. 

Belladonna Leaf: When moistened, its odor is slight, 
somewhat tobacco-Hke. Its taste is somewhat bitter and ac- 
rid. 

Benazepril Hydrochloride: White to off-white, crystal¬ 
line powder. Soluble In water, in methanol, and in alcohol, 

Bendroffumethiazide: White to cream-colored A finely 
divided, crystalline powder. Is odorless, or has a slight odor. 


Melts at about 220°. Freely soluble in alcohol and in ace¬ 
tone; practically insoluble in water. 

Benoxinate Hydrochloride: White, or slightly off-white, 
crystals or crystalline powder. Is odorless, or has a slight 
characteristic odor, has a sal ty taste, and exhibits loeaf anes- 
thetic properties when placea upon the tongue. Its Solutions 
are neutral to litmus, and it melts at about T58*. Very solu¬ 
ble In water; freely soluble in chloroform and in alcohol; 
insoluble in ether. 

Bentonite: Very fine, odorless, pale buff or cream- 
colored to grayish powder, free from grit. Has a slightly 
earthy taste, Is hygroscopic, Insoluble in water, but swells to 
approxfmately twelve times its volume when added to 
water; insoluble in, and does not swell in, organie solyents. 
NF category: Suspending and/or viscosity-increasing agent. 

Purffied Bentonite: Odorless, tasteless, fine (micron- 
fzed) powder or smali flakes that are creamy when v?ewed 
on their fiat surfaces and tan to brown when viewed on 
their edges, Insoluble in water and in alcohol. Swells when 
added to water or glycerin. NF category: Suspending and/or 
yiscosity-increasing agent. 

Bentonite Magma; NF cotegory: Suspending and/or yis¬ 
cosity-increasing agent. 

Benzaldehyde: Colorless, strongly refractive liquid, Is 
affected by fight. Slightly soluble in water. Miscibie with al¬ 
cohol, with ether, and with fixed and volatile oils. The spe- 
cific gravity is 1.041-1.046 at 25° (see Specific €ravity 
<841$, and the refractive index ts 1.544-1,546 at 20° (see 
Refractive lrtdex (831)). NF category: F!avors and fragrance. 

Benzaldehyde Elixir, Compound: NF category: Flavored 
and/or sweetened yehicle. 

Benzalkonium Chloride: White or yellowish-white, 
threk gel or gelatinous pieces. Usualfy has a mild, aromatic 
odor, te aqueous solution has a bitter taste, foams strongly 
when shaken, and usually is slightly alkaline. Very soluble in 
water and in alcohol. Annydrous form freely soluble in ben- 
zene, and slightly solubie in ether. NF category: Antimicro- 
bial preservative; wetting and/or solubilizing agent; emulsi¬ 
fying agent, 

Benzalkonium Chloride Solution: Clear liguid; colorless 
or slightly yellow unless a coior has been added. Has an 
aromatic odor and a bitter taste. NF category: Antimicrobial 
preservative. 

Benzethonium Chloride: White crystals, having a mild 
odor. Its solution (1 In 100) is slightly alkaline to litmus. 
Soluble in water, in alcohoi, and in chloroform; slightly solu¬ 
ble in ether, NF category: Antimicrobial preservative; wetting 
and/or sofubilizing agent. 

Benzethonium Chloride Solution: Odorless, elear lig¬ 
uid, slightly alkaline to litmus. 

Benzethonium Chloride Tincture: Clear Iiquid, having 
the characteristic odor of acetone and of alcohol. 

Benzocalne: Smali, white crystals or white, crystalline 
powder. Is odorless, Is stable in air, and exhibits local anes- 
thetic properties when placed upon the tongue. Freeiy solu¬ 
ble in alcohol, in chloroform, and in ether; sparingly soluble 
in aimond oil and in olive oil; very slightly soluble in water. 
Dissolves in dilute acids. 

Benzoic Acid: White crystals, scales, or needles. Has a 
slight odor, usually suggesting benzaldehyde or benzoin. 
Somewhat volati!e al moderately warm tempera tu res. Freely 
volatile in steam. Freely soluble in alcohoi, in chloroform, 
and in ether; slightly soluble in water NF category: Antimi- 
crobiai preservative. 

Benzoin: Sumatra Benzoin has an aromatic and bal¬ 
samie odor. When heated it does not emit a pinaceous 
odor. When Sumatra Benzoin is digested with boiling water, 
the odor suggests cinnamates or storax, Its taste is aromatic 
and slightly acrid. Siam Benzoin has an agreeable, balsamie, 
vamlla-like odor. Its taste is aromatic and slightly acrid. 
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Benzonatate: Clear, pale yellow, vlscous liquid, having 
a faint, characterfstic odor. Has a bitter taste, and exhlbits 
local anesthetic properties when placed upon the tongue. 
Misdble wkh water in aII propartions* Freely soluble in chlo¬ 
roform, in alcohol, and tn benzene. 

Hydrous BenzoyJ Peroxide: White, granular powder, 
havfng a characteristic odor, Soluble in acetone, in chloro¬ 
form, and in ether; sparingly soluble in water and in alco¬ 
hol. 

Benzoyl Peroxide Gel; A soft, white gel, having a char- 
acteristic odor. 

Benzoyl Peroxide Lotion: White, viscous, creamy lo- 
tion, having a characteristic odor. 

Benztropine Mesylate: White, sfightly hygroscopic, 
crystalline powder. Very soluble in water; freely soluble in 
alcohol; very sfightly soluble in ether. 

Benzyl Alcohol: Clear, toforless, oily liquid. Boils at 
about 206°, without decomposition. is neutral to litmus. 
Freely soluble in 50% alcohof; sparingly sofuble in water. 
Misdble with alcohol, with ether, and with chloroform, The 
spedfit gravity is between 1.042 and 1.G47. NF category: 
Anttmicroblal preservative; sofvent 

Benzyl Benzoate: Ciear, coloriess, oily liquid having a 
slight aromatic odor and produdng a sharp, burning sensa- 
tion on the tongue, Practicaily insoluble in water and in 
glycerin. Miscible with alcohol, with ether, and with chloro¬ 
form, NF category: 5olvent; emulsifying agent; pfasticizer. 

Beta Carotene: Red or reddish-brown to violet-brown 
crystals or crystalline powder. Soluble in carbon disulfide, in 
benzene, and in chloroform; sparingly soluble in ether, in 
solvent hexane, and in vegetable oils; practicaily insoluble in 
methanol and in alcohol; insoluble in water, rn acids, and in 
alka li es. 

Betadex: White, practicaily odorless, fine crystalline 
powder havtng a slightly sweet taste. Sparingly soluble in 
water. NF category: Seguestering agent; chelating and/or 
complexing agent* 

Betadex Sulfobutyl Ether Sodium: White to off-white, 
amorphous powder. Freely soluble in water; sparingly solu- 
ble in methanol; practicaily insoluble in ethanol, in n-hex- 
ane, rn 1-butanol, in acetonitrile, in 2-propanol, and in ethyl 
acetate. NF category: Chelating and/or compIexing agent; 
seguestering agent; wetting and/or solubiiizing agent. 

Betahistrne Hydrochloride: White to almost yellow, 
crystalline powder, Very hygroscopic. Melts between 151° 
and 154*. Very soluble in water; freely soluble in alcohol; 
practicaily insoluble in isopropyl alcohol. 

Betaine Hydrochloride: White, crystalline powder. Sol¬ 
uble in water and in alcohol; practicaily insoluble in chloro¬ 
form and in ether. 

Betamethasone: White to practicaily white, odorless, 
crystalline powder. Melts at about 240°, with some decom- 
position. Sparingly soluble in acetone, in alcohol, in diox- 
ane, and in methanol; very slightly soluble in chloroform 
and in ether; insoluble in water. 

Betamethasone Acetate: White to creamy white, 
odorless powder. Sinters and resolidffies at about 165°, and 
remelts at about 200° or 220 c , with decomposition (see 
Melting Rangę or Temperaturę (741)). Freely soluble in ace- 
Lone; soluble in alcohol and in chloroform; practicaily insolu¬ 
ble in water. 

Betamethasone Benzoate: White to practicaily white, 
practicaily odorless powder. Melts at about 220°, with de¬ 
composition. Soluble in alcohol, in methanol, and in chloro¬ 
form; insoluble in water* 

Betamethasone Dipropionate: White to cream-whrte, 
odorless powder. Freely soluble in acetone and in chloro¬ 
form; sparingly soluble in alcohol; insoluble in water. 

Betamethasone Sodium Phosphate: White to practi¬ 
caily white, odorless powder. Is hygroscopic. Freely soluble 


in water and in methanol; practicaily insoluble in acetone 
and in chloroform. 

Betamethasone Valerate; White to practicaily white, 
odorless powder. Melts at about 190*, with decomposition, 
Freely soluble in acetone and in chloroform; soluble in alco¬ 
hol; slightly soluble in benzene and in ether; practicaily in- 
soluble in water. 

Betaxolol Hydrochloride: White, crystalline powder. 
Fredy soluble in water, in alcohol, in chloroform, and In 
methanol. 

Bethanechol Chloride: Coloriess or white crystals or 
white, crystalline powder, usually having a slight, amine-like 
odor. fs hygroscopic. Exhibits polymorpnism, and of two 
crystalline forms observed, one melts at about 211° and the 
other melts at about 219°. Freely soluble in water and in 
alcohol; insoluble rn chloroform and in ether. 

Bicalutamide: Fine, white to off-white powder. Freely 
soluble in tetrahydrofuran and in acetone; soluble in aceto¬ 
nitrile; sparingly soluble in methanol; slightly soiuble in alco¬ 
hol. 

Biotin: Practicaily white, crystalline powder. Very 
slightly soluble in water and in alcohol; insoluble in other 
common organie solvents. 

Biperiden: White, practicaily odorless, crystalline pow¬ 
der. Freely soluble In chloroform; sparingly soluble in alco¬ 
hol; practicaily insoluble In water. 

Biperiden Hydrochloride: White, practicaily odorless, 
crystalline powder. Melts at about 275®, with decomposi¬ 
tion, Is optically inactive. Sparingly soluble in methanol; 
slightly soluble in water, in ether, in alcohol, and in chloro¬ 
form. 

Blsacodyk White to off-white, crystalline powder, in 
which the number of partldes havinq a longest diameter 
smalfer than 50 |im predominate, Soluble in chloroform and 
in benzene; sparingly soluble in alcohol and in methanol; 
slightly soluble in etner; practicaily insoluble in water, 

Milk of Bismuth: Thick, white, opague suspension that 
separates on standing. Is odorless and practicaily tasteless. 
Miscible with water and with alcohol. 

Bismuth Cftrate: White, amorphous or crystalline pow¬ 
der. Stable in air. Melts at about 300°, with decomposition. 
Soluble in ammonia TS and in Solutions of aikali citrates; 
insoluble in water and in alcohol. 

Bismuth Subcarbonate: White or almosl white powder. 
Practicaily insoluble in water, in alcohol, and in ether. Dis- 
solves in dilute acids with efferveseenee. 

Bismuth Subgaltate: Amorphous, brrght yellow pow¬ 
der. Is odorless and tasteless. Is stable In air, but is affected 
by light. Dissolves readily with decomposition in warm, 
moderately dilute hydrachloric, nitric, or sulfuric acid; read¬ 
ily dissolved by Solutions of aikali hydroxides, forming a 
elear, yellow liguid that rapidly assumes a deep red colon 
Practicaily insoluble in water, in alcohol, in chloroform, and 
in ether; insoluble in very dilute minerał acids. 

Bismuth Subnltratę: White, slightly hygroscopic pow¬ 
der* Practicaily insoluble in water and in alcohol; readily dis- 
solved by hydrochloric acid or by nitric acid. 

Bismuth Subsalkylate: Fine to off-white, microcrystah 
linę, odorless, tasteless powder. Practicaily insoluble in 
water, in alcohol, and in ether, Reacts with alkalies and min¬ 
era! acids. 

Bisoprolol Fumarate; White, crystalline powder, Very 
soluble in water and in methanol; freely soluble in chloro¬ 
form, in glacial acetic acid, and in alconol; slightly soluble in 
acetone and in ethyl acetate. 

Bleomydn Sulfate: Cream-colored, amorphous pow¬ 
der. Very soluble in water. 

Anti-A Blood Grouping Serum: Liguid Serum is a elear 
or slightly opaiescent fluid unless artifidally colored blue. 
Driea Serum is light yellow to deep cream color, unless arti- 
ficially colored as indkated for liguid Serum. The liguid Se- 
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rum may develop slight turbidity on storage. The dried Se¬ 
rum may show slight turbidity upon reconstitution for use. 

AnEi-B Blood Grouping Serum: Ligurd Serum is a elear 
or slightly opalescent flufcl unless artificially colored yellow. 
Dried Serum is light yellow to deep eream color, uniess arti¬ 
ficially colored as indfeated for liguid Serum, The liguid Se- 
fum may deve!op a slight turbidity on sto ragę. The dried 
Serum may show slight turbidity upon reconstitution for 
use. 

Blood Grouping Serums Anti-D, Anti-C^ AntbE, AnEt-e, 
Artti-e: The liquid Serums are elear, slightly yellowish 
ffuids, that may deve!op slight turbidity on sto ragę. The 
dried Serums are light yellow to deep cream color. 

Blood Group Specific Substances A, B, and AB: Clear 
solution that may have a slight odor because of the preser- 
vative* 

Red Biood Cells: Dark red in color when packed, May 
show a slight creamy layer on the surface and a smali super- 
natant layer of yellow or opalescent plasma. Also supplied In 
deep-frożen form with adcled cryophylactic substance to ex- 
tend storage time* 

Whole Blood: Deep red, opague Jiquid from which the 
corpuscles readify settle upon standing for 24 to 48 hours, 
ieaving a dear, yellowish or pinkish supernatant layer of 
plasma* 

Boric Acid: Colorless, odorless scales of a somewhat 
pearly luster, or crystals, or white powder that es slightly 
unctuous to the touch. is stable in air. Freely soluble in glyc- 
erin, in boi ling water, and in boiling alcohol; soluble in 
water and In alcohol. NF category; pH modifier (acidifying 
agent/alkalizlng agent/buffenng agent); antimicrobial oreser- 
vative, 

Botulism Antitoxin: Transparent or slightly opalescent 
liqwd, practically colorless, and practically odorless or hav- 
ing an odor because of the antimicrobial agent. 

BreEylium Tosylate: White, crystaNine powder. Is nygro- 
scopic. Freely soluble in water, in methanof, and in alcohol; 
practically insolubfe in ether, in ethyl acetate, and in hex- 
ane. 

Brinzolamide: White or almost white powder. Slightly 
soluble in alcohol and in methanol; insoluble in water. 

Bromocrlptine Mesylate: White or slightly colored, fine 
aystalline powder, odorless or having a weak, characteristic 
odor. 

Bromodiphenhydramme Hydrochloride: White to pale 
buff, crystalltne powder, having no morę than a faint odor. 
Freely soluble in water and in alcohol; soluble in isopropyl 
alcohof; insoluble In ether and in solvent hexane. 

Brompheniramine Maleate: White, odorless, crystalllne 
powder. Fredy soluble in water; soluble in alcohol and in 
chloroform; slightly soluble in ether and in benzene. 

Budesonide: White to off-white, odorless, crystalllne 
powder, Freely soluble in chloroform; sparingly soluble in 
alcohol; practically insoluble in water and in heptane, 

Bumetanrde: Practically white powder* Soluble in alka- 
linę Solutions; slightly soluble in water* 

Bupivacaine Hydrochloride: White, odorless, crystalline 
powder. Melts at about 248°, with decomposition. Freely 
soluble in water and in alcohol; slightly soluble in chloro¬ 
form and in acetone. 

Supivacaine Hydrochloride Injection: Clear, colorless 
solution. 

Bupivacaine Hydrochloride and Epinephrine Injection: 
Clear, colorless solution. 

Buproplon Hydrochloride: White powder, Soluble in 
water, rn 0.1 N hydrach lorlc aerd, and in alcohol. 

Buspirone Hydrochloride: White crystalline powder. 

Very soluble in water; freely soluble in methanol and in 
methyiene chloride; sparingly soluble In ethanoi and in ace¬ 


ton itrile; very slightly soluble in ethyl acetate; practically in¬ 
soluble in hexanes. 

Busulfan: White, crystalline powder. Sparingly soluble 
In acetone; slightly soluble in alcohol; very slightly soluble in 
water. 

Butabarbital: White, odorless, crystalline powder. Solu¬ 
ble in alcohol, in chloroform, in ether, and in Solutions of 
alka li hydroxides and carbonates; very slightly soluble in 
water. 

ButabarbiEal Sodium: White powder, havlng a bitter 
taste. Freely soluble in water and in alcohol; practically inso'- 
uble in absolute ether* 

Butalbital: White, crystalline, odorless powder, having a 
slightly bitter taste. Is stanie in air. Its saturated solution is 
acid to litmus. Freeiy soluble in alcohol, in ether, and in 
chloroform; soluble in boiling water, and in Solutions of 
fixed alkalies and alka!i carbonates; slightly soluble in cold 
water, 

Butamben: White, crystalline powder. Is odorless and 
tasteless* Soluble in dli u te adds, in alcohol, in chloroform, in 
ether, and in fixed oils; very slightly solubie in water* Is 
slowly hydrolyzecl when boiled with water. 

Butane: Colorless, flammable gas (boiling temperaturę 
is about -G.5 P ). One voiume of water dissolyes 0.15 volume, 
and 1 vo!ume of alcohol dissolves 18 volumes at 17° and 
770 mm; 1 volume of ether or chloroform at 17° dissolves 
25 or 30 volumes, respectivety. Vapor pressure at 21° is 
about 1620 mm of mercury (1 7 psig)* NF category: Propeh 
lant, 

Butoconazole Nitrate: White to off-white, crystalline 
powder, Melts at about 160°. Sparingly soluble in methanol; 
slightly soluble in acetonltrile, in acetone, rn dichforometh- 
ane, and in tetra hydro fu ran; very slightly soluble rn ethyl 
acetate; practically insoluble in water, 

Butorphanoi Tartrate: White powder. Its Solutions are 
sfightly addic. Melts between 217° and 219°, with decom- 
position. Soluble in dl lute adds; sparingly soluble in water; 
slightly soluble in methanol; insoluble in alcohol, in chloro¬ 
form, in ethyl acetate, In ethyl ether, and in hexane. 

Butyl Alcohof: Clear, colorless, mobile licjuid, having a 
characteristic, penetrating vinous odor. Soluble in water* 
Miscible with alcohol, with ether, and with many other or¬ 
ganie solvents. NF category: Solvent 

Butylene Glyeof: Clear, colorless, hygroscopic, viscous 
liauid, It is miscible with water, with acetone, and with 
etner in all proportions; immlsdble with fixed oils. It dis- 
solves most essential oifs and synthetic flavoring substances. 
NF category: Solvent; wetting and/or solubilizing agent. 

Butyl PalmitosEearate: Colorless or pale yellowish waxv 
solid at temperatures below 17 P ~24° or colorless or pale yef- 
lowish liquid at temperatures of 1 7 C -24 D or above. Soluble 
In acetone, in alcohol, in ether, in minerał oils, and In vege- 
table oils; practically insoluble in water and in propylene 



Butyl Stearate: Colorless or pale yellowish waxy solid at 
temperatures below 19°-24 p or colorless or pale yellowish 
liquid at temperatures of 19 a -24° or above. Soluble in ace¬ 
tone, In alcohol, in ether, in minera! oils, and in vegetable 
oils; practically insoluble in water and in propylene glycol. 

NF category: Emulsifying and/or solubilizing agent; flavors 
and fragrance; plasticizer* 

Butylated Hydroxyanlsole: White or slightly yellow, 
waxy solid, having a faint, characteristic odor, Freely soluble 
in alcohol, in propylene glycol, in chloroform, and in ether; 
insoluble in water* NF category: Antioxidant. 

Butyfated Hydroxytoluene: White, crystalline solid, 
having a faint, characteristic odor* Freely soluble in alcohol, 
in chloroform, and in ether; insoluble in water and in pro¬ 
pylen e glycol. NF category: Antioxidant. 
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Butyl paraben: Smali, colorless crystals or white powder. 
Freely soluble in acetone, in alcohol, in ether, and m propyl- 
ene glycot; very slightly soluble in water and in glycerin. NF 
category: Antimicrobial preservative. 

Cabergoline: WhEte or almost white, crystalline or 
amorphous powder, Freely soluble in alcoho! (96%); slightly 
soluble in GJ M hydroehloric acid; very slightly soluble in 
hexane; practically insoluble in water 

Caffeine: White powder or white, gfistening needles, 
usually matted togetner. Is odorless and has a bitter taste* 

Its Solutions are neutral to litmus, The hydrate is efflorescent 
in air. Freely soluble in chloroform; sparingly soluble in 
water and In alcohol; slightly soluble in etner. 

Calamine: Pink, odorless, practically tasteless, fme pow¬ 
der. Solubfe in minerał acids; insoluble fn water. 

Caicipotriene: White or almost white crystalline pow¬ 
der* Freely soluble in alcohol; slightly soluble in methyfene 
chloride; practically insoluble in water. 

Calcitriol: White or almost white crystals* Freely soluble 
in alcohol; soluble in ether and in fatty oils; practically insol- 
uble in water. It is sensitive to air, heat, and light. 

Caicium Acetate: White, odorless or almost odorless, 
hygroscopic, crystalline powder When heated to above 
160°, it decomposes to caicium carbonate and acetone. 
Freely soluble in water; slightly soluble in methanol; practi¬ 
cally insoluble in acetone, in oehydrated alcohol, and in 
benzene, NF category : Antimicrobial preservative; sequester- 
ing agent. 

Caicium Ascorbate: White to slightly yellow, practically 
odorless powder Freely soluble in water (approximately 
50 g per fOOmL); slightly soluble in alcohol; insoluble in 
ether 

Caldum Carbonate: Fine, white, odorless, tasteless, mi- 
crocrystalline powder. is stable in air. Practically insoluble in 
water. Its solubility in water is increased by the presence of 
any ammonium salt or of carbon dioxide* The presence of 
any ajkali hydroxtde reduces its solubility. Insoluble in alco- 
hol. Dissolves wfth effervescence in 1 N acetic add, in 3 N 
hydroehloric acid, and En 2 N nitric add, NF category: Dilu- 
ent; plH modifier (acidifying agent/alkalizing agent/bufferinę 
agent); coating agent; wet binder. 

Caldum Chloride: White, hard, odorless fragments or 
granules. Is deliguescent. Very soluble in boiling water; 
freely soluble En water, In alcohol, and En boi ling alcohol. NF 
category: Desiccant; antimicrobial preservatlve, 

Caicium Citrate: WbEte, odorless, crystalline powder 
Freely soluble in diluted 3 N hydroehloric acid and in diluted 
2 N nitric acid; slightly soluble in water; insoluble in alcohol. 

Caicium Gluceptate: White to faintly yellow, amor¬ 
phous powder Is stable in air, but the hydrous forms may 
lose part of their water of hydration on standing* Freely sol¬ 
uble in water; insoluble in alcohol and in many other or¬ 
ganie soEvents* 

Caldum Gluconate: White, crystalline, odorless, taste¬ 
less granules or powder* Is stable in air Its Solutions are 
neutral to litmus. Freely soluble in boiling water; sparingly 
(and slowly) soluble in water; Insoluble in alcohol. 

Caldum Hydroxide: White powder. Has an alkaline, 
slightly bitter taste. Soluble in glycerin and in syrup; slightly 
soluble in water; very slightly sofuble in boiling water; insol¬ 
uble in alcohol, NF category: pH modifier (acidsfying agent/ 
alkalizing agent/buffering agent), 

Caldum Hydroxide Solution: Gear, colorless liquid 
having an alkaline taste* Is alkaline to litmus. 

Caicium Lactate: White, practically odorless granules or 
powder The pen ta hydrate is somewhat efflorescent and at 
120° becomes anhydrous* The pentahydrate is soluble in 
water; it Is practically insoluble in alconol. NF category: pH 
modifier (acidifying agent/alkalizing agent/buffering agent); 
antimicrobial preservative; wet binder 


Caldum Levulinate: White, crystalline or amorphous, 
powder, havmg a faint odor suqgestive of bumt su gar Has 
a bitter, salty taste. Freely soluble in water; slightly soluble 
in alcohol; insoluble in ether and in chloroform. 

Caldum Pantothenate: Slightly hygroscopic, white 
powder. Is odorless and has a bitter taste* Freely soluble in 
water; soluble in glycerin; practically insoluble in alcohol, in 
chloroform, and in ether. 

Racemic Caldum Pantothenate: White, slightly hygro¬ 
scopic powder, having a faint, characteristic odor, and a bit¬ 
ter taste. Is stabEe fn air. Its Solutions are neutral or alkaline 
to litmus* Is optically inactive* Freely soluble in water; solu¬ 
ble in glycerin; practically insoluble in alcohol, in chloro¬ 
form, and in etner. 

Drbask Caldum Phosphate: White, odorless, tasteless 
powder. Is stable fn air, Soluble in 3 N hydroehloric acid and 
in 2 N nitric acid; practically insoluble in water; insoluble in 
alcohol* NF category: Diluent 

Tribasfc Caicium Phosphate: White, odorless, tasteless 
powder. Is stable in air. Freely soluble in 3 N hydroehloric 
add and in 2 N nitric acid; practically insoluble in water; 
insoluble in alcohol. NF category: Diluent; pH modifier (acidi¬ 
fying agent/alkalizing agent/buffering solution); glidant and/ 
or anticaking agent. 

Caldum Polycarbophil: White to creamy white pow¬ 
der. Insoluble in water, in dilute acids, in dilute alkalies, and 
in common organie solvents* 

Caldum Proplonate: Occurs as a white crystalline solid. 
One g dissolves in about 3 ml of water NF category: Anti- 
mierdoiai preservative* 

Caldum Saccharate: White, odorless, tasteless, crystal- 
llne powder. Soluble in dilute minerał acids and in Solutions 
of caicium gluconate; slightly soluble in boiling water; very 
slightly soluble in alcohol, and in cold water; practically in- 
sofuble in ether and in chloroform* 

Caicium Silicate: White to off-white, free-flowing pow¬ 
der that remains so after absorbing relatively iarge amounts 
of water or other liauids. Insoluble in water, Forms a gel 
wEth minerał acids* NF category: Glidant and/or anticaking 
agent* 

Caldum Stearate: Fine, white to yellowish-white, bulky 
powder having a slight, characteristic odor. Is unctuous, and 
is free from grlttiness. Insoluble in water, In alcohol, and in 
ether. NF category: Lubricant 

Caicium Sulfate: Fine, white to slightly yellow-whlte, 
odorless powder. Soluble in 3 N hydroehloric add; slightly 
soluble in water. NF cotegory: Desiccant; diluent. 

Caldum Undecylenate: Fine, white powder, having a 
characteristic odor and no grit Slightly soluble in hot alco¬ 
hol; practically insoluble in water, in ether, in chloroform, in 
acetone, and in cold alcohol. 

Camphor: Colorless or white crystals, granules, or erys- 
tailine masses; or colorless to white, translucent, tough 
masses* Has a penetratmg, characteristic odor and a pun- 
gent, aromatic taste. Speofic gravity Is about 0*99* Slowly 
volatilizes at ordinary temperatures. Slightly soluble In water; 
very soluble in alcohol, in chloroform, and En ether; freely 
soluble In carbon dlsulficle, in solvent hexane, and in fixed 
and volatile oEls, 

Candelilla Wax: A hard, yellowish-brown-opaque to 
translucent wax. Its specific gravity is about 0,983. Soluble 
in chloroform and in toluene; insoluble in water* 

Candesartan Glexetil: White Lo off-white powder. 
Sparingly soluble in methanol; practically Ensoluble in water. 

Canola OH: Clear, pale yellow, slightly viscous liquid, 
Practically insoluble In water and in alcohol. Mfsdble with 
light petroleum (bp: 40° to 60 c ). NF category: $olverU; 
emollrent; vehicle (oleaginous). 

Capecitabine: White to off-white crystalline powder. 
Freely soluble in methanol; soluble in acetonitrile and in al¬ 
coho]; sparingly soluble in water. 
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Capreomydn Sulfate: Wbite to practically wbite, amor- 
phous powder. Freely soluble m water; practicalfy insoiuble 
in most organie solvents, 

Caprylic Add; Clear, coloriess or slightly yellowish, orły 
liquicL Very sotuble in acetone and in alcohol; very slightly 
soluble in water. !L dtssolves in dii u te Solutions of alkan hy- 
droxides. NF category: Emulsifying agent. 

Caprylocaproyl Polyoxylglycerides: Pale ydiow, oily 
Irguids. Dispersibfe in hot water; freeiy solubfe in methylene 
chloride. NF category: Ointment base; solvent; wetting and/ 
or sdiubitizing agent; emulsifying agent. 

Capsaicin: Off-white powder* Melts at about 65°. Solu- 
ble in alcohol, in benzene, in chloroform; slightly soluofe in 
carbon disulfrde; practically insoiuble in cold water. 

Capsicum Oleoresin: Dark red, oily tiguid. Solubfe in 
afcoboi, in acetone, in ether, in chloroform, and in voJati!e 
oifs; soluble with opalescence rn fixed oits. 

Captopril: White to off-white, crystalline powder, which 
may have a characteristic, sulfide-fike odor, Melts in the 
rangę of 104 ,: ' to 110°* Freely soluble in water, in methanol, 
rn alcohol, and in chloroform. 

Caramel: Thick, dark brown liguid having the chsrac- 
teristic odor of bumt sugar, and a pleasant, bitter taste, One 
art dissoived in 1000 parts of water yields a efear solution 
aving a distinct yellowish-orange colon The color of this 
solution is not changed and no precipitate is formed after 
exposure to sunlight for 6 hours. When spread in a thin 
layer on a glass piąte, it appears homogeneous, reddish- 
brown, and transparent. Miscible with water. Soluble in di- 
lute alcohol up to 55% (v/v). Immiscibfe with ether, with 
chloroform, with acetone, with benzene, and with solvent 
hexane. NF category: Coioring agent. 

Carbachol: White powder. Freely soluble in water; spar- 
ingly soluble rn alcohol; practically insoiuble in chloroform 
and in ether, 

Carbamazepine: White to off-white powder. SoJuble m 
alcohol and in acetone; practically insoiuble in water. 

Carbamide Peroxrde Topical Solution: Clear, coloriess, 
viscous liquid, having a characteristic odor and taste. 

Carbeniciflm Disodium: White to off-white, crystaltine 
powder. Freely soluble in water; soluble in alcohol; practi- 
cally insoiuble in chloroform and in ether 

Carbenicillin indanyl Sodrum: White to off-white pow¬ 
der. Soluble in water and in alcohol 

Carbidopa: White to creamy white, odorless or practi¬ 
cally odorless, powder. Freely soluble in 3 N hydrochforic 
add; slightly soi u ble in water, and rn methanol; practically 
insoiuble in alcohol, in acetone, in chloroform, and in ether. 

Carbinoxamme Maleate: White, odorless, crystalline 
powder* Very sotuble rn water; freely soluble in alcohol and 
in chloroform; very slightly soluble in ether. 

Garbol-Fuehsin Topical Soiutron: Dark purple Irguid, 
which appears purplisn red when spread in a thin film. 

Carbomer 910; White, fluffy powder, havinq a slight, 
characteristic odor. Is hygroscopic. The pH of a 1 in 100 
dispersion is about 3. When neutralized with sikali hydrox- 
ides or with amines, it dissolves in water, in alcohol, and En 
gfycerin. NF category: Suspending and/or viscosity-increasing 
agent. 

Carbomer 934: See Carbomer 910. 

Carbomer 934P: See Carbomer 910\ 

Carbomer 940: See Carbomer 910. 

Carbomer 941: See Carbomer 910. 

Carbomer 1342: See Carbomer 910 . 

Carbomer Copolymer: White, hygroscopic powder. It 
swells in water wnen a dispersion of it is neutralized with 
sodium hydroxide to a pH within the rangę of 7,3 to 7.8, 

NF category: Emulsifying agent; suspending and/or viscos- 
ity-increasjng agent; wet binder; polymers Tor ophthalmic 
use; release-modifying agent. 


Carbomer Homopolymer: White, fluffy hygroscopic 
powder, having a slight, characteristic odor. Tne pH of a 1 
in 100 dispersion in water is about 3. When neutralized with 
aikali hydroxrdes or with amines, it swells giving the appear- 
ance or dissolvlng in water; when neutralized with lower 
amines and afkanolamines, it swells giving the appearance 
of disso[vinq in methanol or gfycerin; when neutralized with 
ethoxylated lonq-chain (Cn-Ci«) amines, it swells giving the 
appearance of dtsso[ving in ethanol NF category: Wet 
binder; suspending and/or viscosity-inereasing agent; emul¬ 
sifying agent; polymers for ophthalmic use; release-modify¬ 
ing agent 

Carbomer Interpolymer: White, hygroscopic powder. 

It swells in water when a dispersion of Et is neutralized with 
sodium hydroxide to a pH within the rangę of 5.5 to 9. NF 
category: Emulsifying agent; suspending and/or yiscosfty in- 
creasing agent; wet binder; polymers for ophthalmic use; 
release-modifying agent 

Carbon Dioxide: Odorless, coloriess gas* Its Solutions 
are add to litmus. One L at 0° and at a pressure of 760 mm 
of mercury weighs 1.977 g. One vo!ume dissolves in about 
1 yolume of water* NF category: Air displacement; propel- 
lant 

Carboprost Tromefhamine: White to off-white pow¬ 
der. Soluble in water, 

Carboxymethyke[lulose Caldum: White to yellowish- 
white powder. Is hygroscopic, Practically insoiuble in alco- 
hol, in acetone, in ether, in chloroform, and in benzene* It 
swells with water to form a suspension; the pH of the sus- 
pension, obtained by shaking 1 g with 100 ml of water, is 
between 4*5 and 6.0. NF category: Suspending and/or vis- 
cosity-increasing agent; coating agent; emulsifying agent; 
film-forming agent; disintegrant. 

Carboxymethylcel[uIose Sodium: White to cream- 
colored powder or granules. The powder is hygroscopic, Is 
easily dispersed in water to form colloidal Solutions. Insolu- 
ble in alcohol, in ether, and In most other organie solvents. 
NF category: Coating agent; suspending and/or viscosity-in- 
creasing agent; wet binder; film-forming agent; release- 
modifying agent; disintegrant. 

CarboxymethykeIluiose Sodium 12: Coloriess or white 
to off-white powder or gra nu [es. is odorless, Water solu bilety 
depends on degree of substitution (easiiy dispersed in water 
at ad temperatures, forming a elear, colloidal solution). In- 
sofuble in acetone, in alcohol, in ether, and in toluene. NF 
category: Suspending and/or yiscosity-increasing agent 

Enzymatically-Hydrofyzed Carboxymethylcellulose So¬ 
dium: White or slightly yellowish or graylsh, odorless, 
slightly hygroscopic granular or fibrous powder. Soluble in 
water; insoiuble in alcohol. NF category: Coating agent; sus¬ 
pending and/or viscosity-Encreasing agent; film-forming 
agent. 

Low-Substituted Carboxymethylcel]ulose Sodium: A 
white or afmost white powder or snort fibers, Practicalfy in- 
soluble in acetone, in alcohol, and in toluene. It swells in 
water to form a gel 

Carisoprodol: White, crystalline powder, having a mild, 
characteristic odor and a bitter taste. Freeiy soluble in alco¬ 
hol, in chloroform, and In acetone; very slightly solubfe in 
water. 

Carmellose: White powder. Practically insoiuble in etha¬ 
nol (99*5%). Swells with water to form a suspension. Be- 
comes vlscous in sodium hydroxide TS. Is hygroscopic. NF 
category: Suspending and/or viscosity4ncreasing agent; 
polymers for ophthalmic use. 

Carmustme: Light yellow powder. Freely soluble in 
ether. 

Carprofen: White crystalline powder. Freely soluble in 
ether, in acetone, in ethyl acetate, and in sodium hydroxide 
TS or sodium carbonate TS; practically insoiuble in water* 

Carrageenan: Yellowish or tan to white, coarse to fine 
powder. Is practically odorless and has a mucifaginous taste. 
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Soluble in water at a temperaturę of about 80°, forming a 
viscous, elear or slightly opalescent solution that flows read« 
ily. Disperses in water morę readify if first moistened with 
alcohol, with glycerin, or with a saturated solution of su- 
crose in water, NF cotegory: Suspending and/or viscosity-in- 
creasing agent; release-moditying agent. 

CarvediloI: White or nearly white, crystalline powder. 
Slightly soluble in alcohol; practieally insoluble in water and 
in diiute actds, 

Casanthranol: Light tan to brown, amorphous, hygro- 
s co pic powder, Freely soluble in water, with some residue; 
partially soluble in methanol and in hot isopropyl alcohol; 
practieally insoluble in acetone. 

Cascara Sagrada: Has a distinct odor and a bitter and 
slightly acrid taste, 

Castor OiS: Pale yellowish or almost colorless, transpar¬ 
ent, vi$cid Itguid. Has a faint, mild odor; is free from foreign 
and randd odor; and has a bland, characteristic taste. Sofu- 
ble in alcohol. Misdble with dehydrated alcohol, with glacial 
acettc acid, with chloroform, and with ether. NF cotegory: 
Plasticizer; emollłent; solvent; vehkle. 

Hydrogenated Castor Oil: White, crystalline wax. Insol¬ 
uble in water and in most common organie solvents. NF 
cotegory: Stiffening agent; lubricant 

Cefacior: White to off-white, crystalline powder. Slightly 
soluble in water; practieally insoluble in methanol, in chloro¬ 
form, and in benzene. 

Cefadroxil: White to off-white, crystalline powder. 
Slightly soluble in water; practieally insoluble in alcohol, in 
chloroform, and in et hen 

Cefamandole Nafate: White, ododess, oystalline solid, 
Soluble in water and in methanol; practieally insoluble in 
ether, in chloroform, in benzene, and in cyclohexane, 

Cefazolln: White to slightly off-white, ododess, erystah 
linę powder. Melts at about 1 9S ę> to 200°, with decomposi- 
tion. Soluble in dimethylformamide and In pyridine; spar- 
ingly soluble in acetone; slightly soluble in alcohol, in 
methanol, and in water; very slightly soluble in ethyl ace¬ 
tate, in isopropyl alcohol, and in methyl isobutyl ketone; 
practieally insoluble in benzene, in chloroform, in ether, and 
$n methylene chloride. 

Cefazotin Sodfum: White to off-white, practieally 
odorless, crystalline powder, or white to off-white solid. 
Freely soluble in water, in salinę TS, and in dextrose Solu¬ 
tions; very slightly soluble in alcohol; practieally insoluble in 
chloroform and in ether. 

Cefdinir; White to tight-yellow crystalline powder. Spar* 
ingly soluble m 0.1 M phospriate buffer (pH 7) solution; 
practieally insoluble in water, in alcohol, and in diethy) 
ether, 

Cefepime Hydrochlorfde: White to off-white, crystal- 
line, nonhygroscopic solid, Freely soluble in water. 

Cefepime for Injection: White to pale yellow powder. 
Freely soluble in water. 

Cefixime: White to light yellow, crystalline powder. Sol 
uble in methanol and m propylene glycol; slightly soluble in 
alcohol, in acetone, and fil glycerm; very slightly soluble in 
70% sorbitol and in octanof; practieally insoluble in ether, in 
ethyl acetate, rn hexane, and in water. 

Cefmenoxime Hydrochloride: White to light orange- 
yellow crystals or crystalline powder, Freely soluble in forma- 
mide; slightly solubfe in methanol; very slightly soluble in 
water; practieally insoluble in dehydrated alcohol and in 
ether. 

Cefmetazole Sodium: White solid. Very soluble in 
water and in methanol; soluble in acetone; practieally insol¬ 
uble in chloroform. 

Cefonicid Sodium: White to off-white solid. Freely solu¬ 
ble in water, in 0.9% sodium chloride solution, and in 5% 
dextrose solution; soluble in methanol; very slightly soluble 
in dehydrated alcohol 


Cefoperazone Sodium: White to pale buff crystalline 
powder. Freely soluble in water; soluble in methanol; slightly 
soluble in dehydrated alcohol; insoluble in acetone, in ethyl 
acetate, and in ether. 

Ceforanide: White to off-white powder. Very soluble in 
^ N sodium hydroxide; practieally insoluble in water, in 
methanol, in chloroform, and in ether. 

Cefotaxime Sodium: Off-white to pale yellow crystal¬ 
line powder. Freely soluble in water; practieally insoluble in 
organie solvents. 

Cefoxitin Sodium: White to off-white, granules or pow¬ 
der, having a slight characteristic odor. Is somewhat hygro- 
scopic Very soluble in water; soluble In methanol; sparingi/ 
soluble in dimethylformamide; slightly soluble in acetone; 
insoluble in ether and in chloroform. 

Cefpodoxime Proxetii: White to light brownish-white 
powder. Odorless or having a faint odor, and has a bitter 
taste, Freely soluble in dehydrated alcohol; soluble In aceto- 
nitrile and in methanol; slightly soluble Sn ether; very slightly 
soluble in water. 

Ceftazidime: White to cream-colored, crystalline pow¬ 
der. Soluble in alkali and in dimethyl sulfoxide; slightly solu¬ 
ble in dimethylformamide, in methanol, and in water; insol¬ 
uble in acetone, in alcohol, in chloroform, in dioxane, in 
ether, in ethyl acetate, and in toluene. 

Ceftizoxlme Sodium: White to pale yellow crystalline 
powder. Freely soluble in water. 

Ceftriaxone Sodium: White to yellowish-orange crystal¬ 
line powder. Freely soluble in water; sparingly soluble in 
methanol; very slightly soluble in alcohol. 

Cefuroxime Axetil: White to almost white powder. The 
amorphous form is freely soluble in acetone; soluble in chlo¬ 
roform, in ethyl acetate, and in methanol; slightly soluble in 
dehydrated alcohol; insoluble in ether and in water. The 
crystalline form is freely soluble in acetone; sparingly soluble 
in chloroform, in ethyl acetate, and in methanol; slightly 
soluble in dehydrated alcohol; insoluble in ether and in 
water. 

Cefuroxfme Sodium: White or faintly yellow powder 
Freely solubfe in water; solubfe in methanol; very slightly 
soluble m alcohol, in ether, in ethyl acetate, and in chloro¬ 
form. 

Celecoxib: White or almost white, crystalline or amor¬ 
phous powder. Soluble to freely soluble in ethanol; solubfe 
in methylene chloride; practieally insoluble in water. 

Cellaburate: Fine white or almost white powder or 
granules. Avai labie rn a rangę of viscosities, acetyl and butyl 
contents. Slightly hygroscopic; soluble In acetone, in meth¬ 
ylene chloride, In pyridine, and in dimethyl sulfoxrde; practi- 
cally insoluble in water and in alcohol. NF cotegory: Coatlng 
agent; potymer membranę; film-forming agent; release- 
modifying agent; diluent. 

Cellacefate: Free-flowing, white powder. N4ay have a 
slight odor of acetic acid. Soluble in acetone and in diox- 
ane; insoluble in water and in alcohol NF cotegory: Coatlng 
agent; film-forming agent. 

Cellulose Acetate: Fine, white powder or free-flowing 
pellets. Available in a rangę of viscosities and acetyl con¬ 
tents. High viscosrty, whrch reflects high moleeufar weight, 
decreases solubility slightly. High acetyl content cellulose ac- 
etates generally have morę limited sofubillty in common ly 
used organie solvents than Iow acetyl content cellulose ace- 
tates, but are morę soluble in methylene chloride. Ali acetyl 
content cellulose acetates are solubfe in dioxane and in di¬ 
methylformamide; insoluble in alcohol and in water. NF cat- 
egory: Coating agent; polymer membranę; film-forming 
agent; diluent. 

Microcrystalline Cellulose: Fine, white or almost white 
owder. It consists of free-flowing, nonfibrous partlcles. 
ractically insoluble in sodium hydroxide solution (1 in 20); 
insoluble in water, in dilute acids, and in most organie sol- 
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vents. Nf category: Diluent; dlsintegrant; wet binder; sus- 
pending and/or viscosity-increaslng agent 

Silicified Microerystailine Cellulose: White or almost 
white, very fine to moderately fine powder* It is a free-ficw- 
ing materiał that may be compacted into self-binding tab- 
lets that disintegrate rapidly in water, Siightly soluble in so¬ 
dium hydroxtde solution (1 in 20); practlcally insoluble in 
water, in acetone, in ethanol, in toluene, and in diluted 
acid. NF category: Diluent; disintegrant; wet binder* 

Microerystailine Cellulose and Carboxymethykellulf>se 
Sodium: Tasteless, odorless, white to off-white, coarse to 
fine powder. Swells in water, producina, when dispersed, a 
white, opaąue dispersion or gel. Insoluble in organie sol* 
vents and in dilute acids* NF category: Suspending and/or 
viscosity-increasing agent* 

Qxidized Cefiulose: In the form of gauze or lint* Is 
siightly off-white in color, is acidic to the taste, and has a 
slight, charred odor. Soluble in dilute afkaiies; insoluble in 
water and in acids. 

Oxtdized Regenerated Cellulose: A knit fabric, usually 
in the form of sterile strips* Siightly off-white, having a slight 
odor, Soluble in dilute alkalies; insoluble in water and in 
dilute acids. 

Powdered Cellulose: White or almost white powder. 
Exhibits degrees of fineness ranging from a free-flowing 
dense powder to a coarse, fluffy, nonflowtng materiał* 
Sliahtly soluble in sodium hydroxide solution (1 In 20); in¬ 
soluble in water, in dilute acids, and in nearly a[l organie 
sokents. NF category: Fiitermg aid; sorbent; diluent; dis¬ 
integrant; gfidant and/or anticaking agent; suspending and/ 
or viscG5ity-increasing agent 

Cellulose Sodium Phosphate: Free-flowing cream- 
colored, odorless, tasteless powder. Insoluble in water, in 
dilute acids, and in most organie sokents* 

Cephalexin: White to off-white, crystalline powder, 
Siightly soluble in water; practlcally insoluble in alcohol, in 
chloroform, and in ether* 

Cephalexin Hydrochloride: White to off-white, crystal¬ 
line powder* Soluble to the extent of 10 mq per mL in 
water, in acetone, in aceton itrile, in alcohol, in dimethyl- 
formamide, and in methanol; practically insoluble in chloro¬ 
form, in ether, in ethyl acetate, and in isopropyl alcohol 

Cephalothin Sodium; White to off-white, practically 
odortess, crystalline powder. Freely soluble in water, in salinę 
TS, and in aextrose Solutions; insoluble in most organie sol- 
vents, 

Cephapirin Benzathine: White, crystalline powder. Sol¬ 
uble in 0.1 N hydrochloric acid; practically insoluble in 
water, in ether, and in toluene; insoluble rn alcohol. 

Cephapirin Sodium; White to off-white, crystalline 
powder, odorless or having a slight odor. Very soluble rn 
water; insoluble in most organie sokents* 

Cephradine: White to off-white, crystalline powder* 
Sparingly soluble in water; very siightly soluble in alcohol 
and in chloroform; practically insoluble in ether. 

Cetirizine Hydrochloride: White to almost white pow¬ 
der. Freely soluble in water; practically insoluble in acetone 
and in methylene chloride. 

CetostearyJ Alcohol: Unctuous, white flakes or gran* 
ules, having a faint, characteristic odor, and a biand, mild 
taste, Soluble in alcohol and in ether; insoluble in water. NF 
category: Stiffening agent; emollient; emulsifying agent; $us- 
pending and/or viscosity-increasing agent. 

Cetrimonium Bromide: A white to creamy white, volu- 
minous, free-flowing powder, with a characteristic faint odor 
and bitter, soapy taste. Freely soluble In water and in alco- 
hol; practically insoluble in ether. NF category: Antlmicrobial 
preservative* 

Cetyl Alcohol: Unctuous, white flakes, granules, .cubes, 
or castings. Has a faint characteristic odor and a bland, mild 
taste. Usually melts in the rangę between 45° and 50°. Solu- 


bte in alcohol and in ether, the solubility increaslng with an 
merease in temperaturę; insoluble in water. NF category: 
Stiffening agent; coating agent; emulsifying agent 

Cetyl Esters Wax: White to off-white, somewhat trans- 
lucent flakes, having a crystalline structure and a pearly 
luster when caked, Has a faint odor and a bland, mild taste, 
free from rancidity, and has a specific qravity of about 0.83 
at 50°. Soluble in boiling alcohol, in ether, in chloroform, 
and in fixed and volat!le oils; siightly soluble in cold sokent 
hexane; practically insoluble in cold alcohol; insoluble in 
water, NF category: Stiffening agent; emollient 

Cetyl Pafmitate: White crystals or flakes, Freely soluble 
in alconol and in ether; practically insoluble in water. NF 
category: Stiffening agent. 

Cetylpyridinium Chloride: White powder, having a 
slight, characteristic odor. Very soluble in water, in alcohol, 
and in chloroform; siightly soluble in benzene and in ether, 
NF category: Antimicrobial preservative; wetting and/or solu- 
bilizlng agent; emulsifying agent. 

Cetylpyridinium Chloride Topical Solution: Clear liq- 
uid. Is colorless unless a color has been added; has an aro- 
matic odor and a bitter taste* 

Activated Charcoal: Fine, black, odorless, tasteless 
powder, free from gritty matter. NF category: Sorbent. 

Chitosan: White or almost white powder or granules* 
Soluble in aaueous Solutions of glycolic acid, of formie acid, 
of acetic acid, of hydrochloric acid, and of lactlc acid; practi¬ 
cally insoluble in organie sokents and in water* NF category: 
Coating agent; film-forming agent; suspending and/or vis- 
cosity-increasing agent; vehicle (solid carrier). 

Chloral Hydrate: Colorless, transparent, or white crys¬ 
tals having an aromatk, penetrating, and siightly acrid odor, 
and a siightly bitter, caustic taste* Melts at about 55“, and 
slowly volatilizes when exposed to air. Very soluble in water 
and rn olke oll; freely soluble in alcohol, in chloroform, and 
In ether. 

Chlorambucik Off-white, siightly aranular powder. 

Freely soluble in acetone; soluble in dilute alkaii; very siightly 
soluble in water. 

Chloramphenkol: Fine, white to grayish-white or yeb 
lowish-white, needle-like crystals or elongated plates. Its So¬ 
lutions are practically neutral to litmus* is reasonably stable 
in neutral or moderately acid Solutions* Its alcohol solution Is 
dextrorotatory and its ethyl acetate solution is levorotatory. 
Freely soluble in alcohol, In propylene glycol, in acetone, 
and in ethyl acetate; siightly soluble in water* 

Chloramphenkol Palmitate: Fine, white, unctuous, 
crystalline powder, havtng a faint odor and a bland, mild 
taste. Freely soluble in acetone and in chloroform; soluble rn 
ether; sparingly soluble in alcohol; very siightly soluble in 
sokent hexane; insoluble in water. 

Chloramphenkol Sodium Succinatei Ught yellow 
powder. Freely soluble in water and In alcohol 

Chlorc!iazepoxide: Yellow, practically odorless, crystal¬ 
line powder* Is sensitke to sunlight* Melts at about 240°. 
Sparingly soluble in chloroform and in alcohol; insoluble in 
water. 

Chlordiazepoxide Hydrochloride: White or practically 
white, odorless, crystalline powder. łs affected by sunlight. 
Soluble in water; sparingly soluble in alcohol; insoluble in 
sokent hexane* 

ChJorhexidine Acetate: A white or almost white, ml- 
crocrystalline powder. Soluble in alcohol; sparingly soluble 
in water; siightly soluble in glycerol and in propylene glycol 

Chlorhexkflne Gluconate Solution: Almost colorless or 
pale yellow, elear liguid. Miscible with gfacial acetic acid 
and with water; miscible with three tlmes its volume of ace¬ 
tone and with five times its volume of dehydrated alcohol; 
further addition of acetone or dehydrated aicohol yields a 
white turbidity. 
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Chlorhexidine Hydrochloride: White or almost white, 
crystalline powder. Sparingly soluble in propylene glycol and 
in water; very slightiy soluble in alcohol. 

Chtorobutanol: Colorless to white crystals, having a 
charactertstic, somewhat camphoraceous, odor and taste. 
Anhydrous form melts at about 95°, and hydrous form 
melts at about 76 °. Freely soluble in alcohol, in ether, in 
chloroform, and tn volatite oils; soluble in glycerin; slightiy 
soluble in water NF category: Antimicrobial preservative; 
plasticizer. 

Chlorocresol: Colorless or practically colorless crystals 
or crystalline powder, having a characteristic, nontarry odor, 
Is vofatile in steam. Very soluble in alcohol; soluble in ether, 
in terpenes, in fixed oils, and in Solutions of alkali hydrox- 
ides; slightiy soluble in water and morę soluble in hot water, 
NF category: Antimicrobial preservatlve. 

Chloroprocaine Hydrochloride: White, crystalline pow¬ 
der, Is odorless, and js stable In air* Its Solutions are acid to 
fitmus. Exhibits loeal anesthetic properties when placed 
upon the tongue. Soluble in water; slightiy soluble in alco¬ 
hol; very slightiy soluble in chloroform; practically insoluble 
in ether, 

Ch!oroquJne: White or slightiy yellow, crystalline pow¬ 
der. Is odorless, and has a bitter taste. Soluble in dilute 
acids, in chloroform, and in ether; very slightiy soluble in 
water. 

Chloroguine Hydrochloride Injection: Colorless liquid. 

Chloroguine Phosphate: White, crystalline powder, Is 
odorless, has a bitter taste, and Is discolored slowly on ex- 
posure to light. Its Solutions have a pH of about 4,5, Exists 
m two polymorphic forms, one meltlng between 193° and 
195° and the other between 210 & and 215° (see Melting 
Rangę or Temperaturę <741 >); mixture of the forms melts be¬ 
tween 193° and 215 g . Freely soluble in water; practically 
insoluble in alcohol, in chloroform, and in ether 

Chlorothiazide: White or practically white, crystalline, 
odorless powder. Melts at about 340°, with decomposition. 
Freely soluble in dimethylformamide and in dimethyl sulfox- 
ide; slightiy soluble in methanol and in pyridine; practically 
insoluble in ether, in benzene, and tn chloroform; very 
slightiy soluble in water. 

Chloroxylenol: White crystals or crystalline powder, 
having a charactenstic odor. Is volatile in steam, Freely solu¬ 
ble in alcohol, In ether, in terpenes, in fixed oils, and In 
Solutions of alkali hydroxides; very slightiy soluble in water, 
NF category: Antimicrobial preservative. 

Chlorpheniramine Maieate: White, odorless, crystalline 
powder. Its Solutions have a pH between 4 and 5. Freely 
soluble in water; soluble In alcohol and In chloroform; 
slightiy soluble in ether and in benzene, 

Chlorpromazine: White, crystalline solid, having an 
amme-llke odor. Darkens on prolonged exposure to light. 
Melts at about 60°. Freely soluble in alcohol, in benzene, in 
chloroform, in ether, ano in dilute minerał acids; practically 
insoluble in water and in dilute alkali hydroxides. 

Chlorpromazine Hydrochloride: White or slightiy 
creamy white, odorless, crystalline powder, Darkens on pro¬ 
longed exposure to light. Very soluble in water; freely solu¬ 
ble in alcohol and in chloroform; insoluble in ether and in 
benzene, 

Chlorpropamide: White, crystalline powder, having a 
slight odor. Soluble in alcohol; sparingly soluble in chloro¬ 
form; practically insoluble in water. 

Chlortetratydine Hydrochloride: Yellow, crystalline 
owder. Is odorless, and has a bitter taste. Is stabie in air, 
ut is slowly affected by light. Soluble in Solutions of alkali 
hydroxides and carbonates; sparingly soluble in water; 
slightiy soluble in alcohol; practically insoluble in acetone, in 
chloroform, in dioxane, and in ether. 

Chlorthalidone: White to yellowish-white, crystalline 
powder, Melts at a temperaturę above 215°, with decompo- 


skion. Soluble in methanol; slightiy soluble in alcohol; prac¬ 
tically insoluble in water, in etner, and in chloroform, 

Chlorzoxazone: White or practically white, practically 
odorless, crystalline powder. Soluble in Solutions of alkali ny- 
droxides and ammonia; sparingly soluble in alcohol, in iso- 
propyl alcohol, and in methanol; slightiy soluble in water. 

Chofecalciferol; White, odorless crystals. Is affected by 
air and by light. Melts at about 85°. Soluble In alcohol, in 
chloroform, and in fatty oils; insoluble in water. 

Cholesterol: White or faintly yellow, practically 
odorless, pearfy leaflets, needles, powder, or granules, Ac- 
quires a yellow to pale tan color on prolonged expo$ure to 
light. Soluble in acetone, in chloroform, in dioxane, in ether, 
in ethyl acetate, in solvent hexane, and in vegetable oils; 
sparingly soluble in dehydrated alcohol; slightiy (and slowly) 
soluble In alcohol; insoluble m water. NF category: Emulsify- 
Ing agent; emollient. 

Cholestyramine Resin: White to buff-colored, hygro- 
scopic, fine powder. Is odorless or has not morę than a 
slight amlnedike odor. Insoluble in water, in alcohol, in chlo¬ 
roform, and in ether. 

Cholinę Bitartrate: White, hygroscopic, crystalline pow¬ 
der. Ciear, colorless liquid in solution. Melts between 148° 
and 153°. is odorless, or may have a faint trimethyiamine 
odor. Freely soluble in water; slightiy soluble in alcohol; in¬ 
soluble in ether and in chloroform. 

Cholinę Chloride: Colorless or white crystals or crystal¬ 
line powder, usually having a slight odor of trimethyiamine, 
Ciear and colorless in solution. Hygroscopic. Soluble in alco¬ 
hol and m water. 

Sodium Chromate Cr 51 Injection: Ciear, slightiy yel¬ 
low solution. 

Chromie Chloride: Dark green, odorless, slightiy deli- 
guescent crystals. Soluble in water and in alcohol; slightiy 
soluble in acetone; practically insoluble tn ether. 

Chymotrypsrn: White to yellowish-white, crystalline or 
amorphous, odorless, powder. An amount equivalent to 
100,000 USP Units is soluble in 10 mL of water and in 
10 ml of salinę TS. 

Citlopifox: White to slightiy yellowish-white, crystalline 
powder. Freely soluble in etnanol and m methylene chlo¬ 
ride; soluble in ether; slightiy soluble in water, 

Ciclopirox Otamine: White to slightiy yellowish-white, 
crystalline powder. Very soluble in alcohol and in methylene 
chloride; slightiy soluble In water; practically insoluble in cy- 
clohexane. 

Cilastatin Sodium: White to tan-colored powder. Solu¬ 
ble in water and in methanol. 

CilostazoJ: White to off-whke crystals. Freely soluble tn 
chloroform; slightiy soluble in methanol and in alcohol; 
practically insoluble in water. 

Gmetidrne: White to off-while, crystalline powder; 
odorless, or having a slight mercaptan odor. Freely soluble 
in methanol; soluble in alcohol and in polyethylene glycol 
400; sparingly soluble in isopropyl alcohol; slightiy soluble tn 
water and in chloroform; practically insoluble in ether. 

Cinoxacin: White to yellowish-white, crystalline solid. Is 
odorless, and has a bitter taste and a llngering aftertaste. 
Soluble in alkaline solution; Insoluble in water and in most 
common organie solvents. 

Ciprofloxacin Hydrochloride: Faintfy yellowish to light 
yellow crystals. Sparingly soluble in water; slightiy soluble rn 
acetic acid and in metnanol; very slightiy soluble in dehy¬ 
drated alcohol; practically insoluble in acetone, in acetoni- 
trile, in ethyl acetate, in nexane, and in methylene chloride. 

Cisapride: White or almost white powder. Freely solu¬ 
ble in dimethylformamide; soluble in methylene chloride; 
sparingly soluble in methanol; practically insoluble in water. 

Cisatracurium Besylate: White to pale yellow powder. 
Soluble In water; slightiy soluble in aceton i tnie, in chloro¬ 
form, in methanol, and In methylene chloride. 
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Gtafopram Hydrabromide: Wbite to almost white, 
crystalline powder. Soluble in alcohol; sparingly soluble in 
water and fn dehydrated akohol* 

Anhydrous Citrk Acid: Coiorless, translucent crystals, 
or white, granular to fine, crystalline powder. Melts at about 
153°, with decomposition. Very soluble In water; freely solu¬ 
ble tn alcohol; very slightly soiuble in ether. NF cotegory: pH 
modifier (acidifying agent/alkalizing agent/buffering agent). 

Citric Acid Monohydrate: Coiorless, translucent trys¬ 
ła fs, or white, granular to fine, crystalline powder. Efftores- 
cent in dry air. Very soluble in water; freely soluble in alco¬ 
hol; vei y slightly soiuble tn ether. NF category; pH modifier 
(acidifying agent/alkalizing agent/buffering agent); antioxi- 
dant; chelating and/or compTexing agent. 

Clarithromydn: White to off-white, crystalline powder. 
Soluble in acetone; slightly soluble in dehydrated alcohol, tn 
methanol, and in acetonitiile, and in phosphate buffer at pH 
values of 2 to 5; practically Insoluble in water, 

GavulanaEe Potasslum: White to off-white powder, Is 
moisture-sensitive, Freely soluble in water, but stability tn 
agueous solution is not good, optimum stability at a pH of 
6.0 to 6.3; soluble in methanol, with decomposition. 

Gemastine Fumarate: White to off-white, odorless 
powder. Its Solutions are acid to litmus* Slightly soluble in 
methanol; very slightly soluble in water, and in chloroform. 

Genbuterol Hydrochloride: White or almost white, 
crystalline powder. Soluble in water and in alcohol; slightly 
soluble in acetone, It melts with decomposition at 173*. 

Clidmium Bromide: White to nearly white, practically 
odorless, crystalline powder. Is optically inactive. Melts at 
about 242°. Soluble in water and in alcohol; slightly soluble 
in benzene and tn ether, 

Oindamycin Hydrochloride: White or practically white, 
crystalline powder. Is odorless or has a faint mercaptan-like 
odor* fs stable in the presence of air and light. Its Solutions 
are acidk and are de xtro rota tory. Freely soluble in water, in 
dimethylformamide, and in methanol; soluble in alcohol; 
practically insoluble in acetone. 

Gindamydn Palmitate Hydrochloride: White to off- 
white amorphous powder, having a charaetehstic odor. Very 
soluble in ethyl acetate and in dimethylformamide; freely 
soluble in water, in benzene, in ether, in chloroform, and in 
alcohol. 

CHndamycin Phosphate: White to off-white, hygro- 
scopic, crystalline powder. Is odorless or practically odorless, 
and has a bitter taste* Freely soluble in water; slightly solu¬ 
ble in dehydrated alcohol; very slightly soluble In acetone; 
practically insoluble in chloroform, in benzene, and in ether. 

Cliopuinol: Voluminous, spongy, yeilowish-white to 
brownish-yeliow powder, havlng a slight, characteristic 
odor. Darkens on exposure to light. Melts at about 180°, 
with decomposition. Soluble in not ethyl acetate and in hot 
ladal acetic acid; practically insoluble in water and in alco- 
oL 

Clobetasol Propionate: White to cream, crystalline 
powder. Soluble in acetone, in dimethyl sulfoxide, In chloro¬ 
form, in methanol, and in dioxane; sparingly soluble in eth- 
anol; slightly soluble in benzene and In dletnyl ether; practi¬ 
cally insoluble in water, 

CJocortolone Pivalate: White to yellowish-white, 
odorless powder. Melts at about 230°, with decomposition. 
Freely soluble in chloroform and in dioxane; soluble tn ace¬ 
tone; sparingly soluble in alcohol; slightly soluble tn benzene 
and rn ether. 

Clofazrmine: Dark red crystals. Melts at about 217°, 
with decomposition. Soluble in chloroform and in benzene; 
sparingly soluble in alcohol, in acetone, and in ethyl acetate; 
practically insoluble in water, 

Clofibrate: Coiorless to pale yellow liguid having a 
characteristic odor. Soluble in acetone, in alcohol, in‘ben¬ 
zene, and In chloroform; insoluble in water. 


Clomiphene Citrate: White to pale yellow, essentialfy 
odorless powder. Freely soluble In methanol; sparingly solu¬ 
ble in alcohol; slightly soluble rn water and in chloroform; 
insoluble in ether, 

Clomrpramine Hydrochloride: White to faintly yellow, 
crystalline powder. Very soiuble in water, 

Clonazepam: Light yellow powder, having a faint odor. 
Sparingly soluble in acetone and In chloroform; slightly solu¬ 
ble in alcohol and in ether; insoluble in water. 

Clomdine: White to almost white, crystalline powder. 
Melting point is about 1 30°, Freely soluble in methanol and 
in alcohol. 

Gopidogref Bisulfate; White to off-white powder. 

Freely soluble at pH 1; practically insoluble at neutral pH. 

Goprostenol Sodium: White or almost white, amor¬ 
phous powder. Is hygroscopic. Freely soluble in water, in 
alcohol, and in methanol; practically insoluble in acetone. 

Clorazepate Dlpotassium: Light yellow, crystalline 
powder, Darkens on exposure to light* Soluble rn water but, 
upon standing, may precipitate from the solution; slightly 
soluble in alcohol and in isopropyl alcohol; practically insol¬ 
uble in acetone, in benzene, in chloroform, in ether, and in 
methylene chloride. 

Gorsulon: White to off-white powder* Freely soluble in 
acetonitrile and in methanol; slightly soluble in water; very 
slightly soluble in methylene chloride. 

Clotrimazole: White to pale yellow, crystalline powder. 
Melts at about 142°, with decomposition. Freely soluble in 
methanol, in acetone, in chloroform, and in alcohol; practi¬ 
cally insoluble in water. 

Cloxarillin Benzathme: White or almost white, almost 
odorless, crystals or crystalline powder, Soluble in chloro¬ 
form and in methanol; sparingly soluble in acetone; slightly 
soluble in water, in alcohol, and in isopropyl alcohol, 

Cloxacillin Sod rum: White, odorless, crystalline powder. 
Freely soluble in water; soluble in alcohol; slightly soluble in 
chloroform. 

Gozapine: Yellow, crystalline powder. Soluble in chlo¬ 
roform, in acetone, and in alcohol; sparingly soluble in ace- 
tonitnle; insoluble in water. 

Coal Tar: Nearly black, vt$cous liquid, heavier than 
water, having a characteristic, naphthalene-like odor, and 
producing a sharp, burnlng sensatlon on the tongue. 

Slightly soluble in water, to which it imparts Its cnaracteris- 
tic odor and taste and a faintly alkafine reaction; partially 
soluble in acetone, in alcohol, in carbon disulfide, in chloro¬ 
form, in ether, in methanol, and in solvent hexane; soluble 
rn benzene and nitrobenzene. 

Cyanocobalamin Co 57 Capsules: May contaln a smali 
amount of solid or solids, or may appear empty. 

Cyanocobalamin Co 57 Orał Solution: Clear, coiorless 
to pink solution. 

Cocaine: Coiorless to white crystals or white, crystalline 
powder. Is levorotatory rn 3 N hydrochloric acid solution* Its 
saturated solution is afkałine to litmus* Very soluble in warm 
alcohol; freely soluble in alcohol, in chloroform, and In 
ether; soluble in olive oil; sparingly soluble in minera! oil; 
slightly soluble in water. 

Cocaine Hydrochloride: Coiorless crystals or white, 
crystalline powder. Very soluble In water; freely soluble in 
akohol; soluble in chloroform and in glycerin; insoluble in 
ether* 

Coccidioidin: Clear, practically coiorless or amber* 
colored Mquid. 

Cocoa Butter: Yeilowish-white solid, havlng a faint, 
agreeable odor, and a bland, chocolate-like taste if the co¬ 
coa butter is obtained by pressing* If obtalned by extractlon, 
the taste is bland. Is usualfy brittfe at temperatures below 
25°. Freely soluble In ether and tn chloroform; soluble in 
boiling dehydrated alcohol; slightly soluble in alcohol. NF 
category ; Suppository base. 



USP40 


Reference Tables / Description and Relatśve Solubility 2467 


Coconut Ofl: Clear, white to light yellow-tan, yiscous 
liguid. Freely soluble in methylene chloride and in light Pe¬ 
troleum {bp: 65° to 70°); very slightly soluble in alcohol; 
practically insoluble in water, NF co tego fy: Coating agent; 
emulsrfying agent; emollient; ointment base. 

Hydrogenated Coconut Oil: Wbite to yellowish, fatty 
solid to semi-solid. Freely soluble in ether; very slightly solu- 
ble in alcohol; practically insoluble in water. NF category: 
Coating agent; lubricant; wet binder. 

Cod Liver Oil: Thin, oily iiquid, havlng a characteristic, 
slightly fishy but not rancld odor, and a fishy taste. Freely 
soluble in ether, in chloroform, in carbon disulfide, and in 
ethyl acetate; slightly soluble in alcohol. 

Codeine: Colorless or white crystals or wbite, crystalline 
powder. It effloresces slowly in dry air, and is affected by 
light. In acid or alcohol Solutions it is levorotatory. Its satu- 
rated solution is alka linę to litmus. Very soluble in chloro- 
form; freely soluble in alcohol; sparingly soluble in ether; 
slightly soluble in water. When neated in an amount of 
water insufficient for complete solution, it melts to oily 
drops that crystalłize on cooling. 

Codeine Phosphate: Fine, white, needle-shaped crys¬ 
tals, or white, crystalline powder. Is odorless. Is affected by 
light Its Solutions are acid to litmus. Very soluble in hot 
water; freely soluble in water; slightly soluble in alcohol but 
morę so in boiiing alcohol. 

Codeine Sulfate: White crystals, usualiy needle-like, or 
white, crystalline powder. Is affected by light Freely soluble 
in water at 80*; soluble in water; very slightly soluble in 
alcohol; insoluble in chloroform and in ether 

Colchteinę: Pale yellow to pale greenish-yellow, amor- 
phous scales, or powder or crystalline powder. Is odorless or 
nearly so, and darkens on exposure to light Freely soluble 
in alcohol and in chloroform; soluble m water; slightly solu¬ 
ble in ether. 

Colestipol Hydrochloride: Yellow to orange beads, 
Swells but does not dissolve in water or dflute aqueous Solu¬ 
tions of acid or alkall Insoluble in the common organie sol- 
vents. 

Colistimethate Sodium: White to slightly yellow, 
odorless, fine powder. Freely soluble in water; soluble tn 
methanol; insoluble m acetone and in ether 

Coiistin Sulfate: White to slightly yellow, odorless, fine 
powder. Freely soluble in water; slightly soluble in methanol; 
insoluble in acetone and in ether 

Colfodfon; Clear, or slightly opalescent, viscous liquid. 

Is colorless, or slightly yellowish, and has the odor of ether, 

F!exib!e Collodion: Clear, or slightly opalescent, viscous 
liouid. Is colorless or slightly yellow, and has the odor of 
ether, The strong odor of camphor becomes noticeable as 
the ether evaporates. 

Copovidone: White to yellowish-white powder or 
flakes. Es hygroscopic. Freely soluble in water, in alcohol, 
and in methylene chloride; practically insoluble in ether NF 
category: Wet binder; coating agent; film-forming agent. 

Corn Oil: Clear, light yellow, oily liguid, having a faint, 
characteristic odor ano taste. Slightly soluble in alcohol. Mis- 
cible with ether, with chloroform, with benzene, and with 
solvent hexane. Specific Grayity (841): Between 0.914 and 
0.921. NF category: Solvent; vehicle (oleaginous). 

Corn Syrup: Clear, white to light yellow, viscous liguid, 
Is miscible in aII proportions with water. NF category: Sus- 
pending and/or viscosky-increasing agent; sweetening 
agent; diluent; wet binder; tonicity agent. 

Corn Syrup Soltds: Sweet, white to light yellow pow¬ 
der or granules, Soluble in water NF category: Coating 
agent; vehicle (f1avored and/or sweetenedand solid earrier); 
humectant; suspending and/or viscosity-lncreasing agent; 
sweetening agent; diluent; wet binder; tonicity agent. 

Corticotropin Injection: Colorless or light straw-cofored 
liguid. 


Corticotropin for Injection: White or practically white, 
soluble, amorphous solid having the characteristic appear- 
ance of substances prepared by freeze-drying. 

Repository Corticotropin Injection: Colorless or light 
straw-colored liguid, whicn may be ciuite vtscid at room 
temperaturę. Is ododess or has an odor of an antimicrobial 
agent. 

Corticotropin Zinc Hydroxide Injectable Suspension: 
Flocculenti white, agueous suspension, free from Jarge parti- 
cles foflowing moderate shaking, 

Cortisone Acetate: White or practically white, odorless, 
crystalline powder. Is stable in air. Melts at about 240°, with 
some decomposition (see Mefting Rangę or Temperaturę 
(741». Freely soiuble in chloroform; soluble rn atoxane; 
sparingly soluble in acetone; slightly soiuble in alcohol; in¬ 
soluble in water. 

Purtfled Cotton: White, soft, fine filament-like hatrs ap- 
pearing under the microscope as hollow, flattened, and 
twisted bands, striate and slightly thickened at the edges. Is 
practically odorless and practically taste less, Soluble in am- 
moniated cupric oxide TS; insoluble in ordrnary solvents. 

Cottonseed OiJ: Pale yellow, oily liguid. Is odorless or 
nearly so, and has a bland taste. At temperatures below 10° 
particles of solid fat may sępa ratę from the Oil, and at about 
0° to -5° the Otl becomes a solid or nearly so, Specific Qrov- 
ity (841): Between 0,915 and 0,921. Slightly soluble in alco- 
hol Miscible with ether, with chloroform, with solvent hex- 
ane, and with carbon disulfide. NF category: Solvent; vehicle 
(oleaginous), 

Hydrogenated Cottonseed Oil: A white mass or pow¬ 
der that melts to a dear, pale yellow liguid when heated. 
Freely soluble in methylene chloride and in toluene; very 
slightly soluble in alcohol; practically insoluble in water. 

Creatlnlfie; White crystals or crystalline powder; 
odorless. Soluble in water; slightly soluble in alcohol; practi¬ 
cally insoluble in acetone, in ether, and in chloroform, NF 
category: Bul king agent. 

Cresol: Colorless, or yellowish to browmsh-yellow, or 
pinkish, highly refractive Mguid, becoming darker with age 
and on exposure to light. Has a phenol-like, sometimes em- 
pyreumatic odor* A saturated solution of it is neutral or only 
slightly acid to litmus. Sparingly soluble in water, usualiy 
forming a cloudy solution; dissolves in Solutions of fixeo al¬ 
ka li hyaroxides. Miscible with alcohol, with ether, and with 
glycerln. NF category: Antimicrobial preservattve. 

Cromolyn Sodium: White, odorless, crystalline powder, 
fs tasteless at first, with a slightly bitter aftertaste. Is hygro- 
scopic, Soluble in water; insoluble in alcohol and m chloro¬ 
form. 

Cromolyn Sodium for Enhalation: White to creamy 
white, odorless, hygroscopic, and very finely divided pow¬ 
der. 

Croscarmellose Sodium: White, free-flowing powder, 
Partiafly soluble in water; insoluble in alcohol, in ether, and 
in other organie solvents. NF category: Disintegrant. 

Crospovidone: White to creamy-white, hygroscopic 
powder, having a faint odor, Insoluble in water and in ordi- 
nary organie $olvents. NF category: Disintegrant. 

Crotamiton: Colorless to slightly yellowish dl, having a 
faint amlne-like odor. Soluble in alcohol and in methanol. 

Cupric Chloride: Bluish green, defiguescent crystals. 
Freely soluble in water; soluble in alcohol; slightly soluble in 
ether. 

Cupric Sulfate (CuSCb ■ SH^O): Deep blue, triclinic crys¬ 
tals or blue, crystafline granules or powder, It effloresces 
slowly in dry air. Its Solutions are acid to litmus. Very soluble 
in boiiing water; freely soiuble in water and in glycerin; 
slightly soluble in alcohol. 

Cupric Sulfate (anhydrous): A white or grayish-whlte 
powder. Soluble in water; insoluble in alcohol. 
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Cyanocobalamin: Dark red crystals or amorphous or 
crystalline red powder. In the anhydrous form, it is very ly- 
roscopic and when exposed to air it may absorb about 
2% of wat er, Soluble in alcohol; sparingly soluble in water; 
insoluble in acetone, in chloroform, and in ether* 

Cyclandelate: White, crystalline powder. Very soluble in 
acetonitrilą in alcohol, and m ether; praeticaily insoluble in 
water, Melts at about 58°, 

Cydizine Hydrochloride: Wbite, crystalline powder or 
smali, colorless crystals* Is odorless or nearly so, and has a 
bitter taste. Melts indistinctly at about 285°, with decompo- 
sition. Sparingly soluble in chloroform; slightly soluble in 
water and in alcohol; insoluble in ether. 

Cyclobenzaprine Hydrochloride: White to off-white, 
odorless, crystalline powder. Freely soluble rn water, in alco¬ 
hol, and in methanol; sparingly soluble in isopropanol; 
slightly soluble in chloroform and In methylene chloride; in- 
soluble in hydrocarbons* 

Cyclopentolate Hydrochloride: White, crystalline pow¬ 
der, whfch upon standlng develops a characteristic odor, Its 
Solutions are acid Lo litmus, Melts at about 138°, the melt 
appearing opaque* Very soluble In water; freely soluble in 
alcohol; msoluble in etner* 

Cydophosphamlde: White, crystalline powder. Iique- 
ftes upon loss of its water of crystaflization, Soluble in water 
and in alcohol, 

Cydopropane: Colorless gas having a characteristic 
odor. Has a pungent taste* One L at a pressure of 760 mm 
and a temperaturę of 0° weighs about 1.88 g. One volume 
dissolves in about 2.7 volumes of water at 15°. Freely solu¬ 
ble in alcohol; soluble in fixed oils. 

Cycloserine; White to pale yellow, crystalline powder, Is 
odorless or has a faint odor* Is hygroscopic and deteriorates 
upon absorbing water. Its Solutions are dextrorotatory. 

Freely soluble in water* 

Cyclosporine: White to almost white powder. Solub e 
in acetone, in alcohol, in methanol, in ether, In chloroform, 
and in methylene chloride; slightly solubie in saturated hy- 
drocarbons; praeticaily insoluble in water* 

Cyproheptadine Hydrochloride: White to slightly yel¬ 
low, odorless or praeticaily odorless, crystalline powder. 
Freely soluble in methanol; soluble in chloroform; sparingly 
soluble in alcohol; slightly soluble in water; praeticaily insoh 
uble in ether, 

Cyromazine: White or off-white, odorless, crystalline 
powder, Slightly soluble in methanol and in water. 

Cysteinę Hydrochloride: White crystals or crystalline 
powder. Solubie in water, in alcohol, and In acetone. 

Cytarabrne: Odorless, white to off-white, crystalline 
powder. Freely soluble in water; slightly soluble in alcohol 
and in chloroform. 

Dactinomycin: Sright red, crystalline powder. Is some- 
what hygroscopic and is affected by Irght and by heat* 

Freely soluble in alcohol; soluble in water at 10° and slightly 
soluble in water at 3 7°; very slightly soluble in ether. 

Dana zol: White to pale yellow, crystalline powder* 

Melts at about 225°, with some decomposition. Freely solu¬ 
ble in chloroform; soluble in acetone; sparingly soluble ir 
alcohol and tn benzene; slightly soluble in etner; praeticaily 
insoluble or insoluble in water and in hexane. 

Dantrolene Sodium: Fine orange to orange-brown 
powder, Sparingly soluble in dimethylformamide and in 
glycerine; sparingly soluble to praeticaily insoluble in ace¬ 
tone* 

Dapsone: White or creamy white, crystalline powder. is 
odorless and has a slightly bitter taste. Soluble in acetone 
and in dilute minerał adds; sparingly soluble in alcohol; very 
slightly soluble In water, 

Daunorubidn Hydrochloride: Orange-red, crystalline, 
hygroscopic powder. Freely soluble in water and in metha¬ 


nol; slightly soluble in alcohol; very slightly soluble in chlo¬ 
roform; praeticaily insoluble in acetone* 

Peferoxamine Mesylate: White to off-white powder. 
Freely soluble in water; slightly soluble in methanol. 

Dehydroacetic Acid: White or nearly white, crystalline 
powder. Soluble in aqueous Solutions of alkalies; very 
slightly solubie in water. One g of sample dissolves fn about 
35 mL of alcohol and in 5 mL of acetone. NF category: Anti* 
microbial preservative. 

Dehydrochoiic Acid: White, fluffy, odorless powder, 
having a bitter taste. Soluble in glacial acetic acid and in 
Solutions of alkali hydroxides and carbonates; sparingly solu¬ 
ble in chloroform (the Solutions in alcohol and in chloroform 
usually are slightly turbid); slightly soluble in alcohol and in 
ether; praeticaily insoluble in water, 

Demecarium Bromide: White or slightly yellow, slightly 
hygroscopic, crystalline powder. Freely soluble in water and 
In alcohol; soluble in ether; sparingly soluble in acetone. 

Demedocydine: Yellow, crystalline, odorless powder, 
having a bitter taste. Soluble in alcohol; sparingly soluble in 
water. Dissolves readily in 3 N hydrochloric acid and in afka- 
line Solutions* 

Demedocydine Hydrochloride: Yellow, crystalline, 
odorless powder, having a bitter taste. Sparingly soluble in 
water and in Solutions of alkali hydroxides and carbonates; 
slightly soluble in alcohol; praeticaily insoluble in acetone 
and in chloroform* 

Denatonlum Benzoate; Very soluble in chloroform and 
in methanol; freely soluble in water and m alcohol; very 
slightly soluble in ether* NF category: Alcohol denaturant; 
flavors and fragrance. 

Desipramme Hydrochloride: White to off-white, crys¬ 
talline powder, Melts at about 213°. Freely soluble in meth¬ 
anol and in chloroform; soluble in water and in alcohol; 
insoluble in ether. 

Desloratadine: White to light pink-eoiored powder. 

Verv soluble in ethanol and in propylene glycoi; soluble in 
dicnloromethane; slightly soluble in water* 

Desmopressin Acetale: White, fluffy powder. Solubie in 
water, in alcohol, and in acetic acid. 

Desonide; White powder or crystal. Soluble in chloro¬ 
form; sparingly soluble in ethanol and in acetone; praeticaily 
insoluble in water. 

DesGKimetasone: White to praeticaily white, odorless, 
crystalline powder. Freely soluble in alcohol, In acetone, and 
in chloroform; insoluble in water* 

Desoxycholk Acid: Occurs as a white, crystalline pow¬ 
der. Freely soluble in alcohol; soluble in acetone and in Solu¬ 
tions of alkali hydroxides and carbonates; slightly soluble in 
chloroform and in ether; praeticaily insoluble In water. NF 
category: Emulsifying agent. 

Desoxycortkosterone Acetale: White or creamy white, 
crystalline powder. Is odorless, and rs stable in air. Sparingly 
soluble in alcohol, in acetone, and in dioxane; slightly solu¬ 
ble in vegetable oils; praeticaily insoluble in water. 

Dexamethasone: White to praeticaily white, odorless, 
crystalline powder. Is stable in air. Melts at about 25Q a , with 
some decomposition. Sparingly soluble in acetone, in ako- 
hol, in dioxane, and in methanol; slightly soluble in chloro¬ 
form; very slightly soluble in ether; praeticaily insoluble in 
water* 

Dexamethasone Acetate: Clear, white to off-white, 
odorless powder. Freely soluble in methanol, in acetone, 
and in dioxane; praeticaily insoluble in water. 

Dexamethasone Sodium Phosphate: White or slightly 
yellow, crystalline powder. Is odorless or has a slight odor of 
alcohol, and is exceedtngly hygroscopic. Fredy soluble in 
water; slightly soluble in alconol; very slightly soluble in di- 
oxane; insoluble in chloroform and in etner, 

Dexbrompbeniramlne Maleate: White, odorless, crys¬ 
talline powder. Exists in two polymorphic forms, one melt- 
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ing between 106° and 107° and the other between 112° 
and 113°, Mixtures of the forms may melt between 105° 
and 113°. The pH of a solution (1 m 100) is about 5. Freely 
soluble in water; soluble in alcohol and in chloroform. 

DexchIorphenlramine Maleate: White, odorless, crys¬ 
talline powder. Freely soluble in water; soluble in alcohol 
and in chloroform; slightly soluble in benzene and in ether. 

Dexmedetomidine Hydrochloride: White or almost 
white powder. Freely soluble in water, and has a pKa of 7.1. 

Dexpanthenol: Clear, viscous, somewhat hygroscopic 
iiguid, having a slight, characteristEc odor Sorne crystalliza- 
tion may occur on standing. Freely soluble in water, in alco¬ 
hol, in methanol, and in propylene glyeol; soluble in chloro¬ 
form and in ether; slightly soluble in glycerin. 

Dextran 1: A white to off-white powder. Is hygro¬ 
scopic. Very soluble in water; sparingly soluble in alcohol, 

Dextrates: Free-flowing, porous, white, odorless, spheri- 
cal granules consisting of aggregates of microerystals, nav- 
ing a sweet taste and producing a coollng sensation in the 
mouth. May be compressed directly into self-bEnding tab- 
iets. Freely soluble in water (heating increases its solubility n 
water); soluble in dilute acids and alkalies and in basie or¬ 
ganie solvents such as pyhdine; insoluble in the common 
organie solvent$. NF category: Sweetening agent; diluent; 
wet binder 

Dextrin: Free-flowing, white, yellow, or brown powder, 
Its solu bili ty in water varies; it is usually very soluble, but 
often contains an insoluble portion. NF category: Suspencling 
and/or viscosity-Encreasing agent; diluent; wet binder; film- 
forming agent; stiffening agent. 

Dextroamphetamine Sulfate: White, odorless, crystal- 
line powder Soluble In water; slightly soluble in alcohoi; 
insoluble in ether. 

Dextromethorphan: Practically white to slightly yellow, 
odorless, crystalline powder Eleven mg of Dextromethor- 
han is equiva!ent to 15 mg of dextromethorphan 
ydrobromide monohydrate. Freely soluble in chloroform; 
practically insoluble tn water. 

Dextromethorphan Hydrobromide: Practically white 
crystals or crystalline powder, having a faint odor. Melts at 
about 126 3 , with decomposition. Freely soluble in alcohol 
and in chloroform; sparingly soluble in water; insoluble in 
ether. 

Dextrose: Gol o r less crystals o r white, crystalline or 
granular powder. Is odorless, and has a sweet taste. Very 
soluble in boiling water; freely soluble in water; soluble in 
boiling alcohol; slightly soluble in alcohol. NF category: 
Sweetening agent; tonicity agent; vehicle (flavored and/or 
sweetened); diluent. 

Dextrose Exdpient: Colorless crystals or white, crystal- 
fine or granular powder, Is odorless and sweet-tasting, Very 
soluble fn boiling water; freely soluble in water; sparingly 
soluble In boiling alcohoi; slightly soluble in alcohol. NF cat¬ 
egory: Sweetening agent; diluent. 

Diacetylated Monoglycerides: Clear liqutd. Very solu¬ 
ble in 80% (w/w) aqueous alcohol, in vegetable oils, and in 
minerał oifs; sparingly soluble in 70% alcohol. NF category: 
Pfasticizer. 

Diatrizoate Meglumine: White, odorless powder. Freely 
soluble in water. 

Dratnzoate Meglumine Injection: Clear, colorless to 
pale yellow, slightly viscous liquid. 

Diatrizoate Meglumine and Diatrizoate Sodium injec¬ 
tion: Clear, colorless to pale yellow, slightly viscous llquid. 
May crystallize at room temperaturę or below. 

Diatrizoate Sodium: White, odorless powder Soluble 
in water; slightly soluble in alcohol; practically insoluble in 
acetone and in ether. 

Diatrizoate Sodium Injection: Clear, colorless to pale 
yellow, slightly viscous liquid. 


Diatrizoate Sodium Solution: Clear, pale yellow to 
light brown liquid. 

Diatrizok Acid: White, odorless powder. Soluble in di- 
methylformamide and in a łkali hydroxide Solutions; very 
slightly soluble in water and in alcohol. 

Dlazepam: Off-white to yellow, practically odorless, 
crystalline powder. Freely soluble in chloroform; soluble in 
alcohol; practically insoluble in water, 

Diazoxide: White or cream-white crystals or crystalline 
owder, Very soluble in strong alkaline Solutions; freely solu- 
Je in dimetnylformamide; sparingly soluble to practically in¬ 
soluble in water and In most organie solvents. 

Dibucarne: White to off-white powder, havlng a slight, 
characteristic odor, Darkens on exposure to light, Soluble in 
1 N hydrochloric acid and in ether; slightly soluble in water. 

Dibucaine Hydrochloride: Colorless or white to off- 
white crystals or white to off-white, crystalline powder. Is 
odorless, is somewhat hygroscopic, and darkens on expo~ 
surę to light. Its Solutions have a pH of about 5,5. Freely 
soluble in water, in alcohol, in acetone, and in chloroform. 

Dibutyl Phthalate: A elear, oily liquid, colorless or very 
slightly yellow, Practically insoluble in water. Miscible with 
alcohol and with ether. NF category: Film-forming agent; sol- 
vent 

Dibutyl Sebacate: Colorless, oily liguid of very mild 
odor. Soluble In alcohol, In isopropyl alcohol, and En minera] 
otl; very slightly soluble in propylene glyeol; practically insol¬ 
uble in water and in glycerin, NF category: Plastidzer, 

Dkhloralphenazone: White, microcrystalline powder. 
Has a slight odor characteristic of chloral hydra te. Decom- 
posed by dilute alkali, liberating chloroform. Freely soluble 
m water, in alcohol, and in chloroform; soluble in dilute 
acids. 

Dichlorodifluoromethane: Clear, colorless gas, having 
a faint, ethereal odon Its vapor pressure at 25° is about 
4880 mm of mercury (80 psig). NF category: Propellant. 

Dkhlorotetrafluoroethane: Clear, colorless gas, having 
a faint, ethereal odor. Its vapor pressure at 25° is about 
1620 mm of mercury (1 7 psig). Usually contains between 
6% and 10% of its isomer, CCbF-CFj. NF category: Propel¬ 
lant. 

Diclazuril: White to yellow powder, Sparingly soluble in 
dimethylformamide; practically insoluble In water, in alco- 
hol, and in methylene chloride. 

Diclofenac Potasslum: White to off-white or slightly 
yellowish crystalline powder, slightly hygroscopic. Freely sol¬ 
uble in metnanol; soluble In alcohol; sparingly soluble in 
water; slightly soluble in acetone. 

Diclofenac Sodium: White to off-white, hygroscopic, 
crystalline powder. Melts at about 284 fl . Freely soluble in 
methanol; soluble in ethanol; sparingly soluble in water; 
practically insoluble in chloroform and in ether. 

Drdoxadllin Sodium: White to off-white, crystalline 
powder. Freely soluble in water. 

Dicyclomine Hydrochloride: Ftne, white, crystalline 
powder. Is practically odorless and has a very bitter taste. 
Freely soluble in alcohol and in chloroform; soluble in water; 
very slightly soluble in ether. 

Dicyclomine Hydrochloride Injection: Colorless solu¬ 
tion, which may have the odor of a preservative. 

Didanosine: White to off-white, crystalline powder. 

Very soluble in dimethyl sulfoxide; practically insoluble or 
insoluble In acetone and in methanol. 

Dienestrol: Colorless, white or practically white, needle¬ 
li ke crystals, or white or practically white, crystalline powder. 
Is odorless. Soluble in alcohol, in acetone, in ether, in meth- 
anol, in propylene glyeol, and in Solutions of alkali hydrox- 
łdes; slightly soluble in chloroform and in fatty oils; practi¬ 
cally insoluble in water. 
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Diethanolami ne: Wbite or dear, colorless crystals, dęli* 
que$eing in mofst air; or colorless liquid, Misdble with 
water, with alcohol, with acetone, with chloroform, and 
with glycerin. Slightly soluble to insoluble tn benzene, in 
ether, and in petroleum ether. NF category: Emulsrfying 
agent; pH modifier (acidifying agent/arkalizing agent/buffer- 
ing agent)* 

Diethylcarbamazine Citrate: White, crystalline powder 
Meits at about 13 6°, with decomposition. Is odorless or Has 
a slight odor; is slightly hygroscopic, Very soluble in water; 
sparingly soluble in alcohol; practically insoluble in acetone, 
in chloroform, and in ether. 

Diethylene Glycol Monoethyl Ether: Clear, colorless 
liqutd. is hygrostopic. Misdble with water, with acetone, 
and with alcohol; partially miscible with vegetable oils; im- 
miscible with minerał oils. Specific gravity about 0.991. NF 
category: Omtment base; solvent; emulsifying agent. 

Diethylene Glycol Stearates: Wbite or almost white, 
waxy solid. Soluble in acetone and in hot alcohol; practically 
insoluble in water. NF category: Emulsifying agent 

Diethyl Phthalate: Colorless, practically odorless, oily 
liquid, Insoluble in water. Miscible with alcohol, with ether, 
and with other usual organie solvents. NF category: Plasti- 
cizer; film-forming agent; solvent. 

Diethyl Sebacate: A colorless to slightly yellow liquid. 
Miscible with alcohol, with ether, with other organie sol- 
vents, and with most fixed oils; insoluble or practically insol- 
uble in water. NF category: Ffavors and fragrance. 

Diethylpropton Hydrochloride: White to off-white, fine 
crystalline powder. Is odorless, or has a slight characteristic 
odor It meits at about 175°, with decomposition. Freely 
soluble in water, in chloroform, and in alcohol; practically 
insoluble in ether. 

Diethylstflbestrol: White, odorless, crystalline powder. 
Soluble in alcohol, in chloroform, in ether, in fatty oils, and 
in dilute alkali hydroxides; practically insoluble in water. 

Diethyltoluamide: Colorless liquid, having a fainł, 
pleasant odor. Boils at about 111° under a pressure of 
1 mm of mercury. Practically insoluble in water and in glyc¬ 
erin. Miscible with alcohol, with isopropyl alcohol, with 
ether, with chloroform, and with carbon dlsulfide. 

Diflorasone Dlacetate: White to pale yellow, crystalline 
owder. Soluble in methano! and in acetone; sparingly solu- 
le tn ethyl acetale; slightly soluble in toluene; very slightly 
soluble in ether; insoluble in water. 

Diflunisal: White to off-white, practically odorless pow- 
der. Freely soluble fn alcohol and in methanol; soluble in 
acetone and in ethyl acetate; slightly soluble in chloroform, 
in carbon tetrachloride, and in methylene chlonde; insoluble 
in hexane and in water. 

Drqitoxin: White or pale buff, odorless, microcrystalline 
powder. Sparingly soluble in chloroform; slightly soluble in 
alcohol; very slightly soluble In ether; practically insoluble in 
water 

Drgoxin: Clear to white, odorless crystals or white, 
odorless crystalline powder. Freely soluble in pyridine; 
slightly soluble fn diluted alcohol and in chloroform; practr- 
cally insoluble in water and in ether. 

Dihydroergotamine Mesylate: White to slightly yellow- 
ish powder, or off-white to faintly red powder, having a 
faint odor. Soluble in alcohol; slightly soluble In water and 
in chloroform. 

Dihydrostreptomydn Sulfate: White or almost white, 
amorprious or crystalline powder, Amorphous form is hygro- 
scopic. Freely soluble in water; practically insoluble in ace¬ 
tone, in chloroform, and in methanol. 

Dl hydro tachy sterol: Colorless or white, odorless erys- 
tals, or white, odorless, crystalline powder. Freely soluble in 
ether and in chloroform; soluble in alcohol; sparingly soluble 
in vegetab!e oils; practically insoluble in water. 


Dihydroxyaeetone: White to off-white crystalline pow¬ 
der, The monomeric form is freely soluble in water, in alco¬ 
hol, and m ether. The dimeric form is freely soluble in 
water; soluble In alcohol; and sparingly soluble in ether. 

DihydroxyaIuminum Aminoacetate: White, odorless 
powder having a faintly sweet taste. Soluble in dilute min¬ 
erał acids and tn Solutions of fixed alkalies; insoluble in water 
and in organie solvents. 

DihydroxyaIuminum Aminoacetate Magma: White, 
vlscous suspenslon, frorn which smali amounts of water may 
separate on standing. 

Dihydroxyaluminum Sodtum Carbonate: Fine, white, 
odorless powder. Soluble in dilute minerał acids with the 
evolution of carbon dioxide; practically insoluble in water 
and in organie solvents. 

Diloxanide Furoate: White or almost white, crystalline 
powder. Freely soluble in chloroform; slightly soluble in al¬ 
cohol and in ether; very slightly soluble in water. 

Diltiazem Hydrochloride: White, odorless, crystalline 
powder or smali crystals. Freely soluble in chloroform, in 
formie acid, in methanol, and in water; sparingly soluble in 
dehydrated alcohol; insoluble in ether. Meits at about 210°, 
with decomposition. 

Dlmenhydrlnate: White, crystalline, odorless powder. 
Freely soluble in alcohol and in chloroform; sparingly soluble 
in etner; slightly soluble in water. 

Dimercaprol: Colorless or practically colorless liquid, 
having a disagreeable, mercaptan-like odor. Soluble in 
water, in alcohol, in benzyl benzoate, and in methanol. 

Dimercaprol Injection: Yellow, viscous solution having 
a pungent, disagreeable odor. Specific gravity is about 

Dimethlcone: A elear, colorless, and odorless liguid. 
Soluble in chlorinated hydrocarbons, in benzene, in toluene, 
in xylene, in n-hexane, in petroleum spirits, in ether, and in 
amyl acetate; very slightly soluble in isopropyl alcohol; insol¬ 
uble in water, in methanol, tn alcohol, and in acetone. NF 
category: Antifoaming agent; water-repellmg agent; adbe- 
sive; emollient. 

Dimethyl Sulfoxide: Clear, colorless, odorless, hygro- 
scopic liqurd. Meits at about 184°. Boils at about 189'. Sol¬ 
uble in water; practically insoluble in acetone, in alcohol, tn 
benzene, in chloroform, and In ether. NF category; 5oivent. 

Dinoprostone: White to off-white, crystalline powder. 
Freely soluble in acetone, in alcohol, in etner, in ethyl ace¬ 
tate, in isopropyl alcohol, in methanol, and in methylene 
chloride; soluble in toluene and in diisopropyt ether; practi- 
cally insoluble in hexanes. 

Din oproś t TromeŁhamine: White to off-white, crystal- 
line powder. Very soluble in water; freely soluble in dimeth- 
ylformamide; soluble in methanol; slightly soluble in chloro¬ 
form. 

Dioxybenzone: Yellow powder. Freely soluble in alcohol 
and in toluene; practically insoluble in water. 

Diphenhydramine Hydrochloride: White, odorless, 
crystalline powder. Slowfy darkens on exposure to light. Its 
Solutions are practically neutral to Ittmus. Freely soluble in 
water, in alcohol, and in chloroform; sparingly soluble in 
acetone; very slightly soluble in benzene and In ether. 

Diphenoxylate Hydrochloride: White, odorless, crystal¬ 
line powder, Its saturated solution has a pH of about 3.3. 
Freefy soluble in chloroform; soluble In methanol; sparingly 
soluble in alcohol and in acetone; slightly soluble in water 
and in isopropanol; practically insoluble tn ether and in sol- 
vent hexane. 

Diphtheria and Tetanus Toxoids Adsorbed: Turbid, 
and white, slightly gray, or slightly pink suspenslon, free 
from evident clumps after shaking. 

Dipivefrin Hydrochloride: White, crystalline powder or 
smali crystals, havlng a faint odor. Very soluble in water. 
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Dipyridamole: Intensely yellow, crystalline powder or 
needles. Very soluble in methanol, tn alcohol, and in chloro¬ 
form; slightly soluble in water; very slightly soluble in ace- 
tone and in ethyl acetate. 

Dirithromycin: White or practkally white powder. Very 
soluble in methanol and in methylene chloride; very slightly 
soluble tn water. 

Disopyramide Phosphate: White or practkally white, 
odorless powder. Melts at about 205°, with decomposition. 
Freely soluble in water; slightly soluble in alcohol; practkally 
insoluble in chloroform and in ether. 

Disulfiram: White to off-white, odorless, crystalline 
powder: Soluble in acetone, in alcohol, in carbon disulfide, 
and in chloroform; very slightly soluble in water, 

Diva!proex Sodium: White to off-white powder, Very 
soluble in chloroform; freely soluble in methanol and in 
ethyl ether; soluble in acetone; practkally insoluble in aceto¬ 
nitrile, 

Dobutamine Hydrochloride: White to practkally white, 
crystalline powder. Soluble tn alcohol and tn pyrJdme; spar- 
ingly soluble in water and in methanol 

Docetaxel: White or almost white, crystalline powder. 
Freely soluble in acetone; soluble in methanol; practkally 
insoluble in water. 

Docusate Caldum: White, amorphous solid, having the 
characteristic odor of octyl alcohol. It is free of the odor of 
other solvents. Very soluble in alcohol, in polyethylene gly¬ 
col 400, and in corn oil; very slightly soluble tn water. 

Docusate Potassium: White, amorphous solid, having a 
characteristic odor suggestive of octyl alcohol. Very soluble 
in solvenl hexane; soluble in alcohol and in glycerin; spar- 
ingly soluble in water. 

Docusate Sodium: White, wax-like, plastic solid, having 
a characteristic odor suggestive of octyl alcohol, but no 
odor of other soNents. Very soluble in solvent hexane; freely 
soluble in alcohol and in glycerin; sparingly soluble in water. 
NF category: Wetting and/or solu bil izing agent. 

Dofetil ide: White to off-white powder. Soluble in 0.1 N 
sodium hydroxide, in acetone, and in 0.1 N hydrochlork 
add; very slightly soluble in water and in isopropyl alcohol 

Dolasetron Mesyiate: White to off-white powder. 

Freely soluble in water and in propylene glycol; slightly solu¬ 
ble in alcohol and tn salinę IS. 

Donepezil Hydrochloride: White, crystalline powder. 
Some polymorphic forms are very hygroscopk. Freely solu¬ 
ble in chloroform; soluble in water and in glacial acetk acid; 
slightly soluble in alcohol and in acetonitrile; practkally in- 
soluble tn ethyl acetate and in r?-hexane. 

Dopamine Hydrochloride; White to off-white, crystal¬ 
line powder. May have a slight odor of hydrochlork acid. 
Melts at about 240°, with decomposition. Freely soluble in 
water and in aqueous Solutions or alkali hydroxides; soluble 
in methanol; insoluble in ether and in chloroform, 

Dorzolamide Hydrochloride: White to off-white, crys¬ 
talline powder. Soluble in water. 

Doxapram Hydrochloride: White to off-white, odorless, 
crystalline powder. Melts at about 220 d . Soluble in water 
and fn chloroform; sparing ly soluble in alcohol; practkally 
insoluble in ether. 

Doxazosin Mesyiate: White to tan-colored powder. 
Freely soluble in formie acid; very slightly soluble in metha¬ 
nol and in water. 


Add the foliowłng: 

*Doxercaiciferoh White Lo off-white powder or crystal¬ 
line solid. Soluble in N,N-dtmethylformanmde; sparing ly solu¬ 
ble in methanol; slightly soluble in acetonitrile; pracUcally 
insoluble in water.A^D 


Doxorubkin Hydrochloride: Red-orange, hygroscopk, 
crystalline or amorphous powder. Soluble in water, in iso- 
tonic sodium chloride solution, and in methanol; practkally 
insoluble tn chloroform, in ether, and in other organie sol- 
vents, 

Doxycycline: Yellow, crystalline powder. Freely soluble 
in di! u te acid and in alkali hydroxide Solutions; veiy slightly 
soluble in alcohol and tn water; practkally insoluble tn chlo¬ 
roform and in ether, 

Doxycycline Hyclate: Yellow, crystalline powder. Solu¬ 
ble in water and m Solutions of alkali hydroxides and car- 
bonates; slightly soluble in alcohol; practkally insoluble in 
chloroform and in ether, 

Doxylarmne Succinate: White or creamy white powder, 
havtng a characteristic odor. Very soluble in water and in 
alcohol; freely soluble in chloroform; very slightly soluble in 
ether and in benzene, 

Dronabinol: Lrght yellow resinous oil that is sticky at 
room temperaturę and nardens upon refrigeration. Insoluble 
in water. 

Droperidol: White to ltght tan, amorphous or micro- 
crystalline powder. Freely soluble in chloroform; slightly sol¬ 
uble in alcohol and in ether; practkally insoluble in water. 
Melts at about 145°. 

Drospirenone: White to off-white powder, Freely solu¬ 
ble in methylene chloride; soluble in acetone and in metha¬ 
nol; sparingly soluble in ethyl acetate and m alcohol; practi- 
cally insoluble in hexane and In water. 

Duloxetine Hydrochloride: White to brownish-white 
solid. Slightly soluble in water. 

Absorbable Dusting Powder: White, odorless powder. 

Dutasteride: White to pale-yellow powder. Soluble in 
ethanol and methanol; slightly soluble tn polyethylene glycol 
400; and insoluble in water. 

Dyclonine Hydrochloride: White crystals or white crys¬ 
talline powder, whith may have a slight odor. Exhibits local 
anesthetic properties when placed upon the tongue, Soluble 
in water, in acetone, in alcohol, and rn chloroform. 

Dydrogesterone: White to pale yellow, crystalline pow¬ 
der. Sparingly soluble in alcohol; practkally insoluble In 
water. 

Dyphylline: White, odorless, extremely bltter, amor¬ 
phous or crystalline solid, Freely soluble in water; sparingly 
soluble in alcohol and in chloroform; practkally insoluble in 
ether. 

Ecamsule Solution: Clear yellow liguld. 

Echothiophate lodide: White, crystalline, hygroscopk 
solid having a slight mercaptan-like odor. Its Solutions have 
a pH of about 4. Freely soluble in water and in methanol; 
soluble in dehydrated alcohol; practically insoluble in other 
organie soivents, 

Echothiophate lodide for OphthaEmic Solution: 

White, amorphous powder, 

Econazole Nltrate: White or practically white, crystal¬ 
line powder, having not morę than a slight odor. Soluble in 
methanol; sparingly soluble in chloroform; slightly soluble in 
alcohol; very slightly soluble in water and in ether. 

Edetate Caldum Dlsodium: White, crystalline granules 
or white, crystalline powder. Is odorless, is slightly hygro- 
scoplc, and has a faint, salinę taste. Is stable in atr. Freely 
soluble in water. NF category: Chelating and/or complexing 
agent, 

Edetate Disodium: White, crystalline powder. Soluble 
in water. NF category: Chelating and/or complexinq agent; 
transfer iigand. 

Edetk Acid: White, crystalline powder. Melts above 
220°, with decomposition, Soluble in Solutions of alkali hy- 
droxides; very slightly soluble in water. NF category: Chelat¬ 
ing and/or compTexing agent. 
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Edrophonrum Chlortde: White, odorless, crystalline 
powder. Its solution (1 in 10) is practically colorless. Very 
soluble in water; freely soluble in alcohoE; insoluble in chlo¬ 
roform and in ether. 

Efavirenz: White to slightly pink crystalline powder. Sol- 
uble in methanol; practically insolubię in water, 

Emedastine Fumarate; White to faintly yellow, crystal¬ 
line powder. Soluble In water. 

Emetine Hydrochloride: White or very slightly yellow- 
ish, odorless, crystalline powder. Is affected by light. Fredy 
soluble in water and in alcohol. 

Enalapril Maleate: Off-white, crystalline powder, Melts 
at about 144°. Freely soluble In methanol and in dimethyl- 
formamide; soluble tn alcohol; sparingly soluble In water; 
slightly soluble in semipolar organie sofvents; practically in- 
soluble In nonpolar organie sofvents. 

Enalaprllat: White to nearly white, hygroscoplc, crystal¬ 
line powder. Sparingly soluble m methanof and in dimethyl- 
formamide; slightly soluble in water and En isopropyl alco¬ 
hol; very slightly soluble in acetone, in alcohol, and in 
hexane; practically insotuble in acetonltrrle and En chloro¬ 
form. 

Enflurane: Clear, colorless, stable, volatile liqurd, having 
a mild, sweet odor. Is nonflammable, Slightly soluble in 
water. Miscible with organie solvents, with fats, and with 
oils. 

EnrofIoxactn: Pale yellow to light yellow crystalline 
powder, Very slightly soluble in water at pH 7 . 

Entaeapone: Greenish yellow to yellow powder, Spar¬ 
ingly soluole in acetone and In methanol; slightly soluble in 
etnanol, chloroform, isopropanol, and ether; very slightly 
soluble in toluene; practically Ensoluble in water. 

Entecavir: White to off-white powder. Practically tnsolu- 
ble to slightly soluble in water; practically insoluble in anhy- 
drous ethanol and in heptane, 

Ephedrine: Unctuous, practically colorless solid or white 
crystals or granules, Gradually decomposes on exposure to 
fight. Melts between 33° and 40°, the yarlability in the melt- 
fng point being the result of differences in the moisture con- 
tent, anhydrous Ephedrine having a lower męlting point 
than the hemEhydrate of Ephedrine, Its Solutions are alkallne 
to litmus. Soluble in water, in alcohol, En chloroform, and In 
ether; sparingly and slowly soluble In minera! oil, the solu- 
tion becomlng turbid if the Ephedrine contains morę than 
about 1% of water, 

Ephedrine Hydrachloride: Fine, white, odorless crystals 
or powder. Is affected by light, Freely soluble In water; solu¬ 
ble in alcohol; insoluble in ether, 

Ephedrine Sulfate: Fine, white, odorless crystals or 
powder. Darkens on exposure to light. Freely soluble in 
water; sparingly soluble in alcohol. 

Ephedrine Sulfate Nasal Solution; Clear, colorless solu- 
tion. Is neutral or slightly acid to litmus, 

Epinephrine: White to practically white, odorless, mb 
crocrystalllne powder or granules, gradually darkening on 
exposure to light and air. With acids, it forms salts that are 
readlly sofubie In water, and the base may be recovered by 
the aadition of ammonia water or alkall carbonates, Its Solu¬ 
tions are alkallne to litmus. Very slightly soluble En water and 
in alcohol; insoluble in ether, In chloroform, and in fixed 
and volati!e oils. 

Epinephrine Injection: Practically colorless, slightly acid 
liguid, Gradually turns dark on ex po surę to light and air. 

Epinephrine Inhalation Solution: Practically colorless, 
slightly acid !iquid, Gradually turns dark on exposure to light 
and air, 

Epinephrine Nasal Solution: Nearly colorless, slightly 
acid liguid. Gradually turns dark on exposure to light and 

air. 


Epinephrine Ophthalmic Solution: Colorless to falnt 
yellow solution. Gradually turns dark on exposure to light 
and air, 

Epinephrine Bitartrate: White, or grayish-white or fight 
brownish-gray, odorless, crystalline powder Sfowfy darkens 
on exposure to air and light. Its Solutions are acid to litmus, 
having a pH of about 3,5. Freely soluble tn water; slightly 
soluble in alcohol; practically insoluble in chloroform and in 
ether, 

Epinephrine Bitartrate for Ophthalmic Solution: 

White to off-white solid, 

Epinephryl Borate Ophthalmic Solution: Clear, pale 
yellow liquid, gradually darkening on exposure to light and 
air. 

Epirubicin Hydrochloride: Orange-red powder. Soluble 
in water and in methanol; slightly soluble in anhydrous eth¬ 
anol; practically insoluble in acetone, 

Eprinomectin: White to off-white powder. Insoluble in 
cold water. 

Erg o cal afero!; White, odorless crystals, Is affected by 
air and by light. Soluble in alcohol, in chloroform, In ether, 
and in fatty oils; insoluble in water. 

Ergocalciferol Ora! Solution: Clear ltquid having the 
eharacterlstres of the solvent used in preparing the Solution. 

Ergoloid Mesyiates: White to off-white, mrcrocrystalline 
or amorphous, practically odorless powder. Soluble in meth¬ 
anol and in alcohol; sparingly soluble in acetone; slightly 
soluble in water, 

Ergonovine Maleate: White to grayish-white or faintly 
yellow, odorless, microcrystaUine powder. Darkens with age 
and on exposure to light, Sparingly soluble in water; slightly 
soluble in alcohol; insoluble in ether and in chloroform. 

Ergotaminę Tartrate: Colorless crystals or white to yel- 
lowlsh-white, crystalline powder, Is odorless. Melts at about 
18G a , with decomposition. One g dlssolves in about 
3200 ml of water; in Ehe presence of a slight excess of tar- 
taric acid 1 g dissolves in about 500 ml of water. Slightly 
soluble in alcohol. 

Erythorbic Acid: White or slightly yellow crystals or 
powder. it gradually darkens when exposed to light. In the 
dry State, it Is reasonably stable in air, but in solution, it 
rapidly deterlorates in tne presence of air. it melts between 
164° and 171° with decomposition. One g is soluble in 
about 2,5 ml of water and in about 20 ml of alcohol, 
Slightly soluble in glycerin. NF cotegory: AnEimicrobial pre- 
servadve; antioxidant. 

Erythritol: White or almost white, crystalline powder or 
free-ffowing granules. It is stable to heat and is 
nonhygroscopiG. Freely soluble in water; very slightly soluble 
in alcohol. NF cotegory: Humectant; sweetening agent; dilu- 
ent. 

Erythromycin: White or slightly yellow, crystalline pow¬ 
der. Is odorless or practically odorless. Soluble in alcohol, in 
chloroform, and in ether; slightly soluble In water. 

Erythromycin Estolate: White, crystalline powder. is 
odorless or practically odorless, and is practically tasteiess, 
Soluble in alcohol, in acetone, and In chloroform; practically 
insoluble En water. 

Erythromycin Ethylsucdnate: White or slightly yellow 
crystaltine powder. Is odorless or practically odorless, and is 
practically tasteiess. Freely soluble in alcohol, in chloroform, 
and in polyethylene gfycol 400; very slightly soluble In 
water. 

Erythromycin Giuceptate: Colorless to white crystals. 
Slightly hygroscoplc. Freely soluble in water, in alcohol, in 
methanol, in dloxane, and In propylene glycol; slightly solu¬ 
ble in acetone and in chloroform; practically insoluble in 
ether, in carbon tetrachloride, in benzene, and in toluene, 

Erythromycin Lactobionate for Injection: White or 
slightly yellow crystals or powder, having a faint odor. Its 
solution (1 in 20) is neutral or slightly afkaltne. Freely soluble 
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in water, in alcohol, and in methanol; sfightly soluble in 
acetone and in chloroform; practically insoluble in ether* 

Erythromycin Stearate: White or slightly yellow crystais 
or powder. Is odorless or may have a sliglit, earthy odor, 
and has a slightly bitter taste. Soluble in alcohol, rn chloro¬ 
form, in mętnanol, and in ether; practically insoluble in 
water* 

Esmolol Hydrochloride: White to off-white crystalline 
powder* Very soluble in water; freeiy soluble in alcohol. 

Escitalopram Oxalate: Fine, white to slightly yellow 
powder, Freeiy soluble in methanol and in dimethyl suifox- 
ide; sparingfy soluble in water and in alcohol; very slightly 
soiuble in ethyl acetate and in isopropyl alcohol; insoluble in 
heptane. 

Esomeprazole Magnesium: White to sfightly colored 
powder. Soluble in methanol; slightly soluble in water; prac¬ 
tically insoluble in heptane. 

Estazolam: White to pale yellowtsh-white crystaL Solu¬ 
ble In methanol and in acetic anhydrlde; sparingly soluble rn 
ethanol; practically insoluble In water and m ether. 

Estradiol: White or creamy white, smali crystais or crys- 
talline powder is odorless, and is stable in air, Is hygro- 
scopic, Soluble in alcohol, in acetone, in dioxane, and in 
Solutions of fixed a łkali hydroxides; slightly soluble in chloro¬ 
form; sparingly sofuble rn vegetable oifs; practically insoluble 
in water 

Estradiol Benzoate: White to off-white, crystalline pow¬ 
der. Soluble in alcohol and in acetone; slightly soluble in 
diethyl ether; insoluble m water. 

Estradiol Cy pion a te: White to practically white, crystal¬ 
line powder. Is odorless or has a slight odor. Soluble in aleo- 
hol, in acetone, in chloroform, and in dioxane; sparingly 
soluble in vegetab!e oils; insoluble in water 

Estradiol Valerate: White, crystalline powder Is usually 
odorless but may have a faint, fatty odor. Soluble in castor 
oil, in methanol, m benzyl benzoate, and in dioxane; spar- 
ingly soluble in sesame oil and in peanut oil; practically in¬ 
soluble in water 

Estriol: White to practically white, odorless, crystalline 
powder Melts at about 280°. Soluble in acetone, in chloro¬ 
form, in dloxane, in ether, and in vegetable oils; sparingly 
soluble in alcohol; insoluble in water. 

Conjugated Estrogens: Conjugated Estrogens obtainec 
from natural sources Is a buff-colored, amorphous powder, 
odorless or having a slight, charaeteristic odor. The synthetic 
form is a white to light buff, crystalline or amorphous pow¬ 
der, odorless or having a slight odor* 

Synthetic Conjugated Estrogens: A white to light buff, 
crystalline or amorphous powder that is odorless or nas a 
slight odor. 

Esterified Estrogens: White or buff-colored, amorphous 
powder, odorless or having a slight, characteristic odor 

Estrone: Smali, white crystais or white to creamy white, 
crystaliine powder. Is odorless, and is stable in arr. Melts at 
about 260 \ Soluble in alcohol, In acetone, in dioxane, and 
in vegetable oils; slightly soluble in Solutions of fixed alkali 
hydroxides; practically insoluble in water, 

Estropipate: White to yellowlsh-white, fine, crystalline 
powder. Is odorless, or may have a slight odor. Melts at 
about 190° to a light brown, viscous Jiquid, which solidifies 
on further heating and frnally melts at about 245°, with 
decomposition. Soluble in warm water; very slightly soluble 
in water, in alcohol, in chloroform, and in ether* 

Eszopklone: White or light-yellow crystalline solid. 

Freeiy soluble in methylene cnlonde; soluble in pH 3*2 phos- 
phate buffer and in dilute minerał acids; slightly soluble in 
alcohol; very slightly solubie in water. 

Ethacrynic Acid: White or practically white, odorless or 
practically odorless, crystalline powder. Freeiy soluble in*al- 
cohol, in chloroform, and in ether; very slightly soluble in 
water. 


Ethambutol Hydrochloride: White, crystalline powder. 
Freeiy soluble in water; soluble in alcohol and in methanol; 
slightly soluble in ether and in chloroform* 

EthchlorvynoJ: Colorless to yellow, slightly viscous liq- 
u id, havrnq a characteristic pungent odor, Darkens on expo- 
surę to light and air, Imrmscibie with water; miscible with 
most organie soJyents, 

Ether: Colorless, mobile, volati!e liquid, havinq a char¬ 
acteristic sweet, pungent odor. Is slowiy oxidized by the ac- 
tion of air and light, with the formation of perox!des* It boifs 
at about 35°. Soluble in water and in hydrochloric acid. 
Miscible with alcohol, with benzene, with chloroform., with 
solvent hexane, with methylene chłoride, and with fixed 
and yolattle oils* 

Ethinyl Estradiol: White to creamy white, odorless, 
crystalline powder. Soluble in alcohol, in chloroform, in 
etner, in vegefable oils, and in Solutions of fixed alkali hy- 
droxtdes; insoluble in water. 

Ethiodized Oil Injection: Straw-colored to amber- 
colored, oily liquid. U may possess an alliaceous odor* Solu* 
b!e in acetone, in chloroform, in ether, and in solvent hex- 
ane; insoluble in water* 

Ethionamide: Bright yellow powder, having a faint to 
moderate sulfide-like odor. Soluble in methanof; sparingly 
soluble in alcohol and in propylene glycol; sfightly soluble in 
water, in chloroform, and in ether. 

Ethopabate: White to pinkish-white, odorless or practi¬ 
cally odorless powder* Soluble in acetonitrile, in acetone, in 
dehydrated alcohol, and in methanol; sparingly soluble in 
isopropyl alcohol, in dioxane, in ethyl acetate, and rn meth¬ 
ylene cnlonde; sfightly soluble in ether; very sfightly soluble 
in water* 

Ethosuximide: White to off-white, crystalline powder or 
waxy solid, having a characteristic odor. Freeiy soluble in 
water and m chloroform; very soluble in alcohol and in 
ether; very slightly soluble in solvent hexane. 

Ethotoin: White, crystalline powder* Freeiy soluble in 
dehydrated alcohol and in chloroform; solubie in ether; in¬ 
soluble in water. 

Ethyl Acetate: Transparent, colorless liquid, havrng a 
fragrant, refreshing, slightly acetous odor, and a pecullar, 
acetous, burning taste* Soiuble in water. Miscible with alco* 
hoi, with ether, with fixed oils, and with volatile oifs* NF 
category: Flavors and fragrance; sofvent. 

Ethyl Acrylate and Methyl Methacrylate Copolymer 
Dispersion: Miiky-white liquid of Iow viscos!ty with a faint, 
characteristic odor. It is miscible with water in any propor- 
tion; the miiky-white appearance is retained. A elear or 
slightly opalescent, viscous solution is obtained on mixmg 
one part with five parts of acetone, alcohol, or isopropyl 
alcohol; the polymer substance first predpitates, but then 
dissolves in tne exce$s organie solvent. When mjxed with 
1 N sodium hydroxide in a ratio of 1:2, the dispersion does 
not dissolve; the miiky-white appearance is retained. NF cat¬ 
egory: Coating agent; polymer membranę; wet binder; film- 
forming agent; diluent. 

Ethyl Chłoride: Colorless, mobile, very vo!atile llquld at 
fow temperatur© or under pressure, having a characteristic, 
ethereal odor. It bolls between 12° and 13°, and its specific 
gravlty at 0 P ts about 0.921 * When liberated at mom tem¬ 
peraturę from its sealed Container, it vaporizes immediately* 

It bums with a smoky, greenish flame, producing hydrogen 
chłoride. Freeiy soluble m alcohol and m ether; slightly solu¬ 
ble in water* 

Ethyl Maltol: White, crystalline powder having a eot- 
ton-candy odor and a sweet, fruit-like flavor in dilute solu¬ 
tion. One g dissolves in about 55 mL of water, 10 mL of 
alcohol, 1 7 mL of propylene glycol, and 5 mL of chloroform. 
It melts at about 90°* NF category: Vehkle (f!avored and/or 
sweetened); flavors and fragrance* 

Ethyl Oleate: Mobile, practically colorless !iquid, havrng 
an agreeable taste* Insoluble In water* Miscible with vegeta- 
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ble oils, with minerał oil, with alcohol, and with most or¬ 
ganie solvents. NF category: Yehicle (oleaginous); solvenL 

Ethyl Vanillin: Fine, white or slightly yellowish crystais, 
Its taste and odor are similar to the taste and odor of vanil- 
lin, is affected by light, Its Solutions are acid to litmus. Freely 
soluble in alcohol, in chloroform, rn ether, and in Solutions 
of alkaH hydroxides; sparingly soluble in water at 50*. NF 
category: Flavors and f rag rance. 

Ethylcellulose: Free-flowing, white to light tan powder. 
It fornris films that have a refractlve index of about 1.47. Its 
agueous suspensions are neutral to litmus. Ethylcellulose 
containing less than 46.5% of ethoxy groups is freely solu¬ 
ble in tetrahydrofuran, in methyl acetate, in chloroform, and 
in mixtures of aromatic hydrocarbons with alcohol; Ethylcel¬ 
lulose containing not less than 46.5% of ethoxy groups Is 
freely soluble in alcohol, in methanol, in toluene, in chloro¬ 
form, and in ethyl acetale; fnsoluble rn water, In glycerlr, 
and In propylene glycol. NF category: Coating agent; wet 
binder; flavors and fragrance; film-forming agent; polymer 
membranę; release-modifying agent; suspending and/or vis- 
cosity-increasing agent. 

Ethylcellulose Dispersion Type B: Off-white and 
slightly vtscous llguid. Soluble in alcohol, in methyl alcohol, 
In tetra hydratu ran, and in ethyl a cela te; insoluble in water 
and in chloroform. NF category: Coating agent; film-forming 
agent; polymer membranę; release-modifying agent. 

Ethyfenediamine: Clear, colorless or only slightly yellow 
Jigurd, having an ammonia-like odor and a strong alkaline 
reaction. Mrsclble with water and with alcohol. 

Ethylene Glycol Stearates: White or a!most white, 
waxy solid. Soluble in acetone and in hot alcohol; practically 
insoluble in water. NF category: Emutstfying agent; emollF 
ent 

Ethylene Glycol and Vinyl Alcohol Graft Copolymer: 

White or slightly yellowish powder. Very soluble in water; 
practically insoluble in anhydrous alcohol, and in acetone. It 
disso3ves In dilute acids and dilute Solutions of alkalt hydrox- 
ides. NF category: Coating agent; wet binder; film-forming 
agent. 

Ethylparaben: Smali, colorless crystais or white powder. 
Freely soluble in acetone, in alcohol, m ether, and in propyl¬ 
ene glycol; slightly soluble In water and in glycenn. NF cate¬ 
gory: Antimicrobial preservative, 

Ethylparaben Sodium; White or almost-white, hygro- 
stopie, crystalline powder. Freely soluble in water; soluble in 
anhydrous alcohol; practically insoluble in methylene chlo- 
ride. NF category: Antimicrobial preservatlve. 

Ethynodiol Dtaeetate: White, odorless, crystalline pow¬ 
der. Is stable in air, Very soluble in chloroform; freely soluble 
in ether; soluble in alcohol; sparingly soluble in fixed oils; 
insoluble in water. 

Etidronate Disodśum: White powder, which may ton- 
tain lumps. Freely soluble in water; practically insoluble in 
alcohol. 

Etomidate: White or almost white powder. Freely solu¬ 
ble in alcohol and in methylene chlonde; very slightly solu¬ 
ble in water. 

Etoposide: Fine, white to off-white, crystalline powcer. 
Sparingly soluble in methanol; slightly soluble in alcohol, in 
chloroform, in ethyl acetale, and in methylene chlonde; very 
slightly soluble in water. 


Add the faliowing: 

^Eucalyptus Oil: Colorless or pale yellow liguid. One 
mL of eucalyptus oil dissolves in 5 mL of 70% alcohol. Insol¬ 
uble in cold water, NF category: Flavors and perfumes^uj 
Eugenol: Colorless or pale yellow liquld, having a 
strongly aromatic odor of clove and a pungent, spicy taste, 
Upon exposure to air, it darkens and thickens. Is optically 


inactive. Slightly soluble in water. Miscible with alcohol, 
with chloroform, with ether, and with fixed oils. 

Exemestane; White to slightly yellow, crystalline pow¬ 
der. Freely soluble in W,W-dimethylformamide; soluble in 
methanol; insoluble in water. 

Ezetimibe: White powder. Freely soluble in alcohol; sol¬ 
uble in acetonitrife; insoluble in agueous solvents and 
non polar solvents like hexane. 

Famciclovir: A white to pale yellow solid. Freely soluble 
in methanol and in acetone; sparingly soluble in ethanol 
and in isopropyl alcohol. 

Famotidine: White to pale yellowish-white, crystalline 
powder. Is sensltive to light. Freely soluble in dimethylform- 
amide and in glacial acetic add; slightly soluble in metha- 
nol; very slightly soluble in water; practically insoluble In 
acetone, m alcohol, in chloroform, in ether, and in ethyl 
acetate. 

F-fard Fat: White mass; almost odorless and free from 
randd odor; greasy to the touch. On warming, melts to 
give a colorless or slightly yellowish liguid. WRen the molten 
materiał is shaken with an equal quantity of hot water, a 
white emulsion is formed. Freely soluble in ether; slightly 
soluble in alcohol; practically insoluble in water, NF category: 
Stiffening agent; supposltory base. 

Felbamate: White to off-white powder. Freely soluble in 
di methyl sulfox ide; sparingly soluble in methanol; slightly 
soluble in acetonitrile; very slightly soluble in water. 

Felodfpine: Light yellow to yellow, crystalline powder. 
Freely soluble in acetone and in methanol; very slightly solu¬ 
ble In heptane; insoluble in water. 

Fenbendazole: White to off-white powder. Sparingly 
soluble in dimethylformamide; very slightly soluble in meth¬ 
anol; practically insoluble in water, 

Fenofibrate: White or almost white, crystalline powder. 
Very soluble in methylene chlonde; slightly soluble in alco¬ 
hol; practically insoluble in water. 

Fenoldopam Mesylate: White to off-white powder. Sol¬ 
uble in water, 

Fenoprofen Cakium: White, crystalline powder. 

Slightly soluble in n-hexanol, in methanol, and in water; 
practically insoluble in chloroform. 

Fentanyl Citrate: White, crystalline powder or white, 
glistening crystais. Melts at about 150 D , with decomposition. 
Soluble En methanol; sparingly soluble in water; slightly solu¬ 
ble in chloroform. 

Ferric Oxide: Powder exhibiting two basie colors (red 
and yellow), or other shades produced on blending the ba¬ 
sie colors. fnsoluble in water and in organie soivents; dis- 
solves in hydrochloric add upon warming, a smali amount 
of insoluble residue usually remaining. NF category: Coloring 
agent. 

Ferric Subsulfate Solution: Reddish-brown liguid, 
odorless or nearly so, Acid to litmus, and h affected by light. 
5pedfic gravity is about 1.548. 

Ferric Sulfate: Grayish-white or yellowish powder or 
fawn-colored pearls. Hygroscopic. Slightly soluble in water 
and in ethanol (96%); practically insoluble in acetone and in 
ethyl acetate. Hydrolyzes slowly in aqueous solution. 

Ferrosoferrit Oxide: Black powder. Dissolves En hydro¬ 
chloric acid upon warming, a smali amount of insoluble resi¬ 
due usually remaining; insoluble in water and in organie sol- 
vents. NF category: Coloring agent. 

Ferrous Fumarate: Reddish-orange to red-brown, 
odorless powder. May contain soft lumps that produce a 
yellow streak when crushed. Slightly soluble in water; very 
slightly soluble in alcohol. Its solubility in dilute hydrochloric 
acid is limited by the separation of fumaric acid, 

Ferrous Giuconate: Ydlowish-gray or pale greenish-yel- 
low, fine powder or granuies, havlng a slight odor resem- 
bling that of burned sugar. Its solution (1 En 20) is add to 
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litmus. Soluble tn water, with slight heating; practically in* 
soluble In alcohol. 

Ferrous Sulfate: Palą blulsh-green crystals or granules. 
Is odorless and is efflorescent in dry air. Oxidizes readily in 
moist air to form brownish yellow basie ferric sulfate. Its 
solution (1 in 10) is acld to litmus, having a pH of about 
3.7, Very sofuble tn bofling water; freely solubie in water; 
insoluble in alcohol, 

Dried Ferrous Sulfate: Crayish-white to buff-colored 
powder, consisting primarily of FeSCh * H 2 0 with varying 
amounts of FeSOj * 4H 2 0. SJowly soluble in water; insoluble 
in alcohol, 

Ferumoxides Injection: Black to reddish-brown, aque~ 
ous colloid. It is stable for 24 hours after dilution. 

Fexofenadine Hydrochloride: Wbite to off-white pow- 
der. Freely soluble in methanol; very slightly to slightly solu¬ 
ble in water; very slightly soluble in acetone. 

Finasteride: Wbite to off-white, crystalline solid, Melts 
at about 257°. Freely soluble in chloroform and in alcohol; 
very slightly sofuble in water, 

Fłsh Oil Containing Omega-3 Acids: Pale yellow liguid. 
Very soluble in acetone and in heptane; slightly soluble in 
anhydrous alcohol; practically insoluble in water. 

F!avoxate Hydrochloride; Wbite or almost white, tfys- 
taili ne powder. Slightly soluble in alcohol, tn water, and in 
methylene chloride. 

Flecainfde Acetate: White to slightly off-white, crystal- 
linę powder. Freely soluble in alcohol; soluble in water. pK a 
is 9,3. 

Fluconazole: White or almost white, crystalline powder 
Freely soluble in methanol; soluble in alcohol and in ace¬ 
tone; sparingly soluble in isopropanol and in chloroform; 
slightly solubie in water; very slightly soluble in toluene, 

FJucytosine: White to off-white, crystalline powder, Is 
odorless or bas a slight odor. Sparingly soluble in water; 
slightly soluble in alcohol; practically insoluble in chloroform 
and in ether. 

Fludarabine Phosphate: White to off-white, crystalline, 
hygroscopic powder. Freely soluble in dimethylformamide; 
slightly sofuble in water and in 0.1 M hydrocnloric acid; 
practically insoluble in ethanol. 

Fludrocortisone Acetate: White to pale yellow crystals 
or crystalline powder, Is odorless or practically odo Hess, Is 
hygroscopic, Sparingly soluble in alcohol and in chloroform; 
slightly soluble in ether; insoluble in water. 

Flumazenil: White to off-white powder. Slightly soluble 
in acidic aąueous Solutions; practically insoluble in water, 

Rumethasone Pivalate: White to off-white, crystalline 
powder, Slightly soluble in methanol; very slightly soluble in 
chloroform and in mettiylene chloride; insoluble in water. 

Flunisolide: White to creamy-white, crystalline powder. 
Melts at about 245°, with decomposition, Soluble in ace¬ 
tone; sparingly soluble in chloroform; slightly soluble in 
methanol; practically insoluble in water. 

Flunbcin Meglumine: White to off-white crystalline 
powder. Soluble in water, in alcohol, and In methanol; prac¬ 
tically insoluble in ethyl acetate. 

Fluocinolone Acetonide: White or practically white, 
odorless, crystalline powder, Is stable in air. Melts at about 
270°, with aecomposition. Soluble in methanol; slightly sol¬ 
uble in ether and in chloroform; insoluble in water. 

Ruodnonide: White to cream-colored, crystalline pow¬ 
der, having not morę than a slight odor. Sparingly soluble 
in acetone and in chloroform; slightly soluble in alcohol, rn 
methanol, and in dioxane; very slightly soluble in ether; 
practically insoluble in water. 

Fluorescein: Yellowlsh-red to red, odorless powder. Sol¬ 
uble in dllute alkali hydroxides; insoluble in water, 

Fluorescein Sodium: Orange-red, hygroscopic, odorless 
powder, Freeiy soluble in water; sparingly soluble in alcohol. 


Fluorescein Sodium Ophthalmk Strip: Each Strip is a 
dry, white piece of papęr, one end of which is rounded and 
is uniformly orange-red in color because of the fluorescein 
sodium impregnated in the paper. 

Fluorometholone: White to yellowish-whitą odorless, 
crystalline powder. Melts at about 280°, with some decom¬ 
position, Slightly soluble in alcohol; very slightly soluble in 
chloroform and in ether; practically Insoluble in water. 

Fluorouradf: White to practically white, practically 
odorless, crystalline powder. Decomposes at about 282°. 
Sparingly soluble In water; slightly soluble in alcohol; practi¬ 
cally insoluble in chloroform and in ether. 

Fluoxetine Hydrochloride: White to off-white crystal¬ 
line powder. Freely soluble in alcohol and in methanol; spar¬ 
ingly soluble in water and in dichloromethane; practically 
insoluble in ether, 

Ffuoxymesterone: White or practically white, odorless, 
crystalline powder. Melts at about 240°, with some decom¬ 
position. Sparingly soluble in alcohol; slightly soluble in 
chloroform; practically insoluble in water. 

Fluphenazine Enanthate: Pale yellow to yellow-orange, 
elear to slightly turbld, viscous liauid, having a characteriStic 
odor. Is unstable In strona light, but stable to air at room 
temperaturę. Freely soluble in alcohol, in chloroform, and in 
ether; insoluble in water, 

Fluphenazine Hydrochloride: White or nearly white, 
odorless, crystalline powder. Melts, within a rangę of 5°, at 
a temperaturę above 225°, Freely solubie in water; slightly 
soluble in acetone, in alcohol, and in chloroform; practically 
insoluble in benzene and in ether, 

Flurandrenolide: White to off-white, fluffy, crystalline 
powder. Is odorless. Freely soluble in chloroform; soluble In 
methanol; sparingly soluble in alcohol; practically insoluble 
in water and in ether. 

Flurazepam Hydrochloride: Off-white to yellow, crys¬ 
talline powder, Is odorless, or bas a slight odor, and its Solu¬ 
tions are acid to litmus. Melts at about 212°, with decom¬ 
position, Freely solubfe tn water and in alcohol; slightly 
soluble in isopropyi alcohol and in chloroform. 

Flurbiprofen: White, crystalline powder. Freely soluble 
in acetone, in dehydrated alcohol, m ether, and in metha- 
nol; soluble in acetonitrile; practically insoluble in water, Op- 
tically inactrve (1 in 50 solution in dehydrated alcohol). 

Flutamide: Pale yellow, crystalline powder. Freeiy solu¬ 
ble in acetone, in ethyl acetate, and in methanol; sofuble in 
chloroform and in ether; practically insoluble in minera! oil, 
in petroleum ether, and in water. 

Flutkasone Propionate (micronized): Fine, white pow¬ 
der. 

Fluvastatin Sodium: White to pale yellow, brownish- 
pale yellow, or reddish-pale yellow, hygroscopic powder, 
Solubie in alcohol, in methanol, and in water. 

Fluvoxamine Maleate: White to off-white, crystalline 
powder, Freely soluble in alcohol and in chloroform; spar¬ 
ingly soluble in water; and practically insoluble in dfetnyl 
ether. 

Folk Acid: Yellow, yellow-brownish, or yellowish-or- 
ange, odorless, crystalline powder. It readily dissotves in dl- 
fute Solutions of alkali hydroxides and carbonates. Soluble in 
hot, 3 N hydrochloric acid, in hot, 2N sulfuric acid, in hy- 
drochloric acid, and in sulfuric acid, yielding very pale yel¬ 
low Solutions; very slightly soluble in water; insoluble in al¬ 
cohol, in acetone, in chloroform, and in ether. 

Folk Add Injection: Clear, yellow to orange-yellow, ai- 
kaline Nquid. 

Formaldehyde Solution: Clear, colorless or practically 
colorless liguid, having a pungent odor. The vapor from it 
irritates the mucous membranę of the throat and nose. On 
long standing, especially in the cold, it may become cloudy 
because of the separation of paraformaldehyde. This cloudi- 
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ness disappears when the solution is warmed, Miseible with 
water and with alcohoi 

Formoterol Fumarate Dlhydrate: White or almost 
white or slightly yellow powder* Freely soluble in dimethyl 
sulfoxide and in acetk add; soluble in methanol; slightly 
soluble in water and in 2-propanoł; practically insoiuble in 
acetonitrile and in diethyl ether. 

Foscarnet Sodium: White to almost white, crystalline 
powder. Solubfe m water; practically insoiuble in alcohoi 

Fosphenytoin Sodium: White to pale yellow solid, 

Freely solubfe in water, 

Fructose: Coiorless crystals or as a white, crystalline 
powder. Is odorless, and has a sweet taste. Freely solubfe tn 
water; soluble in alcohoi and in methanol. NF category: 
Sweetening agent; diluent; flavors and fragrance* 

Basic Fuchsin: Dark green powder or greenlsh glisten- 
ing crystalline (ragments, having a bronze-ftke luster and not 
morę than a faint odor. Soluble in water, in alcohoi, and in 
a myl alcohoi; insoiuble in ether. 

Fulvestrant: White powder* Freely soluble tn alcohoi 

Fumaric Add: White, odorless granules or crystalline 
powder* Soluble in alcohoi; slightly soluble in water and in 
ether; very slightly soluble in chloroform, NF category: pH 
modifier (acidifying agent/alkalizing agent/bufferlng agent); 
f!avors and fragrance; antioxidant. 

Furazolldone: Yellow, odorless, crystalline powder. Is 
tastefess at first, then a bitter aftertaste develops, Practically 
insoiuble in water, in alcohoi, and in carbon tetrachlonde* 

Furosemide: White to slightly yellow, odorless, crystal¬ 
line powder. Freely soluble in acetone, in dimethylfonna- 
mide, and in Solutions of alkall hydroxides; soluble in meth¬ 
anol; sparingly soluble in alcohoi; slightly soluble in ether; 
very slightly soluble in chloroform; practically insoiuble in 
water, 

Furosemide Injection: Clear, coiorless solution. 

Gabapentin; White to off-white, crystalline solid. Freely 
soluble in water and in aikaline and adaie Solutions. 

Gadodtamide; White, odorless powder. Freely solub e 
in water and in methanol; soluble in ethył alcohoi; slightly 
soluble in acetone and In chloroform* 

Gadoteridol: White to off-white, crystalline, odorless 
powder. Freely soluble in water and in methyl alcohoi; sok¬ 
ole tn isopropyf alcohoi Melts at about 300 . 

Gadoversetamide: White, odorless powder Freely solu¬ 
ble in water. 

Cafactose: A white, crystalline or finely granulated 
powder. Soluble in water; very slightly solubfe in alcohoi. NF 
category: Sweetening agent; chelating and/or complexing 
agent. 

Gaiantarmne Hydrobromide: White to almost white 
owder. Solubfe tn 0*1 N sodium hydroxide; sparingly solu- 
le in water; very slightly soluble in alcohoi; insoiuble in n- 
propanol. 

Gallamine Triethiodide: White, odorless, amorphous 
powder. Is hygroscopic. Very soluble in water; sparingly sol¬ 
uble in alcohoi; very slightly soluble in chloroform* 

Gamma Cydodextrin: White or almost white, amor : 
phous or crystalline powder. Freely soluble in water and tn 
propyiene glycol; very slightly soluble in alcohoi. NF cate¬ 
gory: Seguestering agent; chelating and/or complexing 
agent 

Gandclovir: White to off-white, crystalline powder. 

Ganciekwir for Injection: White to off-white powder. 
Soluble in water, 

Petrolatum Gauze: The petrolatum recovered by drain- 
ing in the Assay is a white or faintly yellowish, unctuous 
mass, transparent in thfn layers even after cooling to 0°. 

Gelatin: Sheets, flakes, or shreds, or coarse to fine pow¬ 
der. Is faintly yellow or amber in color, the color varying tn 
depth according to the particie size, Has a slight, character- 


istfę bouillon-like odor in solution. Is stabie in air when dry, 
but is subiect to microbic decomposition when moist or in 
solution. Gelatin has any suitable strength that is designated 
by Bloom Gelometer number. Type A Gelatin exhibtts an 
isoelectric point between pH 7 and pH 9, and Type B Gela¬ 
tin exhibits an isoelectric point between pH 4*7 and pH 5.2. 
Soluble in hot water, in 6 N acetic acid, and in a hot mix- 
Eure of glycerin and water; insoiuble in cold water, but 
sweils and softens when immersed in it, gradually absorbing 
from 5 to 10 tlmes its own weight of water, in alcohoi, in 
chloroform, In ether, and in fixed and volati!e oEls. NF cate¬ 
gory: Coating agent; suspending and/or viscosity-increasing 
agent; wet binder; capsule shell; colloid stabilizing agent; 
fifm-forming agent. 

Absorbable Gelatin Film: Ught amber, transparent, pll- 
abie film which becomes rubbery when moistened. insolu- 
ble tn water. 

Absorbable Gelatin Sponge: Ught, neariy white, none- 
lastic, tough, porous, hycłrophillc solid* Insoiuble In water* 

Geilan Gum: Off-white powder* Soluble in hot or in 
co id deionized water* NF category: Suspending and/or vis- 
cosity-lncreasing agent* 

Gemcitabine Hydrochloride: White to off-white solid. 
Soluble in water; slightly soluble in methanol; practically tn- 
soluble in alcohoi and in polar organie solvents. 

Cemfibrozil: White, waxy, crystalline solid. Soluble in 
alcohoi, in methanol, and En chloroform; practically insoJu- 
ble in water* 

Gentamicin Sulfate: White to buff powder. Freely solu¬ 
ble in water; insoiuble in alcohoi, In acetone, in chloroform, 
in ether, and in benzene* 

Gentamicin Injection: Clear, slightly yellow solution, 
having a faint odor. 

Gentian Violet; Dark green powder or greenish, glis- 
tening pieces having a metal lic luster, and having not morę 
than a faint odor* Soluble En alcohoi, in glycerin, and in 
chloroform; sparingly soluble in water; insoiuble in ether. 

Gentian Violet Cream; Dark purple, water-washable 
tream* 

Gentian Vioiet Topical Solution: Purple liquid, having 
a slight odor of alcohoi* A dilution (1 in 100), viewed down- 
ward through 1 cm of depth, Is deep purple in color. 

Powdered Asian Ginseng Extraet: Pale yellow-brown, 
hygroscopic, powdery or eastly pulverizable mass, Soluble in 
water, forming a slightly cioudy solution. 

Glaze, Pharmaceutical: Denatured alcohoi solution* NF 
category: Coating agent; film-forming agent* 

Glimepiride: White to almost white powder. Soluble in 
dimethyiformamide; sparingly soluble in methylene chloride; 
slightly solubfe in methanol practically insoiuble in water. 

Glipizide: White to off-white powder. Freely soluble in 
dimethyiformamide; soluble in OT N sodium hydroxide; 
slightly soluble in methylene chloride. 

lmmune Globulin: Transparent or slightly opalescent 
tlquid, either coiorless or of a brownlsh color due to dena¬ 
tured hemoglobin. Is practically odorless. May develop a 
slight, granular deposit durtng storage. 

Rho(D) lmmune Globulin: Transparent or slightly opal¬ 
escent liquid. Is practically coiorless and odorless* May de- 
veIop a slight, granular deposit during storage* 

Glucagon: Fine, white or faintly colored, crystalline 
powder. Is practically odorless and tasteless* Soluble in di- 
fute alkali and add Solutions; insoiuble in most organie sol- 
vents. 

Glucagon for injection: White, odorless powder, 

Giuconolaotone: Fine, white, practically odorless, crys¬ 
talline powder, Melts at about 153°, with decomposition. 
Freely solubfe in water; sparingly soluble in alcohoi; insolu- 
ble i n ether* 
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Liquid Glucose: Colorless or yellowish, thick, syrupy liq- 
uid. Odorless or neaHy odorless, and has a sweet taste. 
Sparingly soluble in alcohol. Misdbłe with waten NF cote¬ 
gory: Wet binder; eoating agent; sweetening agent. 

L-Glutamic Acid Hydrochforide: A wbite, crystalline 
powder. 1 g dissolves in about 3 mL of water. It is almost 
msoluble in alcohol and in ether. Its Solutions are acid to 
litmus. NF cotegory F]avors and frag rance. 

Glutaminę: White crystafs or crystaHine powder. Solube 
in water; practically insoluble in alcohol and in ether. 

Clutara! Concentratę: Cfear, colorless or faintly yellow 
l?quid, having a characteristic, irritating odor. 

Glycerin: Clear, colodess, syrupy liquid, having a sweet 
taste. Has not morę than a slight cnaractenstic odor, which 
is neither harsh nor disagreeabie. Is hygroscopic. Its Solu¬ 
tions are neutral to litmus. Insoluble in chloroform, m ether, 
and in flxed and vo!atile oiis, Miscible with water and with 
alcohol. NF cotegory: Humectant; plasticizer; solvent; tonidty 
agent; antimlcroblal preservative; emollient; sweetening 
agent. 

Glyceryl Behenate: [(Tltle for this monograph —not to 
chancje until December 1, 2019.) 

(Prior to December 1, 2019, the current practice of label- 
ing the article of commerce with the name Glyceryf 
Behenate may be contmued, Use of the name Glyceryl 
Dibehenate will be permitted as of December 1, 2014; how- 
ever, the use of this name will not be mandatory until De¬ 
cember 1, 2019. The 60-month extension will provide the 
time needed by manufacturers and users to make necessary 
changes.)] 

Gfyeeryf Dibehenate: Fine powder, having a faint odor. 
Melis at about 70°. Soluble in chloroform; practically insolu¬ 
ble in water and in alcohol. NF cotegory: Lubricant; eoating 
agent; suspending and/or yfscostty-increasing agent; wet 
binder. 

Glyceryl Distearate: Hard, waxy mass or powder or 
white or almost white flakes. Soluble in methylene chloride 
and in tetrahydrofuran; slightly soluble in hot alcohol; insol¬ 
uble in water. NF cotegory: Emulsifying agent. 

Glyceryl Monocaprylate: Colorless or slightly yellow, 
oily fiqutd or semisolid. Very soluble in alcohol; freely soluble 
in methylene chloride; practically insoluble in water. NF rat- 
egory : Lubricant; emulsifying agent, 

Glyceryf Monocaprylocaprate: Colorless or slightly yel¬ 
low, oily !iquid or semisolid. Very soluble in alcohol; freely 
soluble in methylene chloride; practically insoluble in water. 
NF cotegory. Lubricant; emulsifying agent. 

Glyceryl Monolinoleate: Amber, oily lląuids that may 
be partiatly solidified at room temperaturę. Freely soluble in 
methylene chloride; soluble in tetrahydrofuran; practically 
insoluble in water. NF cotegory: Emulsifying agent. 

Glyceryl Monooleate: Amber, oily liguids that may be 
partiajly solidified at room temperaturę. Freely soluble in 
methylene chloride; soluble in tetrahydrofuran; practically 
insoluble in water. NF cotegory: Emulsifying agent; emollient; 
reiease-modlfying agent, 

Glyceryl Monostearate: White to yeflowish wax4ike 
solid; or white to yellowish wax-like beads, flakes, or pow¬ 
der. Slight, agreeable, fatty odor and taste. Is affected by 
light. Dissolves in hot organie sotvents such as alcohol, mrn- 
erals or fixed oils, benzene, ether, and acetone. insoluble in 
water, but it may be dispersed in hot water with the a id of 
a smali amount of soap or other surtable surface-acttve 
agent, NF cotegory: Emulsifying agent; emollient; release- 
modifying agent; lubricant. 

Glyceryl Tristearate: White, solid, microcrystalline pow¬ 
der. Soluble in hot alcohol, in acetone, and in chloroform; 
very slightly soluble in cold alcohol, in ether, and in petro- 
leum ether; insoluble in water. NF cotegory: Lubricant; emul¬ 
sifying agent. 

Glycine: White, odorless, crystalline powder, having a 
sweetish taste. Its Solutions are acid to litmus, Freely sofuble 


In water; very slightly soluble in alcohol and in ether. NF 
cotegory: Bulking agent; dismtegrant; wetting and/or sofubi- 
lizing agent; pH modifier (acldifymg agent/aTkalizing agent/ 
buffering agent). 

Glycopyrrolate: White, odorless, crystalline powder. 
Soluble in water and in alcohol; practically insoluble in chlo¬ 
roform and in ether. 

Gonadorelin Acetate: Wbite to slightly yellowish pow¬ 
der. Soluble in water; sparlngly soluble in methanoi. 

Chorionic Gonadotropln: White or practically white, 
amorphous powder. Freely soluble in water. 

Chorlontc Gonadotropin for Injectlon: White or prac¬ 
tically white, amorphous solid having the characteristic ap- 
pearance of substances prepared by freeze-drymg. 

Gramiddin: White or practically white, odorless, crystal¬ 
line powder. Soluble in alcohol; insoluble in water. 

Cranisetron Hydrochlorlde: White or almost white 
powder. Freely soluble in water; sparingly soluble in methyl¬ 
ene chloride; slightly soluble in methanoi. 

Green Soap: Soft, unotuous, yellowish-white to brown- 
ish or greenish yellow, transparent to transfucent mass. Has 
a slight, characteristic odor, often suggestlng the oil from 
which it was prepared. Its solution (f m 20) is alkaline to 
bromothymof blue TS. 

Griseofulvin: White to creamy white, odorless powder, 
in which partides of the order of 4 pm in dlameter 
predomlnate. Soluble in acetone, in dimethylformamide, 
and in chloroform; sparingly soluble in alcohol; very slightly 
soluble in water. 

Gualfenesin: White to slightly gray, crystalline powder. 
May have a slight characteristic odor. Soluble in water, in 
alcohol, In chloroform, and in propylene glycol; sparlngly 
soluble In glycerin. 

Guanabenz Acetate: White or almost white powder 
having not morę than a slight odor. Soluble in alcohol and 
in propylene glycol; sparinoly soluble in water and in 0.1 N 
hydrochloric acid. 

Guanadrel Sulfate: White to off-white, crystalline pow¬ 
der. Melts at about 235°, with decomposition. Soluble in 
water; sparlngly soluble in methanoi; slightly soluble in alco- 
hol and in acetone. 

Guanethidine Monosulfate: White to off-white, crystal¬ 
line powder. Very soluble in water; sparingly soluble in alco¬ 
hol; practically insoluble in chloroform. 

Guar Gum: White to yellowish-white, practically 
odorless powder. Dispersible in hot or cold water, forming a 
colloidal solution. NF cotegory: Suspending and/or viscosity- 
inereasing agent; wet binder; polymers for ophthalmic use; 
refease-modrfying agent; disintegrant. 

Gutta Percha: Lumps or blocks of variable size; exter- 
nally brown or grayish-brown to gray ish-white in co lor; in- 
ternally reddish yellow or reddish gray and having a lamt- 
nated or fibrous appearance. Is flexible but only slightly 
elastic. Has a slight, characteristic odor and a slight taste. 
Soluble in chloroform; partly soluble In benzene, in carbon 
disulflde, and in turpentine oil; insoluble in water. 

Halazone: White, crystalline powder, bavmg a cha rac- 
terlsdc chlorine-like odor. Is affected by light. Melts at about 
194°, with decomposition. Soluble in glacial acetic acid; 
very slightly soluble in water and in chloroform. Dissolves in 
Solutions of ałkali hydroxldes and carbonates with the for- 
mation of a salt. 

Halazone Tabiets for Solution: Soluble in water. 

Haidnonide: White to off-white, odorless, crystalline 
owder. Soluble in acetone and in chloroform; slightly solu- 
le in alcohol and in ethyl ether; insoluble in water and in 
hexanes. 

Halobetasol Propionate: White to off-white powder. 
Freely soluble In dientoromethane and in acetone; practically 
insoluble in water. 
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Haloperidol: White to faintly yellowish, amorphous or 
mtcrocrystallEne powder. tts saturated solution is neutral to 
litmus. Soluble «n chloroform; sparingiy soluble in alcohol; 
slightly soluble in ether; practically insolubie in water* 

Haloperidol Deeanoate: A white or almost wbite pow¬ 
der. Very soluble in alcohol, in methanol, and in methylene 
chloride; practically insolubie in water. 

Halothane; Colorless, mobile, nonflammable, heavy liq- 
uid, having a eharacterlstic odor resembling that of chloro¬ 
form. Its taste is sweet and produces a burning sensation. 
Slightly soluble in water. Misdble with alcohoC with chloro¬ 
form, with ether, and with fixed oils* 

Helium: Colorless, odorless, tasteless gas, which is not 
combustible and does not support combustion. Very slightly 
soluble in water At G Q and at a pressure of 760 mm of 
mercury, 1000 ml of the gas weighs about 180 mg, 

Heparin Sodium: White or pale-colored, amorphous 
powder Is odorless or practically so, and is hygroscopic. 
Soluble in water, 

Hexachlorophene: White to iight tan, crystalline pow¬ 
der. Is odorless or has only a slight, phenolic odor Freely 
soiuble in acetone, in alcohol, and in ether; soluble in chlo¬ 
roform and in dilute Solutions of fixed aikali hydroxides; in- 
solubię in water 

Hexachlorophene Liquid Soap: Clear, amber-cotored 
Jiquid, having a slight, characterrstic odor Its solution (t tn 
20) is elear and has an alkaiine reaction* 

Hexylene Glycol: Clear, colorless, viscous Itguid. Ab- 
sorbs moisture when exposed to rnoist air. Miscible with 
water and with many organie sohrents, including alcohol, 
ether, chloroform, acetone, and hexanes. NF category: Hu- 
mectant; solvent 

Histaminę Phosphate: Colorless, odorless, long pris- 
matk: crystals, Is slabie in air but is affected by Iight Its 
Solutions are add lo litmus, Freely soluble in water. 

Histidine: White, odorless crystals, havinq a slightly bit- 
ter taste* Soluble In water; very slightly soluble in alcohol; 
insolubie in ether 

Histoptasmin: Clear, red liquid. Miscible with water 

Homatropinę Hydrobromide: White crystals, or white, 
crystalline powder Slowly darkens on exposure to Iight. 
Freely solubie in water; sparingiy soluble in alcohol; slightly 
soluble in chloroform; insolubie in ether. Melts between 
214° and 217°, with slight decomposition. 

Homatropine Methylbromlde: White, odorless pow¬ 
der. Slowly darkens on exposure to Iight, Melts at about 
190°, Very soluble in water; freely soluble in alcohol and m 
acetone containing about 20% of water; practically insolu- 
ble in ether and in acetone. 

Hydralazme Hydrochloride: White to off-white, 
odorless, crystalline powder. Melts at about 275°, with de¬ 
composition. Soluble in water; slightly soluble in alcohol; 
very slightly soluble in ether. 

Hydrochlork Acid: Colorless, fuming Hauid having a 
pungent odor. It ceases to fume when it is diluted with 2 
volumes of water Specific gravity is about U 8. NF cate¬ 
gory: pH modifier (acidifying agent/alkalizing agent/buffer- 
mg agent). 

Diluted Hydrochloric Acid: Colorless, odorless Mquid, 
Specific gravity is about 1.05, NF category: pH modifier 
(acidifying agent/alkalizing agent/buffering agent), 

Hydrochlorothiazide: White, or practically white, prac¬ 
tically odorless, crystalline powder. Freely soluble in sodium 
hydroxide solution, in n-butylamine, ano in dimethylforma- 
mide; very slightly soluble in water; sparingiy soluble in 
methanol; insolubie in ether, in chloroform, and in dilute 
minerał adds, 

Hydrocodone Bitartrate: Fine, white crystals or a erys- 
talline powder, Is affected by Iight, Soluble in water; slightly 
soluble in alcohol; insoiubfe in ether and in chloroform* 


Hydrocortisone: White to practically white, odorless, 
crystalline powder. Melts at about 215°, with decomposi¬ 
tion. Sparingiy soiuble tn acetone and in alcohol; slightly 
soluble in chloroform; very slightly soluble in water and in 
ether. 

Hydrocortisone Acetale: White to practically white, 
odorless, crystalline powder Melts at about 220°, with de- 
compositlon* Slightly soluble in alcohol and in chloroform; 
insolubie in water* 

Hydrocortisone Bu ty ratę: White to practically white, 
practically odorless, crystalline powder, Freely soluble in 
chloroform; soluble in methanol, in alcohol, and in acetone; 
slightly soiuble in ether; practically insolubie in water* 

Hydrocortisone Sodium Phosphate: White to Iight yel- 
!ow, odorless or practically odorless, powder. Is exceedingly 
hygroscopic. Freely soluble in water; slightly soluble in alco¬ 
hol; practically insolubie in chloroform, in dioxane, and in 
ether* 

Hydrocortisone Sodium Succinate: White or nearJy 
white, odorless, hygroscopic, amorphous solid. Very soluble 
in water and in alcohol; very slightly solubfe in acetone; 
insolubie in chloroform. 

Hydroflumethiazide: White to oream-colored, finely di- 
vided, odorless, crystalline powder. Freely soluble in ace¬ 
tone; soluble in alcohol; very slightly soluble in water. 

Hydrogen Peroxide Concentrate: Clear, colorless liq- 
uid. Is acid to litmus. Slowly decomposes, and is affected by 
Iight. 

Hydrogen Peroxide Solution: Clear, colorless liquid, 
odorless, or havmg an odor resembling that of ozone. Is 
acid to litmus ano to the taste and produces a froth in the 
mouth* Rapidly decomposes when in contact with many ox- 
idizing as well as reducing substances. When rapidly heated, 
it may decompose suddenly. Is affected by iight. Specific 
gravity is about 1.01* 

Hydromorphone Hydrochloride: Fine, white or practi¬ 
cally white, odorless, crystalline powder. is affected by Iight. 
Freely soluble in water; sparingiy soluble in alcohol; practi¬ 
cally insolubie in ether. 

Hydroguinone: Fine white needles* Darkens upon ex- 
posure to Iight and air* Freely soluble in water, in alcohol, 
and in ether* 

Hydroxocobalamin: Dark red crystals or red crystalline 
powder. Is odorless, or has not morę than a slight acetone 
odor. The anhydrous form is very hygroscopic. Sparingiy 
soluble in water, tn alcohol, and in methanol; practically in- 
soluble in acetone, in ether, in chloroform, and in benzene. 

Hydroxyamphetamine Hydrobromide: White, crystal¬ 
line powder* Its Solutions are slightly acid to litmus, having a 
pH of about 5. Freely soluble in water and in alcohol; 
slightly soluble in chloroform; practically insolubie in ether. 

Hydroxychloroqume Sulfate: White or practically 
white, crystalline powder Is odorless, and has a bltter taste. 
its Solutions have a pH of about 4.5* Exlsts tn two forms, the 
usual form melting at about 240 a and the other form melt- 
ing at about 198°. Freely soluble in water; practically insolu- 
ble in alcohol, in chloroform, and in ether. 

Hydroxyethyl Oellulose: White to Iight tan, practically 
odorless and taste less, hygroscopic powder* Soluble in hot 
water and in cold water, givrng a colloidal solution; practi¬ 
cally insolubie in alcohol and in most organie solvent$, NF 
category ; Suspendtng and/or Yfscosity-increasing agent; coat- 
ing agent; fifm-forming agent; polymers for opnthalmic use; 
wet binder* 

Hydroxyprogesterone Caproate: White or creamy 
white, crystalline powder. Is odorless or has a slight odor. 
Soluble in ether; slightly soiuble in benzene; insolubie in 
water. 

Hydroxypropyl Betadex; White or almost white, amor¬ 
phous or crystalline powder* Freely soluble in water and in 
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propylene glycoL NF category: Seąuestering agent; chelating 
and/or complexing agent; release-modifying agent. 

Hydroxypropyl Cellulose: White to eream-colored, 
practically odorless and tasteless, grany lar solid or powder. 
is hygroscopic after drying, Soluble in cold water, in alcohol, 
in chrom form, and in propylene glycol, giving a colloidal 
solution; insoluble in hot water. NF category: Coating agent; 
suspending and/or viscosity-increasing agent; emulsrrying 
agent; film-forming agent; release-modifying agent; wel 
binder. 

Low-Substituted Hydroxypropyl Cellulose: White to 
yellowish-white, practically odorless and tasteless, fibrous or 
granular powder, Is hygroscopic. Practically insoluble in al- 
cohol and in ether. Dissolyes rn a solution of sodium hy- 
droxide (1 in 10), and produces a viscous solution. Swells in 
water, in sodium carbonateTS, and in 2 N hydrochloric 
acid* The pH of the suspension, obtained by shaking 1.Qg 
with 100 ml of water, is between 5.0 and 7.5. NF category: 
Disintegrant; wet binder. 

Hydroxyurea: White to off-white powder. Is somewhat 
hygroscopic, decomposing in the presence of moisture. 

Melts at a temperaturę exceeding 133°, with decomposi- 
tion. Freely soluble in water and in hot alcohol. 

Hydroxyzine Hydrochloride: White, odorless powder 
Melts at about 200*, with decomposition* Very soluble in 
water; soluble in chloroform; slightly soluble in acetone; 
practically insoluble in ether. 

Hydroxyzine Pamoate: Light yellow, practically 
odorless powder. Freely soluble in dimethylformamide; prac- 
tically insoluble in water and in methanol. 

Hymetellose: A white, yellowish-white or grayish-white 
powder or granules, Hygroscopic after drying* Dissolves in 
cold water, giving a colloidal solution. Insoluble in hot 
water, in acetone, in alcohol, in ether, and in toluene. 

Hyoscyamine: White, crystalline powder. Is affeeted by 
light* fts Solutions are alkaline to litmus, Freely soluble in 
alcohol, in chloroform, and in dilute acids; sparingly soluble 
in ether; slightly soluble in water and in benzene. 

Hyoscyamine Hydrobromide: White, odorless oystals 
or crystalfine powder. The pH of a solution (1 in 20) is 
about 5.4. is affeeted by light. Freely soluble in water, in 
alcohol, and in chloroform; very slightly soluble in ether 

Hyoscyamine Sulfate: White or almost white, crystal- 
line powder or colorless needles. Is deliquescent and is af- 
fected by light. The pH of a solution (1 in 100) is about 5.3. 
Very soluble in water; freely soluble in alcohol; practically 
insoluble in ether. Melts at a temperaturę not less than 
200 °. 

Hypophosphorous Add: Colorless or slightly yellow, 
odorless liquid. Specific gravity is about 1.13. NF category: 
Antioxidant. 

Hypromellose: White to slightly off-white, fibrous or 
granular powder Swells in water and produces a dear to 
opalescent, viscous, colloidal mixture. Insoluble in dehy- 
drated alcohol, in ether, and m chloroform. NF category: 
Coating agent; suspending and/or yiscosity-inereasing 
agent; wet binder; polymers for ophthalmic use; capsule 
snęli; emulsifying agent; film-forming agent; release-modify¬ 
ing agent. 

Hypromellose 2208: White to slightly off-white, fibrous 
or granular powder. Swells in water and produces a elear to 
opalescent, ytstous, colloidal mixture. Insoluble in dehy- 
drated alcohol, m ether, and in chloroform. NF category: 
Coating agent; suspending and/or viscosity-increasing 
agent; tablet binder 

Hypromellose 2906: White to slightly off-white, fibrous 
or granular powder. Swells in water and produces a elear to 
opalescent, viscous, colloidal mixture. Insoluble in dehy- 
drated alcohol, in ether, and in chloroform. NF category: 
Coating agent; suspending and/or viscosity-increasing 
agent; tablet binder. 


Hypromellose 2910: White to slightly off-white, fibrous 
or granular powder Swells in water and produces a elear to 
opalescent, viscous, colloidal mixture, Insoluble in dehy- 
drated alcohol, In ether, and in chloroform. NF category: 
Coating agent; suspending and/or wscosity-increasing 
agent; tablet binder 

Hypromellose Acetale Suctinate: White to yellowish- 
white powder or pills, Odorless, or has a faint, acetic add- 
like odor, and tasteless, Practically insoluble in water, in de¬ 
hydrated alcohol, in xy!ene, and in hexane. On the addition 
of a mixture of dehydrated alcohol and dichloromethane 
(1:1) or acetone, a elear or turbid viscous liguid is produced. 
Dissolves in 1 N sodium hydroxide. Slightly hygroscopic. NF 
category: Coating agent; wet binder; film-forming agent. 

Hypromellose Phthalate: White powder or granules. !s 
odorless and tasteless* Practically insoluble in water, in dehy¬ 
drated alcohof, and in hexane. Produces a viscous solution 
in a mixture of methanol and dichloromethane ( 1 : 1 ), or in a 
mixture of dehydrated alcohol and acetone (1:1). Dissolves 
in 1 N sodium nydroxtde. NF category: Coating agent; film- 
forming agent 

Ibuprofen: White to off-white, crystalfine powder, hav- 
ing a slight, characteristic odor. Very soluble in alcohol, in 
methanol, in acetone, and in chloroform; slightly soluble in 
ethyl acetate; practically insoluble in water. 

Ibutiltde Fumarate: White to off-white powder. Freely 
soluble in water; sparingly soluble in methanol. 

Ichthammol: Reddish-brown to brownish-black, viscous 
fluid, having a strong, characteristic, empyreumatic odor* 
Mlseible with water, with gtycerin, and with fixed oils and 
fats* Partially soluble in alcohol and in ether. 

Idarubkin Hydrochloride: Red-orange to red-brown 
powder* Soluble in methanol; slightly soluble in water; insol- 
uble in acetone and in ethyl ether. 

ldoxuridine: White, crystalfine, practically odorless pow¬ 
der. Slightly soluble in water and in alcohol; practically in¬ 
soluble in chloroform and in ether. 

Ifosfamide: White, crystalline powder. Melts at about 
40", Very soluble in alcohof, in ethyl acetate, in isopropyl 
alcohol, in methanol, and in methylene chionde; freely solu¬ 
ble in water; very slightly soluble in hexanes. 

Imidurea: White, odorless, tasteless powder* Soluble in 
water and in glycerin; sparingly soluble in propylene glycol; 
insoluble in most organie solvents. NF category: Antimicro- 
bial preservative* 

Imipenem: White to tan-colored crystalline powder. 
Slightly soluble in water and in methanol. 

Imipramine Hydrochloride: White to off-white, 
odorless or practically odorless, crystalline powder. Freely 
soluble in water and In alcohol; soluble in acetone; insoluble 
in ether and in benzene. 

Imipramine Pamoate: Fine, yellow powder. Soluble in 
acetone, in chloroform, in carbon tetrachlohde, in ethanol, 
and in ether; insoluble in water* 

Imiguimod: White or almost white, powder or erystal- 
linę powder. Very slightly soluble rn methanol; practically 
insoluble in water and in acetone. 

Inamrinone: Pale yellow to tan powder. It is odorless or 
has a faint odor. Slightly soluble in methanol; practically in¬ 
soluble or insoluble in chloroform and in water. 

indapamrde: White to off-white, crystalline powder. 
Melts between 167* and 170°. Soluble in methanol, in alco¬ 
hol, in acetonitrile, in glacial acetic acid, and in ethyl ace¬ 
tate; very slightly soluble in ether and in chloroform; practi¬ 
cally Insoluble in water. 

Indigotindisulfonate Sodium: Dusky, purplish-blue 
powder, or blue granules having a coppery luster. Is af- 
fecled by light. Its Solutions have a blue or bluish purple 
color. Slightly soluble in water and in alcohol; practically 
insoluble in most other organie sofvents. 
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Endmavtr Sulfate: White or almost white, hygroseoprc 
powder. Freely soluble in water; soluble in methanol; practi- 
cally insoluble in heptane. 

fndocyanine Green: Ofive-brown, dark green, blue- 
green, dark blue, or black powder. Is odoriess or has a sfight 
odor. Its Solutions are deep emerald-green in color, The pH 
of a solution (1 in 200) is about 6, Its agueous Solutions are 
stable for about 8 hours, Soluble in water and in methanol; 
practically insoluble in most other organie solvents + 

Indomethadn: Pale yellow to yellow-tan, crystalline 
powder, having not morę than a sfight odon Is sensitwe to 
light. Melts at about 162°. Exhibrts pofymorphism. Sparingly 
soluble in alcohol, in chloroform, and m ether; pracfrcally 
insoluble in water. 

Influenza Virus Vaccine: Slightly turbid liouid or sus¬ 
pension, which may have a slight yellow or readish tinge 
and may have an odor because of the preservative« 

Inositol: White or almost white, crystalline powder 
Very soluble in water; practically insoluble in alcohot abso- 
lute and in ether. NF category: Humectant. 

Insufin: White or practically white erystais, Soluble in 
Solutions of dilute acias and alkalies. 

Insulin Injection: The Injection containing, in each ml, 
not morę than 100 USP Units is a elear, colorless or almost 
colorless liquid; the Injection containing, in each ml_, 500 
Units may be straw-co lored. Gontains between 04% and 
0.25% (w/v) of either phenol or cresol. Gontains between 
1.4% and 1.8% (w/v) of glycerin. 

Insufin Lispro: White or practically white erystais. Solu¬ 
ble in Solutions of dilute acids and alkalies. 

Isophane Insufin Suspension: White suspension of rod- 
shapea erystais, free from large aggregates of erystais fd- 
lowing moderate agitation. Gontains either (T) between 
1.4% and 1.8% (w/v) of glycerin, between 0.15% and 
0.17% (w/v) of metacresol, and between 0.06% and 0.07% 
(w/v) of phenol; or (2) between 1.4% and 1.8% (w/v) of 
lycerin and between 0.20% and 0.25% (w/v) of phenol. 
ontains between 0.15% and 0.25% (w/v) of dibasic so- 
dium phosphate. When examined microscopically, the insol¬ 
uble matter in the Suspension is crystalline, and contains 
not morę than traees of amorphous materiał. 

Insulin Zinc Suspension: Practically coloriess suspension 
of a mfxture of characteristic erystais predominantly be¬ 
tween 10 and 40 |im in maximum dimension and many 
particles that have no uniform shape and do not exceed 2 
jLim in maximum dimension. Contains between 0.15% and 
0.17% (w/v) of sodium acetate, between 0.65% and 0.75% 
(w/v) of sodium chloride, and between 0.09% and 0.11% 
(w/v) of methylparaben. 

Extended Insulin Zinc Suspension: Practically colorless 
suspension of a mixture of characteristic erystais tne maxi- 
mum dimension of which is predominantly between 10 and 
40 pm. Contains between 0.15% and 0.1 7% (w/v) of so¬ 
dium acetate, between 0,65% and 0.75% (w/v) of sodium 
chloride, and between 0.09% and 0.11% (w/v) of methyl¬ 
paraben. 

Prompt Insulin Zinc Suspension: Practically colorless 
suspension of particles that nave no uniform shape and the 
maximum dimension of which does not exceed 2 pm. Con¬ 
tains between 04 5% and 04 7% (w/v) of sodium acetate, 
between 0.65% and 075% (w/v) of sodium chloride, and 
between 0.09% and 041% (w/v) of methylparaben. 

Inufin: White, friable, ehalk-like, amorphous, odoriess, 
tasteless powder. Soluble in hot water; slightly soluble In 
cofd water and in organie sofyents. NF category: Sweetening 
agent; wet binder. 

Invert Sugar: Colorless to pale yellow liqurd. Miscible 
with water, with glycerin, and with glycols. NF category 
Sweetening agent; diiuent; wet binder. 

lodine: Heavy, grayish-bfack plates or granules; having 
a metal lic luster and a characteristic odor. Freely soluble in 
car bon disulfide, in chloroform, in carbon tetrachloride, and 


in ether; soluble in alcohol and in Solutions of iodides; spar- 
ingiy soluble in glycerin; very slightly soluble in water. 

lodine Topical Solution: Transparent, reddish-brown 
Jiquid, having the odor of iodine. 

Strong lodine Solution: Transparent liguid having a 
deep brown color and having the odor of iodine. 

lodine Tincture: Transparent Iiquid having a reddish- 
brown color and the odor of iodine and of alcohol. 

Sodium lodide I 123 Capsules: Capsules may contain a 
smali amount of solid or solids, or may appear empty. 

Sodium lodide I 123 Solution: Clear, colorless solution. 
Upon standing, both the Solution and the glass Container 
may darken as a result of the effects of the radiation. 

lodinated i 125 Albumin Injection: Clear, colorless to 
slightly yellow solution. Upon standing, both the Albumin 
and the glass Container may darken as a result of the effects 
of the radiation. 

lodinated I 131 Albumin Injection: Clear, colorless to 
slightly yellow solution. Upon standing, both the Albumin 
and the giass Container may darken as a result of the effects 
of the radiation. 

lodinated I 131 Albumin Aggregated Injection: Dilute 
suspension of white to faintly yeffow particles, which may 
settle on standing. The glass Container may darken on 
standing, as a result of the effects of the radiation. 

Sodium Rosę Bengal I 131 Injection: Clear, deep-red 
solution. 

lodohippurate Sodium 1131 Injection: Clear, colorless 
solution. Upon standing, both the Injection and the glass 
Container may darken as a resuit of the effects of the radia- 
tion. 

Sodium lodide I 131 Capsules: May contain a smali 
amount of solid or solids, or may appear empty. 

Sodium lodide 1131 Solution: Clear, colorless solution. 
Upon standing, both the Solution and the glass Container 
may darken as a result of the effects of the radiation. 

lodipamtde: White, practically odoriess, crystalline pow¬ 
der. Slightly soluble in alcohol; very slightly soluble in water, 
in chloroform, and in ether. 

lodipamide Meglumine Injection: Clear, colorless to 
pale yellow, slightly viscous liquid. 

lodixanol: White to off-white, amorphous, odoriess, hy- 
groscopic powder. Freely soluble tn water. 

lodoform: Lustrous greenish yellow powder, or lustrous 
erystais. Il is slightly vofati!e even at ordinary temperatures, 
and distills slowly with steam. Freely soluble in ether and in 
chloroform; soluble in boiling alcohol; sparingly soluble in 
alcohol, in glycerin, and in olive oil; practically insoluble In 
water. Meits to a brown liquid at about 115°, and decom- 
poses at a higher temperaturę, emitting vapors of iodine, 
lodoąiiinof: Ught yellowish to tan, microcrystaliine 
powder not readrly wetted by water. Is odoriess or has a 
faint odor; is stable in air. Melts with decomposition. Spar¬ 
ingly soluble in alcohol and in ether; practically insoluble in 
water. 

lohexol: White to off-white, hygroscopic, odoriess pow¬ 
der. Very soluble in water and in methanol; practically insoh 
uble or insoluble in ether and in chloroform. 

iohexol Injection: Clear, coloriess to pale yellow liguid. 
lopamidol: Practically odoriess, white to off-white pow¬ 
der. Verv soluble in water; sparingly soluble in methanol; 
practically insoluble in alcohol and in chloroform. 

jopanoic Acid: Cream-colored powder. Is tasteless or 
practically so, and has a faint, characteristic odor. Is affected 
by light. Soluble in alcohol, in chloroform, and in ether, and 
in Solutions of alkali hydroxides and carbonates; insoluble rn 
water. 

lophendylate: Colorless to pale yelfow, viscous figuid, 
the color darkening on long exposure to air. Is odoriess or 
has a faintly ethereal odor. Freely soluble in alcohol, in ben- 
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zene, in chloroform, and rn ether; very slightly soluble in 
water. 

lophendylate łnjection: Colorless to pale yellow, v»s- 
cous liguid, the color darkening on long exposure to air. Is 
odorless or has a faintly elhereal odor. Freeiy soluble 3n alco¬ 
hol, in benzene, in chloroform, and in ether; very slightly 
soluble in water. 

fopromide: White to slightly yellow powder, Freely sol* 
uble in water and in dimethyl sulfoxide; practically insoluble 
in alcohol, in acetone, and in ether. 

lothalamate Meglumine łnjection: Clear, colorless to 
pale yellow, slightly vtscous liguid. 

lothalamate Megiumine and lothalamate Sodium in* 
jection: Clear, colorless to pale yellow, slightly viscous iiq- 
uid. 

lothalamate Sodium łnjection: Clear, colorless to pale 
yellow, slightly viscous figuid* 

lothalamlc Acid: White, odorless powder. Soluble in So¬ 
lutions of afkali hydroxides; slightly soluble in water and in 
alcohol. 

loxifan: White to off-white, practically odorless powder 
Soluble in water and in methanol. 

!oxilan łnjection: Clear, colorless to pale yellow fiquid, 
Powdered Ipecac: Pale brown, weak yellow, or light ol- 
ive-gray powder, 

Ipodate Sodium: Wbite to off-white, odorless, fme, 
crystalline powder. Freely soluble in water, in alcohol, and in 
methanol; very slightly soluble in chloroform, 

Ipratropium Bromrde: White to off-white, crystalline 
powder Freely soluble In methanol; soluble in water; slightly 
soluble in alcohol. 

Irbesartan: White to off-white, crystalline powder, 
Slightly soluble in alcohol and in methylene chloride; practi- 
calfy insoluble in water 

Irinotecan Hydrochloride: Pale yellow to yellow crys¬ 
talline powder, Slightly soluble in water and in organie sol- 
vents. 

Iron Dextran łnjection: Dark brown, slightly vfscous 
liquid. 

iron Sorbitex łnjection: Clear liguid, having a dark 
brown color, 

Isobutane: Colorless, flammable gas (boiling tempera¬ 
turę is about l d ), Vapor pressure at 21 C1 is about 
2950 mm of mercury (31 psig). NF category: Propelfant. 

Isobutyl Alcohol: Clear, colorless, mobile liquid. Soluble 
in water. Misdble with alcohol, with ether, and with many 
other organie solvents. NF category: Flavor$ and f rag rance; 
solvent 

Isoetharine Inhafation Solution: Colorless or slightly 
yellow, slightly acid llquid, gradually turning dark on expo- 
sure to air and light. 

Isoetharine Hydrochloride: White to off-white, 
odorless, crystalline solid. Melts between 1 96° and 208 fl , 
with decomposition. Soluble in water; sparingly soluble in 
alcohol; practically insoluble in ether. 

Isoetharme Mesylate: White or practically white, 
odorless crystals having a salty, bitter taste. Freely soluble in 
water; soluble in alcohol; practically insoluble in acetone 
and in ether, 

Isofłurane: Clear, colorless, volatile liquid, havrng a 
slight odor. Boils at about 49°. Insoluble in water. Misdble 
with common organie solvents and with fats and olfs, 
Isoleucine: White, practically odorless crystals, having a 
slightly bitter taste. Soluble in water; slightly soluble in hot 
alcohol; insoluble in ether, 

Isometheptene Mucate: White, crystalline powder. 

Freely soluble in water; soluble in alcohol; practically insolu* 
bfe in chloroform and in ether. 


Isoniazid: Colorless or white crystals or white, crystal¬ 
line powder. Is odorless and is slowly affected by exposure 
to air and light. Freely soluble in water; sparmgfy soluble in 
alcohol; slightly soluble rn chloroform; very slightly soluble 
in ether. 

Isoniazid łnjection: Clear, colorless to faintly greenish- 
yellow liguid. Gradually darkens on exposure to air and 
light. Tends to crystallize at Iow tempera tures. 

Isopropamide lodrde: White to pale yellow, crystalline 
powder, havlng a bitter taste. Freely soluble in chloroform 
and in alcohol; sparingly soluble in water; very slightly solu¬ 
ble in benzene and in ether. 

Isopropyl Alcohol: Transparent, colorless, mobile, vola- 
tile liquid, naving a characteristic odor and a slightly bitter 
taste. Is flammable. Mjscible with water, with alcohol, with 
ether, and with chloroform. NF category: Solvent. 

Azeotrople Isopropyl Alcohol: Transparent, colorless, 
mobile, volatile liquid, having a characteristic odor and a 
slightly bitter taste. Is flammable. Misdble with water, with 
alcohol, with ether, and with chloroform, 

Isopropyl MyriState: Clear, practically colorless, oily liq- 
uid. Is practically odorless, and congeals at about 5°. Freely 
soluble in 90% alcohol; insoluble in water, in glycerin, and 
in propylene glycol. Misdble with most organie solvents and 
with fixed oils, NF category: Vehrcle (oleaginous); emollient; 
solvent, 

Isopropyl Paimltate: Colorless, mobile liquid havlng a 
very slight odor. Soluble in acetone, 3n castoroil, in chloro¬ 
form, in cottonseed oil, in ethyl acetate, in alcohol, and in 
minera! oil; insoluble in water, in glycerin, and in propylene 
glycol, NF category: Vehicfe (oleaginous); emollient; solvent 
Isoproterenol Inhafalion Solution: Colorless or practi¬ 
cally colorless, slightly acid lrquid, gradually turning aark on 
exposure to air and light, 

Isoproterenol Hydrochloride: White to practically 
white, odorless, crystalline powder, having a slightly bitter 
taste. Gradually darkens on exposure to air and light. Its 
Solutions become pink to brownish pink on standing ex- 
posed to air, doing so almost im media tely when rendered 
alkaline. Its solution (1 in 100) has a ph of about 5, Freely 
soluble in water; sparingly soluble in alcohol and less soluble 
in dehydrated alcohol; insoluble in chloroform and in ether, 
isoproterenol Hydrochloride łnjection: Colorless or 
practically colorless liguid, gradually turning dark on expo- 
sure to air and light. 

Isoproterenol Sulfate: White to practically white, 
odorless, crystalline powder. ft gradually darkens on expo- 
sure to air and light. Its Solutions become pink to brownish 
pink on standing exposed to air, doing so almost immedi- 
ately when rendereo alkaline. A solution (1 in 100) has a pH 
of about 5. Freefy soluble In water; very slightly soluble in 
alcohol, in benzene, and in ether. 

isosorbide Concentrate: Colorless to slightly yellow liq- 
uid. Soluble in water and in alcohol. 

Diluted Isosorbide Dinitrate: lvory-white, odorless 
powder. [NOTĘ—Undiiuted isosorbide dinitrate occurs as 
white, crystalline rosettes.] Undiiuted Isosorbide dinitrate is 
very soluble In acetone; freely soluble in chloroform; spar- 
ingly soluble in alcohol; very slightly soluble in water, 
isotretinoin: Yellow crystals. Soluble in chloroform; 
sparingly soluble in alcohol, rn isopropyl alcohol, and in pof- 
yethylene glycol 400; practically insoluble in water. 

(sGxsuprine Hydrochloride: White, odorless, crystalline 
powder, having a bitter taste. Melts at about 200°, with 
decomposition. Sparingly soluble in alcohol; slightly soluble 
in water. 

lsradipine: Yellow, fine crystalline powder, 

Itraconazole: A white or almost white powder. Freely 
soluble in methylene chloride; sparingly soluble in tetrahy- 
drofuran; very slightly soluble in alcohol; practically insoluble 
in water. 


Reference Tables 




Reference Tables 


2482 Description and Relative Sol u bi lity / Reference Tables 


USP 40 


lvermectin: White to yellowish-whrte, crystalline pow- 
der, Sligbtly hygroscopic. Freely soluble m methanol and in 
methylene chloride; soiuble in acetone and in acetonitrlle; 
practically insoluble in hexane and in water. 


Add the fotfowing; 

A Ixabepilone: White or almost wbite powder. Sligbtly 
soluble in aceton itriie.i^wi 

junrper Tar: Dark brown, elear, thick Itąuid, having a 
tarry odor and a faintly aromatic, bitter taste, Sparingly solu¬ 
ble in solvent hexane; very sligbtly soluble in water. One 
volume dissolves in 9 volumes of alcohol. Dissolves in 3 
votumes of ether, leaving only a slight, flocculent residua. 
Miscible with amyl alcohol, with chloroform, and with gla- 
ciał acetic add. 

Kanamycin Sulfate: White, odorless, crystalline powder, 
Freely soluble in water; insoluble in acetone, in ethyl ace¬ 
tale, and in benzene. 

Kaolin: Soft, white or yellowish-white powder or lumps. 
Has an earthy or clay-like taste and, when moistened with 
water, assumes a darkercolor and develops a marked day- 
like odor. Insoluble In water, in cotd dilute acrds, and In 
Solutions of alkali hydroxldes. NF category: Diluent; sus- 
pending and/or wscosity-increasing agent. 

Ketamine Hydrochlorlde: White, crystalline powder, 
having a slight, characteristic odor. Freely soluble in water 
and in methanol; soluble in alcohol; sparingly soluble in 
chloroform. 

Ketorolac Trometbamine: White to off-white, crystah 
linę powder. Melts between 165* and 170°, with decompo- 
sition. Freely soluble in water and in methanol; slightly solu¬ 
ble fn alcohol, in dehydrated alcohol, and in 
tetrahydrofuran; practically insoluble in acetone, in dichloro- 
methane, in toluene, In ethyl acetale, in dioxane, in hexane, 
in butyl alcohol, and in acetonitnle. 

Labetalol Hydrochlorrde: White to off-white powder. 
Melts at about 7 80°, with decomposition. Soluble in water 
and In alcohol; insoluble in ether and in chloroform. 

Alpha-lactalbumin: Free-fiowing, slightly hygroscopic 
light cream-coJored powder. Freely soluble in water; soluble 
In wide pH ranges; insoluble in methanol, in alcohol, in 
ether, and in acetone. NF category: Bullring agent; coatino 
agent; emulsifying agent; stiffening agent; suspending and/ 
or viscosity-Increasing agent; diluent; wet binder; vehicle 
(solid carrrer); pH modifier (acidifying agent/alkalizing 
agent/buffering agent); chelating and/or complexing agent. 

Lactic Acid: Colorless or yellowish, practically odorless, 
syrupy liguid. Is hygroscopic. When it is concentrated by 
boiling, lactic ada factate is formed. Speclfic gravity i$ about 
1.20. Insoluble in chloroform. Miscible with water, with ah 
cohol, and with ether. NF category: pH modifier (acidifying 
agent/alkalizing agent/buffering agent). 

Lactitol: A white or light brown, odorless crystal. Has a 
miki, sweet taste, and no aftertaste. NF category: Flavors and 
fragrance; diluent; sweetening agent. 

Lactobionic Acid: White or almost white, crystalline 
powder with a melting point of about 125* with decompo¬ 
sition, Freely soluble in water; slightly soluble In glaclal ace¬ 
tic acid, in anhydrous ethanof, and In methanol. NF cate¬ 
gory: Antioxfdant. 

Anhydrous La etos e: White or a I most white powder. 
Freely soluble in water; practically insoluble in alcohol. NF 
category: Diluent; carrler, 

Lactose Monohydrate: White, free-flowing powder. 
Freely but slowly soluble in water; practically insoluble in 
alcohol. NF category: Diluent; ca mer; wet binder. 

Lactulose Concentrate: Colorless to amber syrupy liq- 
uid, which may exhibit some precipitation and darkening 
upon standing, Mlsdble with water. 


Lamivudine: White to off-white solid. Soluble in water. 
Melts at about T 76°. 

Lamotrigine: A white to pale cream-colored powder. 
Slightly soluble in 0,1 N hydrochloric acid, in acetone, In 
methanol, and in water. 

Lanolin: Yellow, tenacious, unctuous mass, having a 
slight, characteristic odor, Freely soluble in ether and in 
chloroform; soluble In hot alcohol; sparingly soluble in cofd 
alcohol; insoluble in water, but mixes witnout separation 
with about twice its weight of water. NF category: Emulsify- 
ing agent; ointment base. 

Hydrogenated Lanolin: White or pale yellow, unctuous 
substance. Soluble in boiling dehydrated alcohol and in 
light petroleum; insoluble in water. NF category: Emulsifying 
agent; emoflient; humectant; ointment base. 

Lanolin Alcohois: Hard, waxy, amber solid, having a 
characteristic odor. Freely soluble tn chloroform, in ether, 
and In petroleum ether; slightly soluble in alcohol; Insoluble 
In water. NF category: Emulsifying agent; ointment base. 

Lansoprazole: White to brownish-white powder. Freely 
soluble tn dimethyfformamide; practically insoluble in water. 
Melts at about 166°, with decomposition. 

Latanoprost: Colorless to slightly yellow oif. Very solu¬ 
ble in acetonitnle; freely soluble in acetone, in ethanol, in 
ethyl acetate, in isopropanol, in methanol, and in octanol; 
practically insoluble in water. 

Lauric Acid: White or faintly yellow, somewhat glossy, 
crystalline solid or powder, Very soluble In alcohol, in ether, 
and in methanol; soluble in acetone; practically insoluble in 
water. NF category. Antifoaming agent; emulsifying agent; 
lubricant. 

Lauroyl Polyoxylqlycerides: Pale yellow semi-solids. 
Freely soluble in methylene chloride. DIspersible in hot 
water, NF category: Ointment base; solvenf; emulsifying 
agent; wetting and/or solubillzing agent, 

Lecithln: The consistency of both natura! grades and 
refined grades of lecithin may vary from plastic to fluid, de- 
pending upon free fatty acid and oil content, and upon the 
presence or absence of other difuents. its color varies from 
light yellow to brown, depending on the source, on crop 
variations, and on whether it is błeached or unbleached. It is 
odorless or has a characteristic, slight nut-like odor and a 
bland taste. Practically insoluble in water, but it readily 
hydrates to form emulsions. The otl-free phosphatides are 
soluble in fatty adds, but are practically insoluble In flxed 
oils. When alt phosphatide fractions are present, lecithin is 
sparingly soluble in alcohol and practically insoluble in ace¬ 
tone. NF category: Emulsifying agent; emollient, 

Leflunomide: White to almost white powder. Freely sol- 
ubfe in methanol, in alcohol, in 2-propanol, in ethyl acetate, 
in acetone, and in acetonitnle; practically insoluble in water. 

Letrozole: White to yellowish, crystalline powder. Freely 
soluble in dichloromethane; slightly soluble m alcohol; prac- 
tically insoluble In water. 

Leucme: White, practically odorless, tastdess crystals. 
Sparingly soluble in water; insoluble in ether, NF category: 
flavors and fragrance. 

Leucovorin Caldurn: Yellowish-white or yellow pow¬ 
der. Slightly soluble to freely soluble in water; practically 
insoluble in alcohol. 

Leucovorin CaJtium Injection: Clear, yellowish solu- 
tion. 

Levamlsoie Hydrochloride: White or almost white, 
crystalline powder, Freely soluble in water; soluble in alco¬ 
hol; slightly soluble in methylene chloride; practically insolu¬ 
ble in ether. 

Levetiracetam: White to almost white powder. Very 
soluble rn water; soluble in acetonitnle; practically insoluble 
in hexane. 
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Levmetamf et aminę: Clear, practically colorless liquid. 

Levobunolol Hydrochloride: White crystalline, odorless 
powder. Soluble in water and Sn methanol; slightiy soluble 
in alcohol and in chloroform. 

Levocarnitine: White crystais or crystalline powder, Hy- 
groscopic, Freeiy soluble in water, and in hot alcohol; practi- 
tally insoluble tn acetone, in ether, and in benzene, 

Levocetinzine Dihydrochloride: White to almost white 
powder. Freeiy soluble in water and in methanol. 

Levodopa: White to off-white, odorless, crystalline pow¬ 
der, In the presence of moisture, is rapidly oxtdized by at* 
mospheric oxygen and darkens. Freeiy soluble tn 3 N hydro- 
chlortc acid; slightiy soluble in water; insoluble tn alcohoL 

Levofloxacin: Light yellowish-white to yellow-whlte 
crystais or crystalline powder. Soluble in dimethylsulfoxide 
and tn acetfc acid; sparingly soluble tn water, in acetone, 
and in methanol; practically insoluble tn glycerin and in n- 
octanol 

Levonordefrin: White to buff-colored, odorless, crystal¬ 
line solid. Metts at about 210°. Freeiy soluble in aąueous 
Solutions of minera! acids; slightiy soluble in acetone, in 
chloroform, tn alcohol, and tn ether; practically insoluble m 
water, 

Levonorgestrel: White or practically white, odorless 
powder. Soluble in chloroform; slightiy soluble in alcohol; 
practically insoluble in water. 

Levorphanol Tartrate: Practically white, odorless, crys¬ 
talline powder. Sparingly soluble in water; slightiy soluble m 
alcohol; insoluble in chloroform and in ether. Melts, tn a 
sealed tubę, at about 110°, with decomposition. 

Levothyroxine Sodium: Light yellow to buff-colored, 
odorless, tasteless, hygroscopic powder. Is stabie in dry air 
but may assume a sfight pink color upon exposure to light 
The pH of a saturated solution is about 8.9, Soluble in Solu¬ 
tions of alkali hydroxides and in hot Solutions of alkali car* 
bonates; slightiy soluble in alcohol; very slightiy soluble in 
water; insoluble in acetone, in chloroform, and in ether. 

Lidocaine: White or slightiy yellow, crystalline powder, 
Has a characteristk odor and ts stabie in air. Very soluble m 
alcohol and in chloroform; freeiy soluble in benzene and in 
ether; practically insoluble In water. Dissolves tn oils. 

Lidocaine Hydrochloride: White, odorless, crystalline 
powder, having a slightiy bitter taste. Very soluble in water 
and in alcohol; soluble in chloroform; insoluble in ether. 

Limę: Hard, white or grayish-white masses or granules, 
or white or grayish white powder. Is odorless. Slightiy solu¬ 
ble in water; very slightiy soluble in botling water. 

Lineomydn Hydrochloride: White or practically white, 
crystalline powder. Is odorless or has a faint odor. Is stabie 
in the presence of air and light. Its Solutions are acid and 
dextrorotatory. Freeiy soluble in water; soluble in dimethyJ- 
formamide; very sligntly soluble in acetone. 

Lincomyctn Hydrochloride Injection: Clear, colorless to 
slightiy yellow solution, having a slight odor. 

Lincomyctn Hydrochloride Soluble Powder: White to 
off-white, or light tan free-flowing, fine powder. 

Lindane: White, crystalline powder, having a slight, 
musty odor. Freeiy soluble in chloroform; soluble tn dehy- 
drated alcohol; sparingly soluble in ether; slightiy soluble tn 
ethylene glycol; practically insoluble in water, 

Llnoleoyl Polyoxylg!ycerides: Amber, oily liąuids. May 
develop deposit after prolonged storage periods at 20°. 

Freeiy soluble in methylene chloride; practically insoluble 
but dispersible in water, NF category: Ointment base; sof* 
vent; emulstfying agent; wetting and/or solubtltzing agent. 

Liothyronine Sodium: Light tan, odorless, crystalline 
powder. Slightiy soluble in alcohol; very slightiy soluble in 
water; practically insoluble in most other organie solvents. 

Lisinopril: White, crystalline powder. Melts at about J 
160°, wltn decomposition. Solubfe in water; sparingly solu¬ 


ble in methanol; practically insoluble tn alcohol, in acetone, 
In aceton itr ile, and in chloroform. 

Lithium Carbonate: White, gra nula r, odorless powder. 
Sparingly soluble in water; very slightiy soluble in alcohol, 
Dissolves, with effervescence, tn difute minera! acids. 

Lithium Ci tratę: White, odorless, deliquescent powder 
or granules, havina a cooling, faintiy alkaltne taste. Freeiy 
soluble in water; slightiy soluble m alcohol. 

Lomustine: Yellow crystalline powder. Freeiy solubfe in 
acetone, and in methylene chloride; soluble in ethanol; 
practically insoluble in water. 

Loperamide Hydrochloride: White to slightiy yellow 
powder. Melts at about 225% with some decomposition. 
Freeiy soluble in methanol and in chloroform; slightiy solu¬ 
ble in water and in dllute acids; very slightiy soluble in iso- 
prapyl alcohol. 

Loprnavir: White powder. Freeiy soluble in methanol 
and alcohol; soluble in isopropanol; practically insoluble in 
water. 

Loratadine: White to off-white powder. Freeiy soluble 
in acetone, in chloroform, in methanol, and in tofuene; in¬ 
soluble in water. 

Lorazepam: White or practically white, practically 
odorless powder. Sparingly soluble m alcohol; slightiy solu¬ 
ble In chloroform; insoluble in water. 

Losartan Potassium: White to off-white powder. Freeiy 
soluble in water; sparingly soluble in isopropyl alcohol; 
slightiy soluble in acetonitrile. 

Lovastatin: White to off-white, crystalline powder. 

Freeiy soluble m chloroform; soluble in acetone, in acetoni- 
trile, and in methanol; sparingly soluble in alcohol; practi¬ 
cally insoluble in hexane; insoluble in water. 

Loxapine Succinate: White to yetlowish, crystalline 
powder. Is odorless. 

Lufenuron: White or pale yellow powder. Freeiy soluble 
in acetonitrile; soluble in dehydrated alcohol; practically in¬ 
soluble in water. 

Lumefantrjne: Yellow crystalline powder. Freeiy soluble 
in N,N-dimethylforrnamide, in chloroform, and in etnyl ace- 
tatę; soluble in dichioromethane; slightiy soluble in ethanol 
and in methanol; practically insoluble in water. 

Lutein: Red, crystalline powder. Soluble in ethanol, in 
ethyl acetate, and in methylene chloride; partially soluble in 
hexane. 

Łysinę Acetate: White, odorless crystais or crystalline 
powder, having an acid taste. Freeiy soluble tn water. 

Łysinę Hydrochloride: White, odorless powder. Freeiy 
soluble in water. NF category: pH modifier (addifying agent/ 
alkaltzing agent/buffering agent). 

Mafentde Acetate: White to pale yellow, crystalline 
powder. Freeiy soluble in water. 

Magaldrate: White, odorless, crystalline powder. Solu¬ 
ble In dllute Solutions of minerał acids; insoluble in water 
and tn alcohol. 

Milk of Magnesia: White, opaque, morę or less viscous 
suspension from whrch varying proportions of water usuatly 
separate on standing. pH is about 10. 

Magnesium AtuminometasMicate: White powder or 
granules with an amorphous structure. Very slightiy soluble 
in acids; practically insoluble or insoluble in water, in ałco- 
hol, and in alkalles. 

Magnesium Aluminosilicate: White powder or granules 
with an amorphous structure. Very slightiy soluble in acids; 
practically insoluble or insoluble in water, in alcohol, and in 
alkalies. 

Magnesium Alumlnum Silicate: Odorless, tasteless, fine 
(microntzed) powder, smali cream to tan granules, or smali 
flakes that are creamy when viewed on their fiat surfaces 
and tan to hrown when viewed on their edges, Insoluble in 
water and in alcohol. Swelis when added to water or glye- 
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erin. NF category: Suspending and/or viscosrty4ncreasing 
agent; disintegrant 

Magnesium Carbonate: Light, wbite, friabie masses or 
bulky, wbite powder. Is odorless, and is stable tn air. Practr- 
cally insoiuble in water to which, however, it imparts a 
slightly alkaline reaction; insoiuble in alcohol, but is dis- 
soIved by dilute acids with efferveseence. NF category: Dilu¬ 
ent 

Magnesium Chloride: Coloriess, odorless, deliguescent 
flakes or crystals, which lose water when heated to 100" 
and lose hydrochloric acid when heated to 110°. Very solu- 
ble tn water; freely soluble in alcohol 

Magnesium Citrate Orał Solution: Coloriess to slightly 
yellow, elear, effervescent liguid, having a sweet, acidufous 
taste and a lemon flavor. 

Magnesium Gluconate: Coloriess crystals or white 
powder or gran ul es. Is odorless and tasteless, Freely soluole 
in water; very slightly solubfe in alcohol; insoiuble in ether, 

Magnesium Hydroxide; Bulky, white powder. Soluble 
in dilute acids; practically insoiuble in water and in alcohol 

Magnesium Oxide: Very bulky, white powder or rela- 
tively dense, white powder or gran ula ted powder. Soluble in 
dilute acids; practically insoiuble in water; insoiuble in alco¬ 
hol NF category: Emulsifying agent; glidant and/or anticak- 
tng agent; difuent. 

Magnesium Phosphate: White, odorless, tasteless pow¬ 
der, Soluble in diluted minerał acids; practically insoiuble in 
water. 

Magnesium Salicylate: White, odorless, efflorescent, 
crystalline powder. Freely soluble in methanol; soluble in al- 
cohol and in water; slightly soluble [n ether. 

Magnesium Silieate: Fine, white, odorless, tasteless 
owder, free from grittiness. Insoiuble in water and in alco- 
ol. Is readily decomposed by minerał acids. NF category: 
Glidant and/or anticaking agent. 

Magnesium Stearate: Very fine, light, white powder, 
slippery to touch. Insoiuble in water, in alcohol, and fn 
ether. NF category: Lubricant. 

Magnesium Sulfate; Smali, coloriess crystals, usualjy 
needle-ltke, with a cooling, salinę, bitter taste. It effloresces 
in warm, dry air. Very soluble in boilfng water; freely soluble 
tn water; freely (and slowly) soluble in glycerm; sparingjy 
soluble in alcohol 

Magnesium Trisilkate: Fine, white, odorless, tasteless 
owder, free from grittiness. Insoiuble in water and in alco- 
ol. Is readily decomposed by minerał acids. NF category: 
Glidant and/or anticaking agent. 

Malathion: Clear, coloriess, or slightly yellowish liguid, 
having a charactenstk odor. Congeals at about 2.9*. Slightly 
solubfe in water. Mlscible with alcohols, with esters, with 
ketones, with ethers, with aromatic and alkylated aromatic 
hydrocarbons, and with vegetable dis. 

Małek Acid: White, crystalline powder. Freely soluble in 
water and in alcohol; sparingly soluble in ether. NF category: 
pH modifier (addifying agent/aikalizing agent/buffering 
agent). 

Malic Acid: Wbite or practically white, crystalline pow- 
der or granules, having a strongly acid taste, Melts at about 
1 30°. Very soluble in water; freely soluble in alcohol. NF 
category: pH modifier (addifying agent/aikalizing agent/ouf- 
ferlng agent); flavors and fragrance; antioxidant, chelating 
and/or complexing agent, 

Maltitol: White, crystalline powder. Very solubfe in 
water; practically insoiuble in etbanol NF category: Humec- 
tant; sweetening agent; diluent; coating agent. 

Maltodextrin: White, hygroscopic powder or granules. 
Freely sofuble or readily dispersible in water; slightly soluble 
to insoiuble in anhydrous alcohol. NF category: Coating 
agent; suspending and/or viscosity4ncreasTng agent; diluent; 
wet binder. 


Maltol: A white, crystalline powder havmg a character- 
istic caramel-butterscotch odor, suggestive of a fruity-straw- 
berry aroma in dilute solution. One g dissoJves in about 
82 mL of water, in 21 mL of alcohol, in 80 ml of glycerm, 
and in 28 mL of propylene glycol. NF category: Flavors and 
fragrance. 

Maltose: Maltose occurs in either the anhydrous State 
or as a monohydrate. 1E is a white, crystalline powder, 
odorless, and has a sweet taste. Very slightly soluble in etha- 
nol; freely soluble in water; slightly soluble in methanol; 
practically insoiuble in ether. NF category: Sweetening agent; 
diluent; disintegrant; wet binder. 

Mandelic Acid: White to light yellow powder or crystal¬ 
line solid. Soluble in alcohol, in isopropyl alcohol; sparingly 
soluble in water. NF category: Antimicrobial preservative, 

Mangafodipir Trisodium: Pale yellow crystals or cystal- 
Ime powder. Freely soluble tn water; sparingly soluble in 
methanol; slightly soluble in chloroform; very slightly soluble 
in alcohol and in acetone. 

Manganese Chloride: Large, irregular, pmk, odorless, 
translucent crystals. Soluble In water and in alcohol; insolu- 
ble in ether. 

Manganese Chloride for Orał Solution: Off-white to 
tan-colored powder with a strawberry odor. Soluble tn 
water. 

Manganese Sulfate: Pale red, slightly efflorescent erys- 
tals, or purple, odorless powder. Soluble m water; insoiuble 
tn alcohol. 

Mannitu!: White, crystalline powder or free-flowing 
granules. fs odorless and has a sweet taste. Freely solutSe in 
water; soluble in alkaline Solutions; slightly soluble in pyrr- 
dine; very slightly soluble in alcohol; practically insoiuble in 
ether. NF category: Sweetening agent; tonicity agent; bulk- 
ing agent; diluent; plasticizer, 

Maprotiline Hydrochloride: Fine, white to off-white, 
crystalline powder. Is practically odorless. Freely soluble in 
methanol and in chloroform; slightly soluble in water; prac¬ 
tically insoiuble in isooctane. 

Mazindol: White to off-white, crystalline powder, hav- 
ing not morę than a faint odor, Slightly soluble in methanol 
and in chloroform; insoiuble in water. 

Mebendazole: White to slightly yellow powder. Is al- 
most odorless. Melts at about 290". Freely soluble in formie 
acid; practically insoiuble in water, in dilute Solutions of 
minerał acids, in alcohol, in ether, and in chloroform, 

MechloreEbamine Hydrochloride: White, crystalline 
powder. Is hygroscopic. 

Medizine Hydrochloride: White or slightly yellowish, 
crystalline powder. Has a sfight odor and is tasteless. Slightly 
soluble in dilute acids and in alcohol; practically insoiuble in 
water and in ether; freely soluble in chloroform, in pyrrdine, 
and in acid-alcohoi-water mtxtures. 

Medofenamate Sodium: A white to creamy white, 
odorless to almost odorless, crystalline powder. Freely solu¬ 
ble in water, the solution sometimes being somewhat turbid 
due to partiaJ hydrolysis and absorption of carbon dioxide; 
soluble in methanol; slightly soluble in chloroform; practi¬ 
cally insoiuble in ether. The solution is elear above pH 11.5. 

Medroxyprogesterone Acetate: White to off-white, 
odorless, crystalline powder. Melts at about 205°. Is stable 
in air. Freely soluble in chloroform; soluble in acetone and 
in dioxane; sparingly soluble in alcohol and in methanol; 
slightly solubfe in ether; insoiuble in water. 

Mefenamic Acid: White to off-white, crystalline pow¬ 
der. Mefts at about 230°, with decomposition, Soluble in 
Solutions of alkali hydroxtdes; sparingly soluble rn chloro¬ 
form; slightly soluble in alcohol and in methanol; practically 
insoiuble in water. 

Mefloquine Hydrochloride: White or slightly yellow, 
crystalline powder. It exhibits polymorphism. Freely soluble 
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in methanol; soluble in alcohol; very slightly soluble m 
water. 

Megestrol Acetate: White to creamy white, tastefess 
and essentially odorless, crystalline powder. Very soluble in 
chloroform; soluble in acetone; sparingly soluble in alcohol; 
slightly soluble in ether and in fixed oifs; insoiuble in water 
ls unstable under agueous conditions at pH 7 or above. 

Meglumine: White to faintly yellowish-white, odorless 
crystals or powder. Freely soluble in water; sparingly soluble 
in alcohol. 

Melengestrol Acetate: White to light yeliow, crystalline 
powder. Freely soluble in chloroform and In ethyi acetate; 
slightly soluble in alcohol; Insoiuble in water 

Meloxicam: Pale yellow powder. Soluble in dimethyl- 
formamide; slightly soluble In acetone; very slightly soluble 
tn methanol and in alcohol; practically insoiuble in water. 

Melphalan: Off-white to buff powder, having a faint 
odor. Melts at about 180°, with decomposition. Soluble in 
dilute minera! acids; slightly soluble in alcohol and in meth¬ 
anol; practically insoiuble in water, in chloroform, and in 
ether 

Memantine Hydrochloride: White to off-white, colored 
powder. Slightly soluble in water. 

Menadiol Sodium Dlphosphate: White to pink pow* 
der, having a characteristic odor. Is hygroscopic Its Solu¬ 
tions are neutral or slightly afkatine to fitmus, havlng a pH of 
about 8. Very sofuble rn water; insoiuble in alcohol. 

Menadione: Bright yellow, crystalline, practlcalfy 
odorless powder. is affected by sunlight. Soluble in vegeta- 
ble oils; sparingly soluble in chloroform and in alcohol; prac¬ 
tically insoiuble in water. 

Menthol: Coforless, hexagonal crystals, usually needle- 
like, or in fused masses, or crystalfine powder Has a pleas- 
ant, peppermint-like odor Very soiuble in alcohol, in chloro¬ 
form, in ether, and in sofvent nexane; freely soluble in gla- 
ciał acetic acid, in minerał dii, and in fixed and votatile oils; 
slightly soluble in water, NF category: Flavors and fragrance. 

Meperidine Hydrochloride: Fine, white, crystalline, 
odorless powder The pH of a solution (1 in 20) is about 5. 
Very soluble in water; soluble in alcohol; sparingly soluble in 
ether 

fylephobarbttal: White, odorless, crystalline powder, 
havinq a bitter taste. Its saturated solution is acid to fitmus. 
Soluble in chloroform and in Solutions of fixed alkali hydrox- 
ides and carbonates; slightly soluble in water, in alcohol, 
and in ether. 

Mepwacaine Hydrochlonde: White, odorless, crystal¬ 
line solid. The pH of a solution (1 in 50) is about 4.5. Freely 
soiuble in water and in methanol; very slightly soiuble in 
chloroform; practically insoiuble in ether. 

Meprobamate: White powder, having a characteristic 
odor and a bitter taste. Freely soluble in acetone and in 
alcohol; slightly soluble in water; praclicaliy insoiuble or tn- 
solubie in ether 

Mercaptopurine: Yellow, odorless or practically 
odorless, crystalline powder Melts at a temperaturę exceed- 
ing 308~, with decomposition. Soluble In hot alcohol and in 
dilute alkali Solutions; slightly soluble in 2 N sulfuric acid; 
insoiuble in water, in acetone, and in ether. 

Ammoniated Meroiry; White, pulverufent pieces or 
white, amorphous powder. Is odorless, and is stable in air, 
but darkens on exposure to light. Readily soluble in warm 
hydrochloric, nitric, and acetic acids; insoiuble in water, and 
in alcohol. 

Meropenem: Colorless to white or light yellow crystals 
or crystalline powder. Soluble in dimethylformamide and in 
5% dibasic potassium phosphate solution; sparingly soluble 
in water and in 5% monobasic potassium pnosphate solu¬ 
tion; practically insoiuble in afcohol, in acetone, in methyl- 
ene cnloride, and in ether. 
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Mesaiamine: Light tan to pink colored, needle-shaped 
crystals. Color may darken on exposure to air. Is odorless or 
may have a slight characteristic odor. Soluble in dilute hy- 
drochlorrc acicfand in dilute alkali hydroxides; slightly solu¬ 
ble in water; very slightly soiuble in methanol, in dehy- 
drated alcohol, and in acetone; practically insoiuble in n - 
butyl alcohol, in chloroform, in ether, in ethyl acetate, in n- 
hexane, in methylene chloride, and in n-propyl alcohol. 

Mesna: White or slightly yellow crystalline powder; hy¬ 
groscopic. Freely soluble in water; slightly soluble in alcohol; 
practically insoiuble in cydohexane, 

Mesoridazine Besylate: White to pale yellowish pow¬ 
der, having not morę than a faint odor. Melts at about 
178°, with decomposition. Freely sofuble in water, in chloro¬ 
form, and in methanol. 

Mestranol: White to creamy white, odorless, crystalline 
powder. Freely soluble In chloroform; soluble in dloxane; 
sparingly soiuble In dehydrated alcohol; slightly soluble in 
methanol; insoiuble in water. 

Metaproterenof Sulfate: Wbite to off-white, crystalline 
powder. Freely soluble in water. 

Metaxalone: White to almost-white, crystalline powder. 
Freely soluble In chloroform; soluble in methanol and in al- 
cohoJ; practically insoiuble in ether and in water. 

Metforrmn Hydrochlonde: White, crystalline powder. 
Freely soluble in water; slightly soluble in alcohol; practically 
insoiuble in acetone and in methylene chloride. 

Methacholine Chloride: Colorless or white crystals, or 
white, crystalline powder. Is odorless or has a slight odor, 
and is very hygroscopic. Its Solutions are neutral to litmus, 
Very soluble in water; freely soluble in alcohol and in chloro¬ 
form. 

Methacrylic Acid Copolymer: White powder having a 
faint, characteristic odor. The polymer is soluble in diluted 
alkali, in simuiated intestinal fluid T5, and in buffer Solutions 
of pH 7 and above. The solubility between pH 5.5 and pH 7 
depends on the content of methacrylic acid units in the 
copolymer. The polymer is freely soluble to soluble in meth¬ 
anol, in alcohol, in isopropyl alcohol, and in acetone, each 
of which contains not less than 3% of water; insoiuble in 
water, in diluted acids, in simuiated gastric fluid TS, and in 
buffer Solutions of up to pH 5. NF category: Coating agent; 
wet binder; film-formlng agent; diluent 


Change to read 

-‘‘Methacrylic Acid and Ethyl Acrylate Copolymer 
Dispersion*N/jj (Title f° r thi* monograph as Methacrylic 
Acid Copolymer Disperstan—not to change until May T, 
2017): Milky-white liguid of Iow vi$cosity. It is miscible 
with water in any proportion; the milky-white appearance rs 
retained. A elear or slightly opalescent, viscous solution is 
obtained on mixlng one part with Nve parts of acetone, al¬ 
cohol, or iso propyl alcohol; the polymer substance Is flrst 
precipitated, but then dissolves in the excess organie sol- 
vent. A elear or slightly opalescent, viscous solution is ob¬ 
tained on mixmg one part with two parts of 1 N sodium 
hydroxlde. NF category: Coating agent; film-formmg agent; 
diluent; wet binder. 

Methacrylic Acid and Ethyl Acrylate Copolymer: 

White powder having a faint, characteristic odor. Soluble to 
freely soluble in methanol, in alcohol, in isopropyf afcohof, 
and in acetone, each of which contains not less than 3% of 
water; soluble in diluted alkali, in simuiated intestinal fluid 
TS, and in buffer Solutions of pH 7 and above; insoiuble in 
water, in diluted acids, in simuiated gastric fluid TS, and in 
buffer Solutions of up to pH 5. The solubility between pH 
5.5 and pH 7 depends on the content of methacrylic acid 
units in the copolymer. NF category: Coating agent; fllm- 
formlng agent. 

Partialiy-Neutralized Methacrylic Acid and Ethyl 
Acrylate Copolymer: White or aimost white, free-flowing 
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powder. Freely soluble In alcohol, tn methanol, and in a 
40 g/L solutłon of sodium hydroxide; soluble in Solutions at 
pH values above pH 5.5 under salt formation; practically 
insoiuble in ethyl acetate and in addic aqueous Solutions. 

NF cotegory: Coating agent; film-forming agent 

Methacrylic Add and Methyl Methacryiate Copolymer: 
White powder havinq a faint, characteristic odor* Soluble to 
freely soluble in methanol, in alcohol, in isopropyl alcohol, 
and in acetone, each of which contains not less than 3% of 
water; soluble in diluted alkali, in simulated intestinaf fluid 
TS, and in buffer Solutions of pH 7 and above; insoiuble in 
water, in diluted acids, in simulated gastric fluid TS, and in 
buffer Solutions of up to pH 5* The sol ubił i ty between pH 
5*5 and pH 7 depends on the content of methacrylic add 
units in the copolymer* NF cotegory: Coating agent; film- 
forming agent. 

Methacydine Hydrochloride: Yellow to dark yellow, 
crystalline powder* Soluble in water. 

Methadone Hydrochloride: Colorless crystals or white, 
crystalline, odorless powder* Freely soluble in alcohol and in 
chloroform; soluble in water; practically insoiuble In ether 
and in glycerin. 

Methadone Hydrochloride Orał Concentrate: Clear to 
slightly hazy, syropy liguid* 

Methamphetamine Hydrochloride: White crystals or 
white, crystalline powder* Is odorless or practically so. Ib 
Solutions have a pH of about 6. Freely soluble in water, in 
alcohol, and in chloroform; very slightly soluble in absolute 
ether. 

Methazolamide: White or faintly yellow, crystalline 
powder havtng a slight odor. Melts at about 213°* Solubie 
En di methy Iformamide; slightly soluble in acetone; very 
slightly soluble in water and in alcohol. 

Methdilazine Hydrochloride: Light tan, crystalline 
powder, having a slight, characteristic odor, Freely soluble in 
water, tn alcohol, and in chloroform, 

Methenamine: Colorless, lustrous crystals or white, 
crystalline powder* Is practically odorless, When broughl 
into contact with frre, it readily ignites, burning with a 
smokeless flame. It subllmes at aoout 260°, without melting* 
Its Solutions are alkaline to litmus, Freely solubie m water; 
soluble in alcohol and in chloroform, 

Methenamine Mandelate: White, crystalline powder. 
Has a sour taste and is practically odorless* Its Solutions have 
a pH of about 4. Melts at about 127°, with decomposition. 
Very soluble in water; soluble in alcohol and in chloroform; 
slightly soluble in ether* 

Methimazole: White to pale buff, crystalline powder, 
having a faint, characteristic odor Its Solutions are praeti- 
cally neutral to litmus, Freely soluble in water, in alcohol, 
and in chloroform; slightly soluble in ether* 

Methionine: White crystals, havinq a characteristic odor 
and taste. Soluble in water, in wanm dilute alcohol, and in 
dilute minerał acids; insoiuble In ether, in absolute alcohol, 
in benzene, and in acetone (l-form). NF cotegory: Flavors 
and fragrance; pH modifier (addifying agent/afkalizing 
agent/buffering agent); antiox*dant. 

Methocarbamol: White powder, odorless, or havtng a 
slight characteristic odor. Melts at about 94 c , or, if previ- 
ously ground to a fine powder, melts at about 90*. Soluble 
in alcohol onty with heating; sparingly soluble in water and 
in chloroform; insoiuble in benzene and in n-hexane. 

Methohexital: White to faintly yellowish-white, crystal¬ 
line, odorless powder. Slightly soluble in alcohol, in chloro¬ 
form, and in dilute alkalies; very slightly soluble in watę** 

Methohexital Sodtum for Injection: White to off- 
white, hygroscopic powder. Is essentially odorless* 

Methotrexate: Orange-brown, or yellow, crystalline 
powder* Freely soluble In dilute Solutions of alkali hydroxides 
and carbonates; slightly soluble In ó N hydrochloric add; 


practically insoiuble in water, in alcohol, in chloroform, and 
m ether. 

Methotrimeprazine: Fine, white, practically odorless, 
crystalline powder. Melts at about 126°. Freely soluble in 
chloroform, in ether, and in boiling alcohol; sparingly solu- 
bfe in methanof and in alcohol at 25*; practically insoiuble 
in water. 

Methoxsalen: White to cream-colo red, fluffy, needle- 
like crystals* Is odorless. Freely soluble in chloroform; soluble 
In boiling alcohol, in acetone, in acetic acicl, in propylene 
glycol, and in benzene; sparingly soluble in boiling water 
and in ether; practically insoiuble in water. 

Methoxsa!en Topical Solution: Clear, colorless liqutd* 

Methoxyflurane: Clear, practically colorless, mobile łiq- 
uid, havinq a characteristic odor* Boils at about 105 ri . Misci- 
ble with alcohol, with acetone, with chloroform, with ether, 
and with fixed oils* 

Methsuxrmide: White to graytsh white, crystalline pow¬ 
der, Is odorless, or has not morę than a slight odor. Yery 
soluble in chloroform; freely soluble in alcohol and in ether; 
slightly soluble in hot water, 

Methydothiazide: White or practically white, crystalline 
powder. Is odorless, or has a slight odor. Freely soluble in 
acetone and in pyridtne; sparingly soluble in methanol; 
slightly soluble in alcohol; very slightly soluble in water, in 
chloroform, and in benzene, 

Methyl Alcohol: Clear, colorless liauld, havlng a charac¬ 
teristic odor. Is flammable. Miscible with water, with alco¬ 
hol, with ether, with benzene, and with most other organie 
solvents. NF cotegory: 5olvent. 

Methyl Benzylidene Camphor; A white, fine crystalline 
powder. Very soluble in chloroform; freely soluble in alcohol; 
practically insoiuble in water* 

Methyl Isobutyl Ket one: Transparent, colorless, mobile, 
yolatile liguid, having a faint ketonie and camphoraceous 
odor, Slightly soluble in water. Miscible with alcohol, with 
ether, and with benzene. NF cotegory: Alcohol de na tu rant; 
solvent* 

Methyl Salicyfate: Colorless, yellowish, or reddish lig- 
uid, having the characteristic odor and taste of wintergreen* 
it boils between 219° and 224°, with some decomposition* 
Soluble in alcohol and in glacial acetic acid; slightly soluble 
In water* NF cotegory: Flavors and fragrance. 

Methyibenzethonium Chlorlde: White, hygroscopic 
crystals, naving a mllcl odor, Its Solutions are neutral oi 
slightly alkaline to litmus. Very soluble in water, in alcohol, 
and in ether; practically insoiuble in chloroform. 

MethyIcellutose: White, flbrous powder or granules. Its 
aqueous suspensions are neutral to litmus. It swells in water 
and produces a elear to opalestent, viscous, colloidai sus- 
penslon. Soluble In glacial acetic add and in a mixture of 
equal votumes of alcohol and chloroform; insoiuble in alco¬ 
hol, In ether, and In chloroform. NF cotegory: Coating 
agent; suspendrng and/or viscosity-increastng agent; wet 
binder; emulsifying agent; film-forming agent; dlsintegrant* 

Methyldopa: White to yellowish-white, odorless, fine 
powder, which may contain friable lumps. Very soluble in 
3 N hydrochloric acid; sparingly soluble in water; slightly 
soluble in alcohol; practically insoiuble in ether* 

Methyldopa te Hydrochloride: White or practically 
white, odorless or practically odorless, crystalline powder. 
Freely soluble in water, in alcohol, and in methanol; slightly 
soluble In chloroform; practically insoiuble In ether. 


C hangę to read: 

Methylene Blue: Dark green A or b\ue*wno crystals or 
crystalline powder havlng a bronze-like luster. Is odorless or 
practically so, and is stable in air. Its Solutions in water and 
in alcohol are deep blue in color* ^ŚlightlyAiA soluble in 
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wat er and a awmo in alcohol. NF category: Free radical scav- 
engen 

Methylene ChJoride; Clear, colorless, mobile liquid, 
having an odor resem bitnej that of chloroform. Misdble willi 
alcohol, willi ether, and with ftxed and yolatile ails. NF cate¬ 
gory; Solvent. 

Methyfergonovine Maleate: White to pinkish-tan, mi* 
trocrystaflrne powder. Is odorless. Slightly soluble in water 
and in alcohol; very slightly soluble in chloroform and in 
ether, 

Methylparaben: White, crystalline powder or colorless 
crystals. Freely soluble in alcohol and in methanoi; slightly 
soluble in water, NF category: Antlmicrobial preservative. 

Methylparaben Sodium: White, hygroscopic powder, 
Freely soluble in water; sparingly soluble in alcohol; insolu- 
ble in fixed oils. NF category: Antimkrobial preservative, 

Metbylphenidate Hydrochloride: White, odorless, fme, 
crystalline powder. ]ts Solutions are acid to litmus. Freely 
soluble in water and in methanoi; soluble in alcohol; slightly 
soluble in chloroform and in acetone. 

Methylprednisolone: White to practkally white, 
odorless, crystalline powder. Melts at about 240°, with some 
decomposition (see Meiting Rangę or Temperaturę (741)), 
Sparingly soluble in alcohol, in aioxane, and in methanoi; 
slightly soluble in acetone and in chloroform; very slightly 
soluble in ether; practkally insoluble in water, 

Methylprednisolone Acetate: White or practically 
white, odorless, crystalline powder Melts at about 225 u , 
with some decomposition (see Meiting Rangę or Temperaturę 
(741)), Soluble in dioxane; sparingly soluble in acetone, in 
alcohol, in chloroform, and in methanoi; slightly soluble in 
ether; practically insoluble In water. 

Methylprednisolone Hemisuccinate: White or nearly 
white, odorless or nearly odorless, hygroscopic solid, Freely 
soluble in alcohol; soluble in acetone; very slightly soluble in 
water, 

Methylprednisolone Sodium Succinate; White or 
nearly white, odorless, hygroscopic, amorphous solid. Very 
soluble in water and in alcohol; very slightly soluble in ace¬ 
tone; insoluble in chloroform, 

Methylpyrrolidone: A elear, colorless to very slightly 
yellow liquid, Misdble with water and with most organie 
solvents indudfng alcohol, ketones, and aromatic and chlo- 
rinated hydrocarBons. Boiling point: about 202°, Refractive 
lndex: about 1.469. NF category: Solvent. 

Methylsulfonylmethane: White powder or flake crystal. 
Melts at about 109°. Freely soluble in water, in methanoi, in 
alcohol, and in acetone; sparingly soluble in ether. 

Methylłestosterone: White or creamy white crystals or 
crystalline powder, Is odorless and is stable in air, but is 
slightly hygroscopic. Is affected by light, Soluble Sn alcohol, 
in methanoi, In ether, and in other organie solvents; spar- 
ingiy soluble in vegetable oils; practically insoluble in water. 

Methysergide Maleate: White to yetlowish-white or 
reddish-white, crystalline powder. Is odorless or has not 
morę than a slignt odor, Slightly soluble in water and in 
alcohol; very slightly soluble in chloroform; practically insol¬ 
uble in ether. 

Metoclopramide Hydrochloride: White or practkally 
white, crystalline, odorless or practically odorless powder, 
Very soluble in water; freely soluble in alcohol; sparingly sol¬ 
uble in chloroform; practically insoluble in ether, 

Metoprolol Succinate: White to off-white powder. 

Freely soluble in water; soluble in methanoi; sparingly solu¬ 
ble in alcohol; slightly soluble in isopropyl alcohol. 

Metoprolol Tartrate: White, crystalline powder. Very 
soluble in water; freely soluble in methylene chloride, in 
chloroform, and in alcohol; slightly soluble in acetone; insol¬ 
uble in ether. 

Metronidazole; White to pale yeflow, odorless crystals 
or crystalline powder. Is stable in air, but darkens on expo- 


sure to light. Soiuble in difute hydrochloric add (1 in 2); 
sparingly soluble in water and in alcohol; slightly soluble In 
ether and in chloroform, 

Metronidazole Benzoate: White to slightly yellow, 
crystalline powder. Freely soluble in methylene cnloride; sol¬ 
uble in acetone; slightly soluble in aicohof; very slightly solu¬ 
ble in ethyl ether; practically insoluble in water. 

Metyrapone: White to light amber, fine, crystalline 
powder, havinq a characteristtc odor. Darkens on exposure 
lo light. Soluble in methanoi and in chloroform; sparingly 
soluble in water. It forms water-soluble salts with acids. 

Mexlfetine Hydrochloride: White powder. Freely solu¬ 
ble in dehydratea alcohol and in water; slightly soluble in 
acetonitrile; practkally insoluble in ether. Optically inactive 
(1 in 20 solution in water), 

Mezfociliin Sodium: White to pale yellow, crystalline 
powder. Freeiy soluble in water. 

Mrbolerone: White to off-white powder, Slightly solu¬ 
ble in chloroform, in dioxane, and in methylene chloride; 
practically insoluble in water (0.0454 mg per ml at 37°), 

Miconazole: White to pale cream powder. Melts in the 
rangę of 78° to 88°. May exhrbit poiymorphism. Freeiy solu¬ 
ble in alcohol, in methanoi, in isopropyl alcohol, in acetone, 
in propylene glycol, in chloroform, and in dimethylforma- 
mide; soluble in ether; insoluble in water. 

Mkonazole Nltrate: White or practically white, crystal¬ 
line powder, having not morę than a sfight odor. Melts in 
the rangę of 178° to 183°, with decomposition. Freely solu¬ 
ble in dimethyl sulfoxide; soluble in dimethylformamide; 
sparingly soluble in methanoi; slightly soluble In alcohol, in 
chloroform, and in propylene glycol; very slightly soluble in 
water and in isopropyl alcohol; insoluble in ether. 

Midazolam: White or yellowish powder. The hydrochlo¬ 
ride salt of midazolam is soluble in aqueous Solutions. Insol¬ 
uble in water 

Midodrine Hydrochloride: White crystalline powder. 
Soluble in water; sparingly soluble in methanoi. 

Milrinone: White to tan, crystalline solid. Is hygro* 
scopic. Freely soluble in dimethyl sulfoxide; very slightly sol¬ 
uble in methanoi; practically insoluble in water ano in chlo¬ 
roform. 

Minera! Oil: Colorless, transparent, oily liquid, free or 
practically free from fluorescence. Is odortess and tasteless 
when cola, and develops not morę than a farnt odor of 
Petroleum when heated. Soluble in yolatile oils; insoluble in 
water and in alcohol, Misdble with most fixed oils but not 
with castor oil NF category: $olvent; vehicie (oleaginous); 
emollient. 

Light Minerał Oil: Colorless, transparent, oily !iquid, 
free, or practically free, from fluorescence. Is odortess and 
tasteless when cold, and deveiops not morę than a faint 
odor of petroleum when heated. Soluble in volatile oils; in¬ 
soluble in water and in alcohol. Misdble with most fixed 
oils, but not with castor oil. NF category; Vehicle (oleagi¬ 
nous); lubricant; emollient; solvent. 

Minocycline Hydrochloride: Yellow, crystalline powder. 
Soluble rn Solutions of alkali hydroxides and carbonates; 
sparingly soluble in water; slightly soluble in alcohol; practi¬ 
cally insoluble in chloroform and in ether, 

Minoxidil: White to off-white, crystalline powder, Melts 
in the approximate rangę of between 248^ and 268°, with 
decomposition. Soluble in alcohol and En propylene glycol; 
sparingly soluble in methanoi; slightly soiuble in water; prac¬ 
tically insoluble in chloroform, in acetone, in ethyl acetate, 
and in hexane. 

Mrrtazapine: White to creamy white, crystalline pow¬ 
der. Freeiy soluble in methanoi and in toluene; soluble in 
ethyl ether; sparingly soluble in n-hexane; practically insolu¬ 
ble in water. 

Misoprostol: Gear, colorless or light yellow viscous fiq- 
uld, Very slightly soluble in water. 
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Mitomycin: Blue-viofet, crystalline powder. Sofubie In 
acetone, in methanol, in butyl acetate, and in cydohexa- 
none; slightly soluble in watei\ 

Mitotane: White, crystalline powder, having a slight, ar- 
omatic odor. Soluble in alcohol, in ether, in $olvent hexane, 
and in fixed oils and fats; practically insoluble in water. 

Mitoxantrone Hydrochloride: Dark blue powder, Spar¬ 
ingly soluble in water; slightly soluble in methanol; praco- 
caTly insoluble in acetone, in aceton itrśle, and in chloroform. 

Modafintl; White to off-white, crystalline powder. Spar- 
ingly soluble in methanol; slightly soluble in absolute alco- 
hol; very slightly soluble in water, 

MoexipriI Hydrochloride: White to off-white powder. 
Soluble in water, in alcohol, and in methanol* 

Mometasone Furoate: White to off-white powder. 

Meits at about 220% with decomposition. Soluble in ace¬ 
tone and in methylene chloride. 

Monensln Sodium: Off-white to tan, crystalline pow¬ 
der. Soluble In chloroform and in methanol; slightly soluble 
in water; practically insoluble in solvent hexane. 

Mono- and D r-g tyce ri des: Vary in consistency from yel- 
Iow liąuids, througn ivory-co[ored plastics, to ivory white- 
colored solids (bead or flake forms). Soluble in alcohol, in 
ethyl acetate, in chloroform, and in other chlorinated hydro- 
carbons; insoluble in water, NF category: Emulsifying agent. 

Monobenzone Ointment: Dispersible with, but not sol- 
ubie in, water, 

Monoethanolamine: Clear, colorless, moderately vis- 
cous liquid, having a distinctly ammoniaeal odor Miscible 
with water, with acetone, with alcohol, with glycerin, and 
with chloroform. Immisdble with ether, with 5olvent hex- 
ane, and with fixed oils, although it dtssolves many essential 
oils. NF category: Emulsifying agent; pH modifier (acidifying 
agent/afkalizing agent/buffering agent). 

Monogiycerrde Citrate: Soft white to ivory-colored, 
waxy solid with a lard-like consistency and bland odor. Dis- 
ersible in most common fat solvents and in alcohol, Insolu- 
le in water 

Monosodium Glutamate: White, practically odorless, 
free-flowing crystals or crystalline powder Freely soiuble in 
water; sparingly soluble in alcohol. May have either a 
slightly sweet or a slightly salty taste. NF category: Flavors 
and fragrance; pH modifier (acidifying agent/alkalizing 
agent/buffering agent). 

Monothioglycerol: Colorless or pale yellow, viscous !iq- 
uid, having a slight sulfidic odor Is hyarostopic. Freely solu- 
ble in water; insolubie in ether Miscible with alcohol. NF 
category: Antioxidant; antimicrobfai preservative. 

Montelukast Sodium: White or aImost white, hygro- 
scoplc powder Freely soluble to very soluble in alconol; 
freely soluble in water and in methylene chloride, 

Morantel Tartrate: A white or pale yellow, crystalline 
powder Very soluble in water and in alcohol; practically in¬ 
solubie in ethyl acetate. 

Morrcizine Hydrochloride: White to off-white, crystal¬ 
line powder Meits at about 189°, with decomposition, Sol¬ 
uble in water and in alcohol. 

Morphine Sulfate: Wbite, feathery, silky crystals, cubi- 
cal mass es of crystals, or white, crystalline powder. Is 
odorless, and wnen exposed to air it gradualiy loses water of 
hydration. Darkens on prolonged exposure to light. Freely 
soluble in hot water; soluble in water; slightly soluble in 
alcohol but morę so In hot alcohol; insoluble in chloroform 
and in ether. 

Moxidectin: White to pale yellow powder. Very soluble 
in alcohol; slightly soluble in hexane; practically insoluble in 
water. 

Moxifloxatin Hydrochloride: Slightly yellow to yellcw 
powder or crystals. Soluble in 0.1 IN sodium hydroxide; 
sparingly soluble in water and In methanol; slightly soluble 
in 0.1 N hydrochloric acid, in dimethylformamide, and in 


alcohol; practically insoluble in methylene chloride, in ace¬ 
tone, in ethyl acetate, and in toluene; insoluble in ferf-butyl 
methyl ether and n-heptane. 

Mumps Skin Test Antigen: Slightly turbid liquid. 

Mumps Virus Vaccine Live: Solid havlng the character- 
istic appearance of substances drled from the frożen State. 
The Vaccine is to be constituted with a suitable diluent just 
prior to use. Constituted vaccine undergoes loss of potency 
on exposure to sunlight. 

Mupirodn: White to off-white, crystalline solid, Freely 
soluble in acetone, in chloroform, in dehydrated alcohol, 
and in methanol; slightly soluble in ether; very slightly solu¬ 
ble in water. 

Mycophenolate Mofetil: White or almost white, crys¬ 
talline powder. Its melting rangę is between 94° and 98°. 
Freely soluble in acetone; soluble in methanol; sparingly sol¬ 
uble in dehydrated alcohol; slightly soluble in water. 

Mycophenolate Sodium: White to off-white crystalline 
powder. Slightly soluble in water; practically insoluble in 0.1 
N hydrochloric acid, 

Myristic Acid: Hard, white or faintly yellow, somewhat 
lossy, crystalline solid or white or yellow-white powder. 
oluble in alcohol, in chloroform, and in ether; practically 
insoluble in water. NF category: Antifoaming agent; emulsify- 
Ing agent; lubricanL 

Nabumetone: A white, or almost white, crystalline 
owder. Freely soluble in acetone; sparingly soluble in aleo- 
ol and in methanol; practically insoluble in water. 

Nadolol: White to off-white, practically odorless, crystal¬ 
line powder. Freely soluble in alcohol and in methanol; solu¬ 
ble in water at pH 2; slightly soluble In chloroform, In meth¬ 
ylene chloride, m isopropyi alcohol, and in water (between 
pH 7 and pH 10); insoluble in acetone, in benzene, in ether, 
in hexane, and in trichloroethane. 

Nafdllin Sodium: White to yelfowish-white powder, 
having not morę than a slight characteristic odor. Freely sol- 
uble in water and in chloroform; soluble in alcohol. 

Nalidixic Acid: White to very pale yellow, odorless, 
crystalline powder. Soluble In chloroform, in methylene 
chloride, and in Solutions of fixed a łkali hydroxides and car- 
bonates; slightly soluble in acetone, in alcohoJ, in methanol, 
and in toluene; very slightly soluble in ether and in water. 

Na!oxone Hydrochloride: White to slightly off-white 
powder. Its aqueous solution is acidic. Soluble in water, in 
dllute adds, and In strona alkdli; slightly soluble in alcohol; 
practically insoluble in ether and in chloroform. 

Nafoxone Hydrochloride Injection: Clear, colorless Iiq- 
uid. 

Nandrofone Decanoate: Fine, white to creamy white, 
crystalline powder, Is odorless, or may have a slight odor. 
Soluble in chloroform, in alcohol, in acetone, and In vegeta- 
ble oils; practically insoluble in water. 

Naphazofine Hydrochloride: White, crystalline powder. 
Freely soluble in water; soluble in alcohof. 

Naproxen: White to off-white, practically odorless, crys¬ 
talline powder. Soluble in chloroform, in dehydrated alco¬ 
hol, and In alcohol; sparingly soluble in ether; practically 
insoluble in water. 

Napraxen Sodium; White to creamy crystalline pow¬ 
der* Soiuble in water and in methanol; sparingly soluble in 
alcohol; verv slightly soluble in acetone; and practically in¬ 
solubie in chloroform and in toluene. Meits at about 255°, 
with decomposition. 

Narasin; White to off-white, crystalline powder. Meits 
at about 217°, with decomposition. Soluble in methanol 
and in water. 

Naratnptan Hydrochloride: White to pale yellow solid. 
Soluble tn water, 

Natamycrn: Off-white to cream-colored powder, which 
may eon ta In up to 3 moles of water. Soluble En gladal ace- 
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tic acid and in dimethylformamide; slightly solubfe m meEh- 
anol; practically insolubfe in water. 

Nateglinide; White powder. Freely soluble in methanol 
and in akohol; soluble in ether; sparingly soluble in acetoni- 
trrle and in octanol; practically insoluble in water. 

Nefazodone Hydrochloride: Nonhygroscopic, white 
powder, Freely soluble in chloroform; soluble in propylene 
glycol; slightly soluble in polyethylene glycol and in water* 

Neomydn Sulfate: White to slightly yellow powder, or 
cryodesiccated solid* Is odorless or practically so and is hy- 
grostopic, Its Solutions are dextrorotatory. Freely solubie In 
water; very slightly soluble in alcohol; Insoluble in acetone, 
in chloroform, and in ether. 

Netilmicin Sulfate: White to pale yellowish-white pow¬ 
der* Freely soluble in water; practically insolubfe in dehy- 
drated alcohol and in ether. 

Nevirapine: White to off-whitą odorless to nearly 
odorless, crystalline powder* Slightly soluble in alcohol and 
in methanol; practically insoluble in water Hydrous form 
also slightly soluble in propylene glycol. 

Niacin: White crystals or crystalline powder, is odorless, 
or has a slight odor, Melts at about 235°* Freely soluble in 
boiling water, in boiling alcohol, and In Solutions of alkalt 
hydroxides and carbonates; sparingly soluble in water; prac¬ 
tically insoluble in ether. 

Niacinamide: White, crystalline powder. Is odorless or 
practically so, and has a brtter laste. Its Solutions are neutral 
to iitmus* Freely soluble in water and in alcohol; soluble in 
gfycerrn. 

Nifedipine: Yellow powder. Is affected by exposure to 
light. Freely soluble in acetone; practically insoluble in 
water* 

Nimodipine: Light yellow or yellow, crystalline powder, 
affected by light. Freely solubJe in ethyl acetate; sparingly 
soluble in alcohol; practically insoluble in water* Exhibits 
pofymorphism* 

Nłtric Acid: Highly corrosive fuming iiguid, having a 
characteristic, highly Irritating odor. Stains ani mai tissues 
yellow* Soils at aboul 120 p * Specific gravity is about 1*41. 

NF category: pH modifier (acidifying agent/afkalizlng agent/ 
buffering agent). 

Nltrofurantoin: Lemon-yellow, odorless crystals or fine 
powder* Has a bitter aftertaste. Soluble in dimethylforma- 
mlde; very slightly soluble in water and in alcohol. 

Nitrofurazone: Lemon yellow, odorless, crystalline 
powder. Darkens slowly on exposure to light. Melts at about 
23ó fJ , wlth decomposition. Soluble in dimethylformamide; 
slightly soluble In propylene glycol and in polyethylene gly- 
coT mixtures; very slightly soluble in alcohol and in water; 
practically insoluble in chloroform and in ether. 

Nitrofurazone Ointment: Yellow, opague, and water- 
misdble, and has ointment-like consistency. 

Nitrofurazone Toplcal Solution: Light yellow, elear, 
somewhat viscous liquid, having a faint characteristic odor. 
Miscible wlth water. 

Nitrogen: Colorless, odorless, tasteless gas. Is nonflam- 
mable and does not support combustion* One L at 0* and 
at a pressure of 760 mm of mercury weighs about 1.251 g. 
One volume dissolves in about 65 volumes of water and in 
about 9 volumes of alcohol at 20 5 and at a pressure of 
760 mm of mercury* NF category: Air dispfacement; propel- 
lant 

Drluted Nitroglycerin: When diluted with lactose, ft is 
a white, odorless powder. When diluted with propylene gly¬ 
col or alcohol, it is a elear, colorless, or pale yellow Jiquid* 
[Notę—U ndiluted nitroglycerin occurs as a white to pale yel- 
Jow, thiclc, flammable, expfosive lig u id.] Undiluted nitroalyc- 
erln is soluble in methanol, in alcohol, in carbon disulfide, in 
acetone, in ethyl ether, in ethyl acetate, m glacial acetic 
acid, in benzene, in toluene, in nitrobenzene, in phenol, in 


chloroform, and In methyfene chioride; slightly soluble in 
water* 

Nitromersol: Brownish yellow to yellow granules or 
brownish yellow to yellow powder, Is odorless and tasteless 
and is affected by light. Soluble rn Solutions of aikalies and 
of ammonia by opentng of the anhydride ring and the for- 
mation of a salt; very sfightly soluble rn water, rn alcohol, in 
acetone, and in ether. 

Nitromersol Toplcal Solution: Clear, reddish-orange 
solution. Is affected by light, 

Nitrous Oxide: Colorless gas, without appreciable odor 
or taste. One l at 0 S and at a pressure of 760 mm of mer¬ 
cury weighs about 1*97 g* One volume dlssolves in about 
1.4 volumes of water at 20° and at a pressure of 760 mm of 
mercury, Freely soluble in alcohol; soluble in ether and in 
ofls. NF category: Propelfant. 

Nizatidlne: Off-whlte to buff crystalline solid. Freely soi- 
uble in chloroform; soluble in methanol; sparingly soluble in 
water* 

Nonoxynol 9: Clear, colorless to light yellow, viscous 
lrquid, Soluble in water, in alcohol, andin corn oil. NF cate¬ 
gory: Wetting and/or solubilizmg agent 

Norepinephrme Bitartrate: White or faintly gray, 
odorless, crystalline powder. Slowly darkens on exposure to 
air and light Its Solutions are acid to Iitmus, having a pH of 
about 3.5. Freely soluble in water; sfightly soluble in alcohol; 
practically insoluble rn chloroform and in ether. Melts be- 
tween 98° and 104°, without previous drying of the sped- 
men, the melt betng turbid. 

Norepinephrine Bitartrate Injection: Colorless or prac¬ 
tically colorless Wąutó, gradually turning dark on exposure to 
air and light. 

Norethrndrone: White to creamy white, odorless, erys- 
talline powder. Is stabte in air. Soluble in chloroform and in 
dioxane; sparingly soluble rn alcohol; slightly soluble in 
ether; practically insoluble in water. 

Norethindrone Acetate: White to creamy white, 
odorless, crystalline powder. Very soluble in chloroform; 
freely soluble in dioxane; soluble in ether and in aJtohol; 
practically insoluble in water. 

Norfloxacin: White to pale yellow, crystalline powder* 
Sensitive to light and molsture, Freely soluble in acetic acid; 
sparingly soluble in chloroform; slightly soluble in acetone, 
in water, and in alcohol; very slightly soluble rn methanol 
and in ethyl acetate; insoluble in ether. 

Norgestimate: White to pale yellow powder. Very to 
freely soluble in methyfene chioride; sparingly soluble in ac- 
etonitrile; insoluble in water, 

Norgestrel: White or practically white, practically 
odorless, crystalline powder, Freely soluble in chloroform; 
sparingly soluble in akohol; insoluble in water. 

Norelgestrormn: White to off-whrte powder. Freely sol¬ 
uble in acetone, in ethanol, in methanol, and in dimethyl¬ 
formamide; sparingly soluble in methyfene chioride and in 
iso-propanol; slightly soluble in acetonitrile; practically insoJ- 
uble in water. 

Nortriptyline Hydroehlonde: White to off-white pow¬ 
der, having a slight, characteristic odor* Its solution (1 in 
100) has a pH oi about 5. Solubfe in water and in chloro¬ 
form; sparingly soluble in methanol; practically insoluble in 
ether, in benzene, and in most other organie soJvents. 

Noscapine: Fine, white or practically white, crystalline 
powder. Freely soluble in chloroform; soluble in acetone; 
slightly soluble in alcohol and in ether; practically insoluble 
in water, 

Novobiocin Calciutn: White or yellowish-white, 
odorless, crystalline powder* Freely solubfe in alcohol and in 
methanol; sparingly soluble in acetone and in butyl acetate; 
slightly soluble in water and in ether; very slightly soluble in 
chloroform. 
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Novobiocin Sodium: White or yellowish-white, 
odorless, hygroscopic, crystalline powder. Freely soluble in 
water, in afcohol, in mętna noi, in glycerin, and in propylene 
glycol; sfightly soluble in butyl acetate; practically insoluble 
in acetone, in chloroform, and in ether. 

Nystatln: Yellow to light tan powder. Is hygroscopic, 
and is affected by long expo$ure to light, heat, and air. 
Freely soluble in dimethyiformamide and in dimethyl suhox- 
ide; verv slightly soluble in methanol; practically insoluble or 
insoluble in water, in alcohoi, in n-propyl alcohoi, In n-blltyl 
alcohoi in chloroform, and in ether. 

Octoxynol 9: Clear, pale yellow, viscous liquid, having 
a faint odor and a bitter taste. Soluble in benzene and in 
toluene; practically insoluble in solvent hexane. Miscible 
with water, with alcohoi, and with acetone, NF category: 
Wetting and/or sofubillzing agent, 

Octyldodecanol: Clear water-white, free-flowing llquld* 
Soluble in alcohoi and in ether; insoluble in water, NF cote- 
goiy: Vehide (oleaginous); emoilient; emulsifying agent. 

Octyl Methoxycinnamate: Pale yellow oif. Insoluble in 
water. 

Offoxadn: Pale yellowish-white to light yellowrsh-white 
crystals or crystalline powder Sparingly soluble in chloro¬ 
form; slightly soluble in alcohoi, in methanol, and in water. 

Hydrophilic Ointment: NF category: Ointment base. 

White Ointment: NF category: Ointment base. 

Yellow Ointment: NF category: Ointment base. 

OlanzapJne: A yellow crystalline solid. Soluble in n- 
propanol; sparingly soluble in acetonitrlle; slightly soluble in 
methanol and in dehydrated alcohoi; practically insoluble in 
water. 

Oleić Add: Colorless to pale yeilow, oily liquid when 
freshly prepared, but on exposure to alr it gradually absorbs 
oxygen and darkens. Has a characteristic, lard-like odor and 
taste. When strongly heated in air, it is decomposed with 
the production of acrid vapors. Practically insoluble In water. 
Miscible with alcohoi, with chloroform, with ether, with 
benzene, and with fixed and volatile oils, NF category: Emul¬ 
sifying agent, 

Oleovttamin A and D: Yellow to red, oily liguid, practi¬ 
cally odorless or having a fish-lrke odor, and naving no ran- 
cid odor or taste. Is a elear liquid at temperatures exceeding 
65°, and may crystallize on cooling. Is unstable in air and in 
light. Very soluble in ether and in chloroform; soluble in 
dehydrated alcohoi and in vegetable oils; insoluble tn water 
and in glycerin. 

Oleovitamin A and D Capsules: The oil contained in 
Oleovitamin A and D Capsules is a yellow to red, oily licuid, 
practically odorless or havlng a fish-like odor, and having no 
rancid odor or taste. Is a elear liquid at temperatures ex^ 
ceeding 65°, and may crystallize on cooling. Is unstable in 
air and in light* 

Gleoy! Polyoxylglycerides: Amber, oily llgulds. May de- 
velop deposit after prolonged storage at 20°. Freely soluble 
in methylene chiorioe; practically insoluble but dispersible in 
water. NF category: Ointment base; solvent; emulsifying 
agent; wetting and/or solubilizing agenL 

Oleyl Alcohoi: Clear, colorless to light yellow, oily liq- 
uid. Has a faint characteristfc odor and a bland taste. Solu¬ 
ble in alcohoi, in ether, in isopropyl alcohoi, and in light 
minera! oil; insoluble in water. NF category: Emoliient; emul¬ 
sifying agent. 

Oleyl Oleate; Clear, colorless to light yellow liquid, Has 
a faint characteristic odor. Slightly soluble in alcohoi Misci¬ 
ble with chloroform and with ether. NF category: Emoilient; 
emulsifying agent, 

Olive Oil: Pale yellow, or light greenish-yellow, oily liq- 
uid, havlng a slight, characteristic odor and taste, with a 
faintly acrid aftertaste. Slightly soluble In alcohoi. Miscible 
with ether, with chloroform, and with carbon dlsulfide. Spe* 


cifie Gravity (841): Between 0,910 and 0.915, NF category: 
Vehjcle (oleaginous). 

Olmesartan Medoxomil: White to off-white crystalline 
powder Sparingly soluble in methanol; practically insoluble 
in water 

Olopatadine Hydrochloride: White crystalline powder. 
Very soluble in formie add; sparingly soluble in water; very 
slightly soluble in dehydrated alconol. 

Omeprazole: White to off-white powder. Soluble in db 
chloromelhane; sparingly soluble In methanol and In alco- 
hol; very slightly soluble in water 

Omeprazole Magnesium: White to off-white powder. 
Sparingly soluble in methanol; slightly soluble in alcohoi; 
very slightly soluble in water and in dichloromethane, 

Ondansetron: White to off-white powder. Very soluble 
in acid Solutions; sparingly soluble in water. 

Ondansetron Hydrochloride: White to off-white pow¬ 
der. Soluble in methanol; sparingly soluble In water and in 
alcohoi; slightly soluble in Isopropyl alcohoi and In dichloro¬ 
methane; very sfightly soluble in acetone, in chloroform, 
and in ethyl acetate. 

Opium: Has a very characteristic odor and a very bitter 
taste. 

Powdered Opium: Ught brown or moderatefy yeflow- 
ish-brown powder 

Orbff!oxadn: White to pale yellow crystals or crystalline 
owder. Odorless. Soluble In acetic acid; very slightly solu- 
le In methanol, in water, and In chloroform; practically in¬ 
soluble in ethanol and tn diethyl ether 

Orlistat: White to off-white fine powder or fine powder 
with lumps. Freely soluble in chloroform; very soluble in 
methanol and in alcohoi; practically insoluble in water, 

Orphenadrine Citrate: White, practically odorless, erys- 
talline powder, having a bitter taste. Sparingly soluble in 
water; slightly soluble In alcohoi; insoluble in chloroform, in 
benzene, and in ether. 

Ose!tamivir Phosphate: White to off-white powder. 
Freely soluble in water; soluble in methanol, tn dimethyl 
sulfoxide, and in propylene glycol; sparingly soluble tn dl 
methylformamide; slightly soluble In alcohoi; very slightly 
soluble in isopropyl aTcohof and in polyethylene glycol 400; 
practically insoluble In acetonitrlle, in acetone, in dichloro¬ 
methane, and in n-hexane. 

Oxaclllln Sod tum: Fine, white, crystalline powder, 
odorless or having a slight odor. Freely soluble in water, in 
methanol and in dimethyl sulfoxide; slightly soluble in ab- 
solute alcohoi, in chloroform, in pyridlne, and In methyl 
acetate; insoluble in ethyl acetale, in ether, in benzene, and 
In ethylene chloride. 

Qxadllin Sodium for Injection: Fine, white, crystalline 
powder, odorless or having a slight odor. Freely soluble in 
water, in methanol, and in dimethyl su!foxide; slightly solu- 
ble in absolute alcohoi, in chloroform, In pyridlne, and in 
methyl acetate; insoluble in ethyl acetate, in ether, in ben¬ 
zene, and in ethylene chloride. 

Oxaitplatin: White to off-white crystalline powder. 
Slightly soluble in water; very slightly soluble in methanol; 
practically insoluble In alcohoi 

Oxandrolone: White, odorless, crystalline powder. Is 
stable in air, but darkens on exposure to light Meits at 
about 225°. Freely soluble in chloroform; sparingly soluble 
in alcohoi and in acetone; practically insoluble in water. 

Oxaprozin: White to yellowish-white, crystalline pow¬ 
der. 

Oxazepam: Creamy white to pale yellow powder. Is 
practically odorless, Slightly soluble in alcohoi and in chloro¬ 
form; very slightly soluble In ether; practically Insoluble in 
water. 
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Gxcarbazeprne: Light orange to creamish white or off- 
white powder. Soluble in acetic acid; sparing ly sofuble in 
chloroform; practically insoluble in water, 

Gxfendazofe: White or almost white powder, Sfightfy 
soluble in alcohol and in methyiene chloride; practically in- 
soluble in water. 

OxprenoloI Hydrochloride; White, crystalline powder. 
Freely soluble in alcohol, in chloroform, and in water; spar¬ 
ingly solubie in acetone; practically insolubie in ether 

Qxtriphylline: White, crystalline powder, havinq an 
amine-like odor. A soiution (1 in 100) has a pH of aoout 
103, Freely soluble in water and In alcohol; very slightly 
solubie in chloroform, 

Oxybenzone: Pale yeJlow powder, Freely soluble in al¬ 
cohol and in toluene; practically insoluble in water, 

Oxybutynin Chloride: White, crystalline, practically 
odorless powder. Very soluble in methanol and in chloro¬ 
form; freely soluble in water and in alcohol; soluble in ace¬ 
tone; slightly soluble in ether; very slightly soluble in hex- 
ane. 

Oxycodone Hydrochloride: White to off-white, hygro- 
scopic crystals or powder. Is odorless, Soluble in water; 
slightly soluble in alcohol 

Oxygen: Colorless, odorless, tasteless gas, which sup- 
ports combustion morę energeticaliy than does air. One L at 
0° and at a pressure of 760 mm of mercury weighs about 
1.429 g. One volume dtssolves in about 32 volumes of 
water and in about 7 volumes of alcohol at 20° and at a 
pressure of 760 mm of mercury* 

Oxymetazolme Hydrochloride; White to practically 
white, fine crystalline powder, Is hygroscopic Melts at 
about 300°, with decomposition, Soluble in water and in 
alcohol; practically Insoluble in benzene, in chloroform, and 
in ether. 

Oxymetholone: White to creamy white, crystalline 
powder, Is odorless, and is stable in air. Freely soluble in 
chloroform; soluble in dioxane; sparingly soluble in alcohol; 
slightly soluble in ether; practically insoluble in water. 

Oxymorphone Hydrochloride: White or slightly off- 
white, odorless powder. Darkens on exposure to light, Its 
aqueou$ Solutions are slightly acidic Freely soluble in water; 
sparingly soluble in alcohol and in ether. 

Oxyquinoiine Sulfate: Yellow powder. Melts at about 
185*. Very soluble in water; freely soluble in methanol; 
slightly soluble in alcohol; practically insoluble in acetone 
and in ether. NF cotegory: Chelating and/or complexing 
agent 

Oxytetracyciine: Pale yellow to tan, odorless, crystalline 
powder. Is stable in air, but exposure to strong sunlight 
causes it to darken, It loses potency In Solutions of pH be- 
Iow 2, and is rapidly destroyed by alka!! hydroxide Solutions. 
Freely sofuble in 3 N hydrochloric acid and in alkaline Solu¬ 
tions; sparingly soluble in alcohol; very slightly soluble in 
water. 

Oxytetracycline Calcium: Yellow to light brown, crys¬ 
talline powder. Insoluble in water. 

Oxytetracydine Hydrochloride: Yellow, odorless, crys¬ 
talline powder, having a bitter taste. Is hygroscopic, Decom- 
poses at a temperaturę exceeding 180°, and exposure to 
strong sunlight or to temperatures exceedmg 90* in moist 
air causes it to darken. Its potency is diminisned in Solutions 
havinq a pH below 2, and is rapidly destroyed by alkali hy- 
droxiae Solutions. Freely soluble in water, but crystals of 
Qxy tetracydine base sępa ratę as a result of partia! hydrolysis 
of the hydrochloride; sparingly soluble In alcohol and In 
methanol, and even less soluble in dehydrated alcohol; in- 
soluble in chloroform and in ether. 

Fadttaxel: White to off-white powder. Soluble in alco- 
hol; insoluble in water, 

Padimate O; A light yellow, mobile liquid having a 
faint, aromatic odor, Soluble in alcohol, in isopropyl alcohol. 


and in minerał oit; practically insolubie in water, in gfycerin, 
and in propylene glycol. 

Paliperidone: White to yellow powder. Sparingly solu¬ 
ble in 0,1 M hydrochloride and in methyiene chloride; 
slightly soluble in N,A/-dimethylformamide and in ter- 
ahydrofuran; practically insoluble in water, in 0.1 N sodium 
hydroxide, and in hexane. 

Palm Gil: White to yellowish, fatty solid to semisolid, 
Insoluble in water, NF cotegory: Coating agent; emulslfying 
agent. 

Hydrogenated Palm Gil: White to yellowish, fatty solid 
to semi-solid, Freely soluble in ether; very slightly soluble in 
alcohol; practically insoluble in water. NF cotegory: Coating 
agent; lubricant; wet binder. 

Palm Kernei Oif: White to yellowish, fatty solid. Insolu¬ 
ble in water. NF cotegory: Coating agent; emulslfying agent; 
suppository base. 

PaJmitk Acid: Hard, white or faintly yellow, somewhat 
giossy crystalline solid, or white oryellowish-white powder, 
ft has a slight characteristic odor and taste. Solubie in aico- 
hol, in ether, and in chloroform; practically insoluble in 
water, NF cotegory: Antifoaming agent; emulsifying agent; 
lubricant 

Palonosetron Hydrochloride: White to off-white, crys¬ 
talline powder. Freely soluble In water; soluble in propylene 
glycol; slightly solubfe in ethanol; very slightly soluble to 
slightly soluble in isopropyl alcohol, 

Pamidronate Disodlum: White, crystalline powder. Sol- 
uble in water and in 2 N sodium hydroxide; sparingly solu¬ 
ble in 0.1 N hydrochloric acid and in 0.1 N acetic acid; 
practically insoluble in organie solvents. 

Pancreatrn: Cream-coiored, amorphous powder, having 
a faint, characteristic, but not offensive odor. It hydrolyzes 
fats to glycerol and fatty acids, chan ges protein into prote- 
oses and derived substances, and converts starch into dex- 
trins and sugars. Its greatest activities are in neutral or 
faintly alkaline media; morę than traces of minerał acids or 
large amounts of alkali hydroxides make it inert. An excess 
of alkali carbonale also Inhibits its action. 

Pancrelipase: Cream-coiored, amorphous powder, hav- 
ing a faint, characteristic, but not offensive odor. Pancre¬ 
lipase hydrolyzes fats to glycerol and fatty acids, changes 
protein into proteoses ancfderived substances, and converts 
starch Into dextrins and sugars, Its greatest activities are in 
neutral or faintly alkaline media; morę than traces of minera! 
acids or large amounts of alkali hydroxides make it Inert. An 
excess of alkali carbonate also inhibits its action. 

Pancrelipase Capsules: The contents of Capsules eon- 
form to the Description under Pancrelipase , exeept that the 
odor may vary with the flavormg agent used, 

Pancuronlum Bromlde: White, yellowish-white, or 
slightly pink, crystalline powder. Is hygroscopic, Freely solu¬ 
ble in water, in methyiene chloride, and in alcohol. 

Panthenol: White to creamy white, crystalline powder 
having a slight, characteristic odor. Freely sofuble in water, 
in alcohol, and in propylene glycol; soluole in chloroform 
and in ether; slightly soluble m glycerin, 

Pantoprazole Sodium; White to off-white powder. 
Freely soluble in water, in methanol, and in dehydrated al¬ 
cohol; practically insoluble in hexane and in dichlorometh- 
ane. 

Fapatn: White to light tan, amorphous powder. Soluble 
in water, the soiution being colorless to light yellow and 
morę or less opalescent; practically insoluble in alcohol, in 
chloroform, and in ether. 

Papaverine Hydrochloride: White crystals or white, 
crystalline powder, Is odorless, and has a slightly bitter taste. 
is opticatly inactive, Its Solutions are add toTitmus. Melts at 
about 220°, with decomposition. Soluble in water and in 
chloroform; slightly soluble in alcohol; practically insoluble 
in ether. 


Reference Tables 




Reference Tables 


2492 Descriptton and Relative Solubility / Reference Tables 


U5P40 


Parachlorophenol: White or pink crystals having a 
characteristic phenoiic odor. When undiluted, it whitens and 
cauterizes the skin and mucous membranes. Melts at about 
42°, Very soluble in alcohol, in glycerin, in chloroform, in 
ether, and in fixed and vo!atile oils; soluble in petrolatum; 
sparingly soluble in water and in liguid petrolatum. 

Paraffin: Colorless or white, morę or less trans! ucent 
mass showincj a crystalline stmcture, Is odorless and taste- 
less, and is slightly greasy to the touch. Freeiy soluble in 
chloroform, in ether, in volatile oils, and in most warm fixed 
oils; slightly solubłe in dehydrated alcohol; insoluble in 
water and in alcoho!. NF category: Stiffening agent; oint- 
ment base. 

Synthetic Paraffin: Very hard, white, practically taste- 
less and odorless wax* Contarns mostiy long-chain, un- 
branched, saturated hydrocarbons, with a smali amount of 
branched hydrocarbons. Is represented by the formula 
C n H 2 n 2 t in which n may rangę from 20 to about 100* The 
average molecular weight may rangę from 400 to 1400. 
Slightly soluble in aromatic and norma! paraffmic so!vents; 
very slightly soluble in aliphatic, oxygenated, and haloge- 
nated hydrocarbon solvents; insoluble in water, NF category: 
Stiffening agenL 

Paraldehyde: Colorless, transparent liquid. Has a 
strong, characteristic but not unpleasant or pungent odor, 
and a disagreeable taste. Specific gravity is about 0.99. Sofu- 
ble in water, but less soluble in boiling water. Miscible with 
alcohol, with chloroform, with ether, and with volati!e oils, 

Paricalcitoi: White to almost white powder* Soluble in 
alcohol; insoluble in water, 

Paromomydn Sulfate: Creamy white to light yellow 
powder. Is odorless or practically odorless, and is very hy- 
groscopic. Very soluble in water; insoluble In alcohol, in 
chloroform, and in ether. 

Paroxetine Hydrochloride: White to off-white solid. 
Soluble in methanol and in alcohol; slightly soluble in water 

Peanut Oii: Colorless or pale yellow, oily liguid with a 
bland taste, May have a characteristic, nutty odor, Very 
slightly soluble in alcohol, Miscible with ether, with chloro¬ 
form, and with carbon disulfide. Specific Gravity (841): Be- 
tween 0.912 and 0.920. Refractive lndex (831): Setween 
1.462 and 1.464 at 40°. NF category: Solvent; vehicle (ole- 
aginous). 

Pectin: Coarse or fine powder, yellowish-white in color, 
almost odorless, and having a mucilaginous taste, Soluble in 
20 parts of water, forming a viscous, opalescent, colloidal 
solution that flows readily and is acid to litmus; practically 
insoluble in alcohol or in drluted alcohol and in other or¬ 
ganie solvents. Pectin dissolves in water morę readily if first 
moistened with alcohol, glycerin, or simple syrup, or if first 
mixed with 3 or morę parts of sucrose, NF category: Sus- 
pending and/or viscosity-increasing agent; emutsifying 
agent; nlm-fomnlng agent. 


Add the foliowing: 

A Pemetrexed Disoclium: White or almost white pow¬ 
der Freeiy soluble in water; very slightly soluble in dehy¬ 
drated alcohol; practically insoluble in methylene chloride. 
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Penbutolof Sulfate: White to off-white, crystalline pow¬ 
der, Melts at about 217°, with decomposition. Soluble m 
water and In methanol, 

Penkillamme: White or practically white, crystalline 
powder, having a slight, characteristic odor, Freeiy soluble in 
water; slightly soluble in alcohol; insoluble in chloroform 
and in ether. 

PeniciUin G Ben 2 athlne: White, odorless, crystalline 
powder. Sparingly soluble in alcohol; very slightly soluble in 
water. 


PeniciUin G Potassium: Colorless or white crystals, or 
white, crystalline powder Is odorless or practically so, and is 
moderately hygroscopic. Its Solutions are dextrorotatory. Its 
Solutions retafn substantially fuli potency for several days at 
temperatures below 15°, but are rapidly inactivated by 
acids, by alkali hydroxides, by glycerin, and by oxidizing 
agents. Very soluble in water, in salinę T5, and in dextrose 
Solutions; sparingly soluble in alcohol. 

PeniciUin G Procaine: White crystals or white, very fine, 
microcrystalline powder Is odorless or practically odorless, 
and is relatively sta ble In air. I ts Solution s are dextrorotatory. 
Is rapidly inactivated by acids, by alkali hydroxides, and by 
oxidizfng agents. Soluble in alcohol and m chloroform; 
slightly soluble in water. 

Penidllin G Sodium: Colorless or white crystals or 
white to slightly yellow, crystalline powder. Is odorless or 
practically odorless, and is moderately hygrosoopic. Its Solu¬ 
tions are dextrorotatory. Is relatively stabie in air, but is inac- 
tlvated by prolonged heating at about 100°, espedaliy in 
the presence of moisture. Its Solutions lose potency fairly 
rapidly at room temperaturę, but retain substantially fuli po¬ 
tency for several days at temperatures below 15°. Its Solu¬ 
tions are rapidly inactivated by acids, by alkali hydroxides, 
by oxidizing agents, and by penidllinase, 

PeniciUin V: White, odorless, crystalline powder. Freeiy 
soluble in alcohol and in acetone; very slightly soluble in 
water; insoluble in fixed oils. 

PeniciUin V Benzathine: Practically white powder, hav- 
ing a characteristic odor. Sparingly soluble in chloroform; 
slightly soluble in alcohol and in ether; very slightly soluble 
in water. 

Penidllin V Potassium: White, odorless, crystalline 
powder. Very soluble in water; slightly soluble In alcohol; 
Insoluble in acetone. 

Pentamidine Isethionate: White or almost white pow¬ 
der or colorless ciystals, hygroscopic. Freeiy soluble in water; 
sparingly soluble in alcohol; practically insoluble in methyl¬ 
ene cmoride. 

Pentazocine: White or very pale, tan-colored powder, 
Freeiy soluble in chloroform; soluble in alcohol, in acetone, 
and fn ether; sparingly soluble in benzene and in ethyl ace¬ 
tale; practically insoluble in water, 

Pentazocine Hydrochloride: White, crystalline powder. 
It exhibits polymorpbism, one form melting at about 254° 
and the other at about 218°. Freeiy soluble in chloroform; 
soluble in alcohol; sparingly soluble in water; very slightly 
soluble in acetone and in ether; practically insoluble in ben¬ 
zene. 

Pentetic Acid: White, odorless or almost odorless pow¬ 
der. Melts with foaming and degradatśon at 220°. NF cate¬ 
gory: Chelatmg and/or complexing agent; antimicrobial pre~ 
servative; seguestering agent. 

Pentobarbital: White to practically white, fine, practi- 
eally odorless powder. May occur in a poiymorphic form 
that melts at about 116°. Thrs form gradually reverts to the 
morę stabie higher-melting form upon being heated at 
about 110°. Very soluble in alcohol, in methanol, in ether, 

In chloroform, and in acetone; soluble in benzene; very 
slightly soluble in water and rn carbon tetrachlonde. 

Pentobarbital Sodlum: White, crystalline granules or 
white powder. Is odorless or has a slight characteriStic odor, 
and has a slightly bitter taste. Its Solutions decompose on 
standing, heat accelerating the decomposition, Verv soluble 
in water; freeiy soluble in alcohol; practically insoluble in 
ether. 

Pentoxifyllme: White to almost white crystalline pow¬ 
der. Freeiy soluble in chloroform and in methanol; soluble in 
water; sparingly soluble tn alcohol; slightly soluble In ether. 

Peppermrnt: Has an aromatic, characteristic odor and a 
pungent taste, and produces a cooling sensation in the 
mouth, NF category: Flavors and fragrance. 
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Peppermint Oil: Colorless or pale yellow Iiąuid, havlng 
a stron g, penetrating, characteristic odor and a pungent 
taste, followed by a sensatton of cold when air Is drawn into 
the mouth. NF category: Flavors and f rag rance. 

Peppermint Spirit: A elear, colorless liquld with a pep- 
permint fragrance. Freely soiuble in methanol and in dietny 
ether; soiuble in water. NF category: Flavors and fragrance. 

Peppermint Water: NF category: Vehicle (ftavored and/ 
or sweetened). 

Perflubron: Gear, colorless, practically ododess liguid. 

PergoHde Mesylate: White to off-white powder. Spar- 
ingly solubie in methanol; slightly soiuble in water, in dehy- 
drated aicohol, and in chloroform; very slightly solubie in 
acetone; practically insoluble in ether. 


Add the fotłowmg: 

A Perindopril Erbumine: White or off-white, crystalline 
powder; freely solubie in water and in aicohol; sparingly sol- 
uble in methylene chloride.A^o 

Perphenazine: White to creamy white, ododess pow¬ 
der. Freely solubie in akohol and rn chloroform; sokole in 
acetone; practically insoluble in water. 

Pertussis Immune Globulin: Transparent or slightly 
opalescent ltquid, practically colorless, free from turoidity or 
particles, and practically odorless. May deve!op a sfight, 
granular deposk during storage, Is standardized for aggtutl- 
nating actlvity with the U.S. Standard Antipertussis Serum. 

Petrolatum: Unctuous yellowish to light amber mass, 
having not morę than a slight fluorescence even after being 
melted, Is transparent tri thin layers. Is free or practically free 
from odor and taste, Freely solubie in benzene, in carbon 
disulfide, in chloroform, and in turpentine oil; solubie in 
ether, in solvent hexane, and In most fixed and voladle oils; 
practically insoluble In cold and hot aicohol and in cold de- 
hydrated aicohol; insoluble in water. NF category: Ointment 
base; emollient. 

Hydrophilk Petrolatum: NF category: Ointment base. 

White Petrolatum: White or faintly yellowish, unctuous 
mass, transparent in thin layers even after cooling to 0°. 
Freely solubie in benzene, in carbon disulfide, and in chloro¬ 
form; solubie in ether, in solvent hexane, and in most fixed 
and vo!atile oils; slightly solubie tn cold or hot aicohol, and 
in cold dehydraled aicohol; insoluble in water. NF category: 
Ointment base. 

Phenazopyridine Hydrochloride: Light or dark red to 
dark violet, crystalline powder. is odorless, or has a slight 
odor. Melts at about 235°, with decomposition. Slightly sol- 
uble in water, in aicohol, and in chloroform. 

Phendimetrazine Tartrate: White, odorless, crystalline 
powder. Freely solubie tn water; spanngly solubie in warm 
aicohol; insoluble in chloroform, in acetone, in ether, and in 
benzene. Phendimetrazine base is extracted by organie sol* 
vents from alkaline solution. 

Phenelzine Sulfate: White to yellowish white powder, 
having a characteristic odor. Freely solubie in water; practi- 
cafly insoluble in aicohol, in chloroform, and in ether. 

Pheniramine Mafeate: White, crystalline powder hav- 
ing a faint amine-llke odor. Solubie in water and In aicohol, 

Phenmetrazine Hydrochloride: White to off-white, 
crystalline powder. Very solubie in water; freely solubie tn 
aicohol and in chloroform. 

Phenobarbital: White, odorless, glistening, smali erys* 
tals, or white, crystalline powder, which may exhibit pofy- 
morphism. Is stanie rn air. Its saturated solution has a pH of 
about 5. Solubie in aicohol, in ether, and rn Solutions of 
fixed alka li hydroxides and carbonates; sparingly solubie in 
chloroform; very slightly solubie in water. 

Phenobarbital Sodium: Flaky crystals, or white, crystal¬ 
line granules, or white powder. Is odorless, has a bitter 


taste, and is hygroscopic. Its Solutions are alkaline to phe- 
nolphlhalein TS, and decompose on standing. Very solubie 
in water; solubie in aicohol, practically insoluble In ether 
and in chloroform. 

Phenol: Colorless to light pink, interlaced or separate, 
needle-shaped crystals, or white to light pink, crystalline 
mass. Has a characteristic odor. Is lrquefłed by warming and 
by the addition of 10% of water. Boils at about 182 c , and 
its vapor is flammable. Gradually darkens on exposure to 
light and air. Very solubie in aicohol, in glycerin, in chloro¬ 
form, in ether, and in fixed and volatile oils; solubie in 
water; sparingly solubie in minerał oil. NF category: Antimi- 
croblal preservative. 

Liquefied Phenol: Colorless to pink liquid, which may 
develop a red tint upon exposure to air or light. Has a char¬ 
acteristic, somewhat aromatic odor. It whitens and cauter- 
izes the skin and mucous membranes, Specific gravity Is 
about 1.065. Misdble with aicohol, with ether, and with 
glycerin. A mrxture of equal volumes of Liguefied Phenol 
and glycerin is misdble with water. 

Camphorated Phenol Topicał Gel: Clear, colorless, oily 
gel. 

Phenolsulfonphthalein: A bright-red to dark-red, erys- 
talllne powder. Slightly solubie in aicohol; very slightly soiu- 
ble in water. 

Phenoxyethanol: A colorless, slightly vistous liquid. 
Slightly solubie in water, in peanut on, and in olive oil. Mis¬ 
dble with acetone, with aicohol, and with glycerol. NF cate¬ 
gory: Andmicrobial preservative. 

Phensuximide: White to off-white, crystalline powder. 

Is odorless, or has not morę than a slight odor. Very solubie 
in chloroform; solubie in aicohol; slightly solubie in water. 

Phentermine Hydrochloride: White, odorless, hygro- 
scopic, crystalline powder. Solubie in water and in the lower 
alcohols; slightly solubie in chloroform; insoluble in ether. 

Phentolamine Mesylate: White or off-white, odorless, 
crystalline powder. Its Solutions are acid to litmus, having a 
pH of about 5, and slowly deteriorate. Melts at about 178°. 
Freely solubie in water and in aicohol; slightly solubie in 
chloroform. 

Phenylalanine: White, ododess crystals, havtng a 
slightly bitter taste. Sparingly solubie in water; very slightly 
solubie in methanol, rn aicohol, and in dilute minerał acids. 

Phenylbenzimidazole Sulfonie Add: White to ivory- 
colored, odorless powder. Solubie in aicohol; practically in¬ 
soluble in oily solvents and in water. Its salts are freely soiu- 
ble in water. 

Phenylbutazone: White to off-white, odorless, crystal¬ 
line powder. Freely solubie in acetone and in ether; solubie 
in aicohol; very slightly solubie in water. 

Phenyfephrine Bitartrate: White or aimost white pow¬ 
der or colorless crystals. Freely solubie in water. 

Phenylephrine Hydrochloride: White or practicaNy 
white, odorless crystals, havlng a bitter taste. Freely solubie 
in water and in alcohoL 

Phenylephrine Hydrochloride Hasał Solution: Gear, 
colorless or slightly yellow, odorless liquid. is neutral or acid 
to litmus, 

Phenylephrine Hydrochloride Ophthalmic Solution: 
Gear, colorless or sfightfy yellow lloutd, depending on the 
concentration. 

Phenylethyl Afcohol: Colorless liquid, having a rose-like 
odor and a sharp, burnlng taste. Very solubie in aicohol, in 
fixed oils, in glycerin, and in propylene glycoJ; sparingly sol- 
uble in water; slightly solubie in minerał oil, NF categoiy: 
Antimiaobial preservative. 

Phenylmercuric Ac eta te: White to creamy white, erys- 
taflśne powder, or smali white prrsms or leaflets. Is odorless. 
Solubie in aicohol and in acetone; slightly solubie in water. 
NF category: Antimicrobial preservative. 
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Phenylmercuric Nitrate: White, crystalfine powder. \$ 
affected by light. Its saturated solution is acid to Htmus. 
Slightly soluble in alcohol and in glycerin; very slightly solu¬ 
ble in water. It is morę soluble in the presence of either 
nrtric add or alkali hydroxides. NF category: Antimicrobial 
preservative* 

Phenylpropanolamine Bita rtratę: Wbite, crystalline 
powder. 

Phenylpropanolamine Hydrochloride: Wbite, crystal¬ 
line powder, having a slight aromatic odor. ts affected by 
light. Freely soluble in water and in alcohol; insoluble in 
ether* 

Phenyltoloxamine Citrate: Wbite, crystalline powder. 
Very soluble in boillng water; slightly soluble in cold water 
and in alcohol; practically insoluble in cold acetone, in ethyl 
ether, and in toluene* 

Phenytoin: White, odorless powder. Melts at about 
295°, Soluble in hot alcohol; slightly soluble in cold alcohol, 
in chloroform, and in ether; practically insoluble in water. 

Phenytoin Sodium: White, odorless powder. Is same* 
what hygroscopic and on exposure to air gradually absorbs 
carbon dloxide, Freely soluble in water, the solution usually 
being somewhat turbid due to partia! hydrolysis and absorp- 
tion of carbon dioxide; soluble m alcohol; practically insolu¬ 
ble in ether and in chloroform. 

Sodium Phosphate P 32 Solution: Clear, colorless solu- 
tlon. Upon standing, both the Solution and the glass Con¬ 
tainer may darken as a result of the effects of the radiation* 

Phosphonc Acid: Colorless, odorless !iquid of syrupy 
consistency. Specific gravity is about 171, Misdble with 
water and with aicohoi. NF category: pH modifier (acidifying 
agent/alkalizing agent/buffering agent). 

Diluted Phosphoric Acid: Clear, colorless, odorless lig- 
uid* Specific gravity rs about 1.057. NF category: pH modi¬ 
fier (acidifying agent/alkalizing agent/buffering agent), 

Physostigmlne: White, odorless, microorystalllne pow¬ 
der Acguires a red tint when expg$ed to heat, light, air, or 
contact with traces of metals. Melts at a temperaturę not 
lower than 103°. Very soluble in chloroform and tn dichloro- 
methane; freely soluble in alcohol; soluble in benzene and in 
fixed oils; slightly soluble in water 

Physostigmine Salkyfate: White, shimng, odorless crys- 
tals or white powder. Acguires a red tint when exposed to 
heat, light, air, or contact with traces of metals for long 
periods. Melts at about i 84°. Freely soluble in chloroform; 
soluble in alcohol; sparingly soluble in water; slightly soluble 
in ether. 

Physostigmine Sulfate: White, odorless, microcrystal- 
Irne powder. Is deliguescent in moist air and acguires a red 
tint when exposed to heat, light, air, or contact with traces 
of metals for long periods. Melts at about 143°. Freely solu¬ 
ble in water; very soluble in alcohol; very slightly soluble in 
ether. 

Phytonadione: Clear, yellow to amber, very vi$cous, 
odorless or practically odorless liquid, having a specific graw 
ity of about 0,967. Is stable in air, but decomposes on ex- 
posure to sunlight* Soluble in dehydrated alcohol, in ben¬ 
zene, in chloroform, in ether, and in vegetable oils; slightly 
soluble in alcohol; insoluble in water. 

Pilocarpine: A viscous, otly liguid, or crystals melting at 
about 34°. Exceedmqly hygroscopic. Soluble in water, in al- 
cohol, and in chloroform; sparingly soluble tn ether and In 
benzene; practically insoluble in petroleum ether. 

Pilocarpine Hydrochloride: Colorless, translucent, 
odorless, faintly bitter crystals. Is hygroscopic and is affected 
by light fts Solutions are add to litmus. Very soluble in 
water; freely soluble in alcohol; slightly soluble in chloro¬ 
form; insoluble in ether. 

Pilocarpine Nitrate: Shining, white crystals. Is stabie in 
air but is affected by light. Its Solutions are acid to titmus* 


Freely soluble in water; sparingly soluble in alcohol; insolu¬ 
ble in chloroform and in ether. 

Prmozide: White, crystalline powder. Freely soluble in 
chloroform; slightly soluble in ether and in alcohol; insoluble 
in water 

Pindolol: White to off-white, crystaIMne powder, having 
a faint odor. Slightly soluble in methanol; very slightly solu¬ 
ble In chloroform; practically insoluble in water. 

Pioglitazone Hydrochloride: White crystals or crystal¬ 
line powder. Soluble in dtmethylformamide; slightly soluble 
in dehydrated alcohol; very slightly soluble in acetone and 
in acetonitrile; practically insoluble in water; insoluble in 
ether. 

Piperaeillin: White to off-white, crystalline powder. Very 
soluble In methanol; slightly soluble in isopropyl alcohol; 
very slightly soluble in ethyl acetate and practically insoluble 
to very slightly soluble in water. 

Piperaeillin Sodium: White to off-white solid* Freely sol¬ 
uble In water and in alcohol. 

Piperazine: White to slightly off-white lumps or flakes, 
having an ammoniacal odor. Soluble in water and In alco¬ 
hol; insoluble in ether. 

Piperazine Adipate: White crystailine powder* Soluble 
in water; practicafly insoluble m alcohol* 

Piperazine Citrate: White, crystalline powder, having 
not morę than a slkjht odor. Its solution (1 in 10) has a pH 
of about 5. Soluble in water; insoluble in alcohol and In 
ether. 

Piperazine Dihydrochloride: White crystalline powder* 
Soluble in water. 

Piperazine Phosphate: White crystalline powder. Spar¬ 
ingly soluble in water; practically insoluble in alcohol. 

Piroxicam: Off-white to light tan or light yellow, 
odorless powder. Forms a mon ohyd ratę that is yellow. 
Slightly soluble in alcohol and in agueous alkalrne Solutions; 
very sftghtly soluble in water, In dilule acids, and in most 
organie solvents. 

Plantago Seed: Ali varieties are practically odorless and 
have a bland, mucilagrnous taste. 

Plicamycin: Yellow, odorless, hygroscopic, crystalline 
powder. Freely soluble in ethyl acetate; slightly soluble in 
water and in methanol; very slightly soluble in alcohol. 

Podophyllum: Has a slight odor and a disagreeably bit¬ 
ter and acnd taste. 

Podophyllum Resin: Amorphous powder, varying In 
color from light brown to greenish yellow, turning darker 
when subjected to a temperaturę exceeding 25 3 or when 
exposed to light, Has a slight, peculrar, faintly bitter taste. 

Its alcohol solution is acid to moistened litmus paper* Solu¬ 
ble in alcohol with a slight opalescence; partially soluble in 
ether and in chloroform* 

Polacrilin Potassium: White to off-white, free-fiowing 
powder. Has a faint odor or is odorless. Insoluble in water 
and in most iiquids* NF category: Disintegrant. 

PoIrovirus Vaccine lnactivated: Clear, reddish-tinged or 
yellowish liguid, that may have a sfight odor because of the 
preservative* 

Poloxalene: Colorless or pale yellow liquid* Soluble in 
water, in chloroform, and in ethyiene dichloride, 

Poloxamer: NF category: Wetting and/or solublliztng 
agent; emulsifying agent; lubdcant* 

Po!oxamer 124: Colorless llquid, having a mlld odor. 

When solidified, it melts at about 16°* Freely soluble in 
water, in alcohol, in isopropyl alcohol, in propylene glycol, 
and in xylene, 

PoIoxamer IBS: White, prilfed or cast solid* Is odorless, or 
has a very mild odor. Melts at about 52 c , Freely soluble in 
water and In alcohol. 

Poloxamer 237: White, prilled or cast solid. Is ododess, or 
has a very mild odor, Melts at about 49°. Freely soluble in 
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water and in alcohol; sparingly soluble m isopropyl alcohol 
and fn xylene< 

Poloxamer 338: White, prifled or cast solid. Is odorless, or 
has a very mifd odor. Melts at about 57°, Fredy soluble tra 
water and En alcohol; sparingly soluble in propyfene glyeol. 

Poloxamer 407: White, prilfed or cast solid. Is odorless, er 
has a very mild odor. Melts at about 56Freely soluble in 
water, in alcohol, and in isopropyl alcohol. 

Polycarbophil: Wbite to creamy wbite granules, having 
a characteristic, ester-like odor. Swells in water to a rangę of 
yolumes, depending primarily on the pH. Insofuble in water, 
in dilute adds, in dilute alkalies, and in common organie 
solvents. NF category: EmuEsifying agent; suspending and/or 
yiscosity-Encreasing agent; wet binder. 

Hydrogenated Polydecene: Cfear, colorless, odorless, 
tastefess !iquid. Very siightly solubie in water. NF category: 
Emolfient; ointment base; so(vent; vehicle (oleaginous). 

Polydextrose: Off-white to light tan-colored solid. Very 
soluble in water; soluble in alcohol; sfightly soluble in glyc- 
erin and in propylene glyeol NF category: Bulking agent; 
humectant; coating agent; suspending and/or viscosEty-fn- 
creasing agent; diluent. 

Hydrogenated Polydextrose: Off-white to light tan- 
cofored solid. Very soluble in water; soluble in alcohol; 
siightly soluble En glycerin and in propylene glyeol. NF cate¬ 
gory: Bulking agent; coating agent; humectant; suspending 
and/or viscosity-increasEng agent; wet binder. 

Polyethylene Glyeol: Polyethylene Glyeol Es usually des- 
ignated by a number that corresponds approxrmately to its 
average molecular weight. As the average molecular weight 
Encreases, the water soTubiiity, vapor pressure, hygroseopic- 
Ety, and solubility in organEc solvents decrease, wnile con- 
geafing temperaturę, specific gravity, flash point, and yiscos- 
ity inerease. LEguid grades occur as elear to siightly hazy, 
colorless or practicaliy colorless, siightly hygroscoplc, yiscous 
liguids, having a slight, characteristic odor, and a specific 
gravity at 25° of about 1.12, Solid grades occur as practi- 
cally odorEess and tasteless, white, waxy, plastic materia! 
having a consistency similar to beeswax, or as creamy white 
flakes, beads, or powders. The accompanying tabEe States 
the approximate congealing temperatures that are charac¬ 
teristic of common ly available grades. LEquid grades are mrs- 
cible with water; solid grades are freeEy soluble in water; 
and all are soluble in acetone, in alcohol, in chloroform, in 
ethylene glyeol monoethyl ether, in ethyl acetate, and In 
toluene; all are insoluble in ether and in hexane. NF cate¬ 
gory: Coating agent; plastidzer; solvent; suppository base; 
lubricant; film-forming agent; ointment base; diluent. 


Nominał Molecular Weight 
Polyethylene Glyeol 

Approximate Congealing 
Temperaturę (“1 

300 

-n 

400 

6 

600 

20 

900 

34 

1000 

38 

1450 

44 

4500 

58 

8000 

60 


Polyethylene Glyeol 3350: White granular, powder, or 
flake. Approximate congealing temperaturę: 56°, Freely solu¬ 
ble in water; soluble in acetone, in alcohol, En chloroform, in 
ethylene glyeol monoethyl ether, in ethyl acetate, and in 
toluene; insoluble in ether and En hexane. NF category: 
Coating agent; diluent; film-forming agent; lubricant; oint¬ 
ment base; plastidzer; solvent; suppository base. 

Polyethylene Gfycoi Monomethyl Ether: Polyethylene 
Glyeol Monomethyl Ether Es usually designated by a number 
that corresponds approximately to its average molecular 
weight, As the average molecular weight inereases, the 


water solubility, vapor pressure, hygroscopidty, and solubEI- 
ity in organie solvents decrease, while congealing tempera¬ 
turę, specific gravity, flash point, and viscosity inerease. Lrq- 
uid grades occur as dear to sEightEy hazy, colorless or 
practicaliy colorless, siightly hygroscoplc, viscous liguids, 
having a slight, characteristic odor, and a specific gravity at 
25 p of about 1.09-1.10, Solid grades occur as practicaliy 
odorless and tasteless, white, waxy, plastic materia! havmg a 
consistency similar to beeswax, or as creamy white flakes, 
beads, or powders. The accompanying table States the ap- 
proximate congealing temperatures that are characteristic of 
commonfy avarlable grades, Liquid grades are mlsdble with 
water; solid grades are freely soluble in water; and alf are 
soluble in acetone, in alcohol, in chloroform. En ethylene 
gtycol monoethyl ether, in ethyt acetate, and fn toluene; all 
are insoluble in ether and En hexane. NF category: Ointment 
base; solvent; plastidzer. 


Nominał Molecular Weight 
Polyethylene Glycoi 
MónoinethyJ Ether 

Approxiiriate Congealing 
Temperaturę f > 

350 

-7 

550 

17 

750 

28 

1000 

35 

2000 

51 

5000 

59 

8000 

60 

10000 

61 


Polyethylene Oxide: Polyethylene oxide resins are high 
moleeufar weight polymers having the common striicture: 

(-0-CH z CtV)„ 

En which n, the degree of polymerization, varEes from about 
2000 to over 100,000. Polyethylene oxEde, being a poly- 
ether, strongly hydrogen, bonds with water. It is nonionic 
and undergoes saftEng-out effects associated with neutral 
molecules in Solutions of high dielectric media. Salting-out 
effects manifest themse(ves in depressing the upper temper¬ 
aturę limit of solubility, and in reducing the ylscosrty of both 
dilute and concentrated Solutions of the polymers. All mo¬ 
lecular weight grades are powdered or granular solids. They 
are soluble in water but, because of the high solution viscos- 
ities obtained (see tobie), Solutions over 1% in water may be 
difficult to prepare. The water solubility, hygrosco piaty, sol¬ 
ubility in organie solvents, and melting point do not vary in 
the spedfiea molecular weight rangę. At room temperaturę 
polyethylene oxide is miscible with water En all proportions. 
At concentrations of about 20% polymer in water, the Solu¬ 
tions are nontacky, reversible, elastic gels. At higher concen¬ 
trations, the Solutions are tough, elastic materia Is with the 
water acting as a plastidzer. Polyethylene oxide is also freely 
soluble En acetonitrile, in ethylene dichloride, in trichloroeth- 
ylene, and in methylene chloride. Heating may be reguired 
to obtain Solutions in many other organie solvents. It is in¬ 
soluble in aliphalic hydrocarbons, En ethylene glycoi, In di- 
ethylene gfycoi, and in glycerol. NF category: Suspending 
and/or viscosity-increasing agent; wet binder; coating agent; 
release-modifymg agent. 


Approximate 
Molecular Weight 

Typ i cal Solution Vfccosftv feps), 25° 

5% Solution 

1% 5olution 

1 00.000 

40 


200.000 

100 


300/000 

800 


400.000 

3000 


600,000 

6000 


900.000 

15,000 
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Approxlmate 
Molecular Weiaht 

Typical Solution Viscositv (cpsl 2S 

5% Solution 

1% Solution 

4.000,000 


3500 

5,000.000 


5500 


Polyethylene 50 Stearate: NF category: Emulsifymg 
and/or solubilizing agent. 

Polyglycery! 3 Dirsostearate: Viscous Iiguid. Solubie in 
alcohol, in methylene chloride, in minerał ofl, and in vegeta- 
ble oils; Insoluble in water. NF category; Emulsifymg agent; 
ointment base. 

PolyglyceryI Dioleate: Viscous liquid. Solubie in meth¬ 
ylene chloride, in minerał bil f and in vegetable oils; sparingfy 
solubie in alcohol; insoluble m water, NF category: Emulsify- 
ing agent. 

Polylsobutylene: Low moleoular-weight grades are soft 
and gummy; high molecular-weight grades are tough and 
elastic. Ali arades are light in color, odorless, and tasteless. 
Solubie in aiisobutylene, in taluene, and in chloroform; in- 
solubie in water. NF category: Adhesive, 

Polymyxin B Sulfate: Wbite to buff-cofored powde'. Is 
odorless or has a fam t odor, Freely solubie in water; slightly 
solubie in alcohol. 

Polyoxyf Laury! Ether: A materiał with 3-5 oxyethylene 
units per molecule is a colorless Iiguid. Solubie or dispersible 
in alcohol; practicatly insoluble in water and in hexane. A 
materiał with 9-23 oxyethylene units per molecule is a 
white, waxy mass. Solubie or dispersible in water; solub e in 
alcohol; practically insoluble in hexane. NF category: Emulsi- 
fying agent; wettmg and/or solubilizing agent. 

Polyoxyl Gleate: A slightly yellowish, viscous iiguid, 
Dispersible rn water and in oils. Solubie in alcohol and in 
rsopropyl alcohol. Miscible with fatty oils and with waxes. !ts 
refractive index is about 1.466. 

Polyoxyl 10 Oleyl Ether; White, soft sermsolid, or pale 
yellow llquid, havlną a bland odor, Solubie in water and In 
alcohol Dispersible tn minera! oil and in propylene glycol, 
with possible separation on standing. NF category: Emulsify- 
ing agent; lubricant; wetting and/or solubilizing agent. 

Pofyoxyl 15 Hydroxystearate: Yellowish to white waxy 
mass. Very solubie tn water; solubie in alcohol and in 
2-propanol; insoluble in minerał oil It solidifies at 25°, NF 
category: Wetting and/or solubilizing agent; vehlcle {oleagi- 
nous); [ubricant; emulsifying agent. 

Polyoxyl 20 Cetostearyl Ether: Cream-colored, waxy, 
unctuous mass, melting, when heated, to a dear brownish- 
yellow Uquid. Solubie in water, in alcohol, and in acetone; 
insoluble in solvent hexane. NF category: Wetting and/or sol- 
ubiłizing agent; emulsifying agent; lubricant. 

Polyoxyl 35 Castor Oil: Yellow, oily liquid, ha ving a 
faint, characteristic odor and a somewhat bitter taste. Very 
solubie in water, produdng a practically odorless and color¬ 
less solution; solubie in alcohol and in ethyl acetate; Insolu¬ 
ble in minerał oils. NF category: Wetting and/or solubilizing 
agent; emulsifying agent; lubricant. 

Polyoxyl 40 Hy drogę na ted Castor Oil: White to yel- 
lowish pastę or pasty liquld, having a faint odor and a siight 
taste. Very solubie in water, produdng a practically tasteless, 
odorless, and colorless solution; solubie in alcohol and in 
ethyl acetate; insoluble in minerał oils. NF category: Wetting 
and/or solubilizing agent; emulsifying agent; lubricant. 

Polyoxyi 40 Stearate: Waxy, white to light tan solid, (s 
odorless or has a faint, fat-like odor. Solubie in water, in 
alcohol, in ether, and in acetone; insoluble in minerał oil 
and In vegetable oils. NF category: Wetting and/or solubi¬ 
lizing agent; emulsifying agent; lubricant 

Polyoxyl Stearate: White or slightly yelfowish waxy 
mass. Solubie in alcohol and in isopropyl alcohol, Polyoxyl 
stearate corresponding to a product with 6-8 units of ethyl- 
ene oxide per molecule is solubie In fatty oils and in waxes; 
practically insoluble in water, Polyoxyl stearate correspond¬ 


ing to a product with 20-100 units of ethylene oxide per 
molecule is solubie in water; practically insoluble in fatty oils 
and in waxes. NF category: Emulsifying agent; wetting and/ 
or solubilizing agent. 

Polyoxyl Stearyl Ether: A white to yellowish-white, 
waxy, unctuous mass, pellets, mkrobeads, or flakes. Poły- 
oxyl Stearyl Ether with 2 oxyethylene units per molecule h 
solubie in alcohol, with heating, and in methylene chloride; 
practically insoluble in water Polyoxy! Stearyl Ether with 10 
oxyethylene units per molecule is solubie in water and in 
alcohol. Polyoxyl Stearyl Ether with 20 oxethylene units per 
molecule Is solubie in water, In alcohol, and in methylene 
chloride. After melting, it solidifies at about 45°. NF cate¬ 
gory: Emulsifying agent; wetting and/or solubilizing agent. 

Polysorbate 20: Lemon to amber liauid having a faint 
characteristic odor. Solubie in water, in alcohol, rn ethyl ace¬ 
tate, tn methanol, and in dioxane; insoluble in minera! oif. 
NF category: Wettmg and/or solubilizing agent; emulsifying 
agent; lubricant; suspending and/or wscosity-increasing 
agent, 

Polysorbate 40: Yellow liqurd having a faint, character¬ 
istic odor. Solubie rn water and in alcohol; insoluble In min¬ 
erał oil and in vegetable oils. NF category: Wetting and/or 
solubilizing agent; emulsifying agent; lubricant; suspending 
and/or viscosrty-increasing agent. 

Polysorbate 60: Lemon- to orange-colored, oily Iiguid 
or semt-gel having a faint, characteristic odor Solubie In 
water, In ethyl acetate, and in toluene; insoluble in minera] 
oil and In vegetable oils. NF category: Emulsifying agent; lu- 
brlcant; suspending and/or viscosity4ncreasing agent; wet¬ 
ting and/or solubilizing agent 

Polysorbate 80: Lemon- to amber-colored, oily fiauid 
having a faint, characteristic odor and a warm, somewhat 
bitter taste. Very solubie in water, produdng an odorless 
and practically colorless solution; solubie in alcohol and In 
ethyl acetate; insoluble in minerał oil. NF category: Wetting 
and/or solubilizing agent; emulsifying agent; lubrieant; sus¬ 
pending and/or yiscosity-Increasing agent. 

Polyvinyf Acetate: White or off-white powder or color¬ 
less granules or beads. Freely solubie in ethyl acetate; solu- 
ble in alcohol, in acetone, and rn chloroform; practically in¬ 
soluble in water. It is hygroscopic and swells in water. NF 
category: Coating agent; desiccant; wet binder; film-forming 
agent. 

Polyvinyl Acetate Dispersion: Opaque, white or off- 
white, slightly viscous Iiguid. Miscible with water and with 
ethanol. It Is sensitive to spoilage by microbial contami- 
nants. NF category: Coating agent; film-forming agent; re- 
lease-modifying agent. 

PoIyvinyI Acetate Phthalate: Free-flowing white pow¬ 
der. May have a sfight odor of acetic add, Solubie in metha¬ 
nol and in alcohol; insoluble in water, in methylene chlo- 
nde, and in chloroform. NF category: Coating agent; film- 
forming agent. 

Polyvinyl Alcohol: White to cream-colored granules, or 
white to cream-colored powder. Is odorless, Freely solubie in 
water at room temperaturę. Solution may be effected morę 
rapidly at somewhat higher temperatures. NF category: Sus¬ 
pending and/or viscosity-increasmg agent; coating agent; 
film-forming agent; polymers for ophthalmic use, 

Suffurated Potash: Irregular, liver-brown pieces when 
freshly madę, changing to a greenish yellow, Has an odor of 
hydrogen sulflde and a bitter, acrid, and alkaline taste, and 
decomposes on exposure to air, A solution (1 in 10) is light 
brown in color and is alkaline to litmus. Freely solubie in 
water, usually leaving a slighl residue. Alcohol dIssolves only 
the sulfides. 

Potassium Acetate: Colorless, monoclinic ciystals or 
white, crystalline powder having a salinę and slightly alka¬ 
line taste. Is odorless, or has a faint acetous odor. Defi- 
quesces on exposure to moist air, Very solubie in water; 
freely solubie in alcohol. 
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Potassium Alginate: White to yellow, fibrous or granu- 
lar powder. Di$solves in water to form a viscou5, colioidal 
solutlon; insoluble in alcoho! and in hydroalcoholk Solutions 
in whkh the akohol content is greater than 30% by weicht; 
insoluble in chloroform, in ether, and in acids having a pH 
lower than about 3. NF category: Emulsifying agent; sus* 
pe nd t ng a n d /or vi scosi tyn nc reasl n g agent. 

Potassium Benzoate: White, odorless, or practically 
odorless, granular or crystalline powder. Is stable in air, 

Freely soluble In water; soluble in 90% alcohoi; sparingly 
soluble in alcohoi. NF category: Antimierobial preservative; 
lubricant. 

Potassium Bicarbonate: Colorless, transparent, mono- 
dinic prisms or as a wbite, granular powder. Is odorless, and 
is stable in air. Its Solutions are neutral or alkalinę to phenol- 
phthalein TS. Freely soluble in water; practically insoluble n 
alcohoi. NF category : pH modifier (acidifying agent/alkalizing 
agent/buffering agent). 

Potassium Bitartrate: Colorless or słightly opaque crys¬ 
tals, or white, crystalline powder. A saturated solution is acid 
to litmus. Soluble in boiling water; słightly soluble in water; 
very słightly soluble in alconof. 

Potassium Bromtde: White, crystalline powder or color- 
less, cubical crystals. Freely soluble in water and in glycerol; 
słightly soluble in alcohoi. 

Potassium Chloride: Colorless, elongated, prismatic, or 
cubical crystals, or white, granular powder. Is odorless, has a 
salinę taste, and is stable in air. Its Solutions are neutral to 
litmus. Freely soluble in water; insoluble in akohol. NF cate¬ 
gory: Tonidty agent. 

Potassium Ci tratę: Transparent crystals or white, graru* 
lar powder. Is odorless, has a cooling, salinę taste, and is 
deliguescent when exposed to moist air. Freely soluble in 
water; very słightly soluble in alcohoi. NF category: pH modi¬ 
fier (acidifying agent/alkalizing agent/buffering agent); che- 
iating and/or comp!exing agent. 

Potassium Cluconate: White to yeliowish-whlte, crys¬ 
talline powder or granules. Is odorless, has a słightly bitter 
taste, and is stable In air. Its Solutions are słightly alkaline to 
litmus. Freely soluble in water; practically insoluble in dehy- 
drated alcohoi, m ether, in benzene, and in chloroform. 

Potassium Hydroxide: White or practically white, fused 
rnasses, or smali pellets, or flakes, or sticks, or other forms. 

Is hard and brittle and shows a crystalline fracture. Exposed 
to air, it rapidly absorbs carbon dioxide and moisture, and 
deliguesces. Very soluble in boiling alcohoi; freely soluble in 
water, in alcohoi, and in glycerin. NF category: pH modifier 
(acidifying agent/alkalizing agent/buffering agent). 

Potassium I od i de: Hexahedral crystals, either transpar¬ 
ent and colorless or somewhat opaque and white, or a 
white, granular powder. Is słightly hygroscopic. its Solutions 
are neutral or alkaline to litmus. Very soluble in water and 
even morę soluble in boiling water; freely soluble in glyc¬ 
erin; soluble in alcohoi. 

Potassium lodlde Orał Solution: Clear, colorless, 
odorless liąuid, having a characteristk, strongly salty taste. Is 
neutral or alkaline to litmus. Specific gravity is about 1.70, 

Potassium MetabisuJfite: White or colorless, free-flow- 
ing crystals, crystalline powder, or granules, usually having 
an odor of sulrur dioxiae. Gradually oxidizes in air to the 
sulfate. Its Solutions are acid to litmus. Soluble in water; in¬ 
soluble in alcohoi. NF category: Antioxidant; antimierobial 
preservattve. 

Potassium Metaphosphate: White, odorless powder. 
Soluble in dilute Solutions of sodium salts; insoluble in 
water. NF category: pH modifier (acidifying agent/alkalizing 
agent/buffering agent). 

Potassium Nitrate: White, crystalline powder or color¬ 
less crystals, Very soluble in boiling water; freely soluble in 
water; soluble in glycerin; practically insoluble in alcohoi. 

Potassium Permanganate: Dark purple crystals, almost 
opaąue by transmitteallght and of a blue metalik luster by 


reflected light its color is sometimes modified by a dark 
bronze-like appearance, fs stable En air, Fredy soluble in boil¬ 
ing water; soluble in water. 

Dibasic Potassium Phosphate: Colorless or white, 
somewhat hygroscopic, granular powder. The pH of a solu* 
tton {1 in 20) is about 8.5 to 9.6. Freely soluble in water; 
very słightly soluble in alcohoi. NF category: pH modifier 
(acidifying agent/alkalizing agent/buffering agent), 

Monobasic Potassium Phosphate: Colorless crystals or 
white, granular or crystalline powder. Is odorless, and Is sta¬ 
ble in air. The pH of a solution (1 in 100) Es about 4.5. 

Freely soluble in water; practically insoluble in alcohoi NF 
category: pH modifier (acidifying agent/alkalizing agent/buf- 
fering agent), 

Potassium Sodium Tartrate: Colorless crystals or white, 
crystalline powder, having a cooling, salinę taste. As it efflo- 
resces słightly in warm, dry air, the crystals are often coated 
with a white powder. Freely soluble in water; practically in¬ 
soluble In alcohoi 

Potassium Sorbate: White crystals or powder, having a 
characteristk odor. Melts at about 270°, with decomposi- 
tion. Freely soluble in water; soluble in alcohoi. NF category: 
Antimierobial preservative. 

Povidone: White to słightly creamy white powder. Is 
hygroscopic. Freely soluble in water, In methanol, and in 
alcohoi; słightly soluble in acetone; practically insoluble in 
ether. NF categoty: SuspendEng and/or viscosity-increasing 
agent; wet binder; polymers for ophthafmic use, 

Povidone-Iodine: Yellowish-brown to reddish-brown, 
amorphous powder, having a slight, characteristic odor. Its 
solution is acid to litmus. Soluble in water and in alcohoi; 
practically insoluble in chloroform, in carbon tetrachloride, 
in ether, in solvent hexane, and in acetone. 

Povidone-lodrne Topical Aerosol Solution: The liąuid 
obtained from Povidone-ladEne Topical Aerosol Solution is 
transparent, having a reddish brown color. 

Pralidoxime Chloride: White to pale-yellow, crystalline 
powder. Is odorless and is stable in air. Freely soluble in 
water. 

Pramipexole Dihydrochionde: White to almost white 
crystalline powder. Freely soluble in water; soluble in metha¬ 
nol; słightly soluble in alcohoi; practically insoluble in meth- 
ylene chloride, 

Pramoxine Hydrochloride: White to practically white, 
crystalline powder, having a numbing taste. May have a 
slight aromatic odor. The pH of a solution (1 in 100) Is 
about 4.5, Freely soluble in water and in alcohoi; soluble in 
chloroform; very słightly soluble m ether. 

Pravastatin Sodium: White to yellowish white, hygro¬ 
scopic powder. Freely soluble in water and in methanol; soi- 
uble in dehydrated alcohoi; practically insoluble in acetoni- 
trite and in chloroform. 

Praziąuantel: White or practically white, crystalline 
powder; odorless or havrnq a faint characteristic odor. Freely 
soluble in alcohoi and in chloroform; very słightly soluble in 
water. 

Prazosin Hydrochloride: White to tan powder, Słightly 
soluble in water, in methanol, in dimethyiformamide, and in 
dimelhylacetamide; very słightly soluble in akohoJ; practi¬ 
cally insoluble in chloroform and in acetone. 

Prednicarbate: White to almost white, crystalline pow¬ 
der. Freely soluble in acetone and in alcohoi; sparingly sotu- 
ble in propylene glycol; practically insoluble in water. 

Prednisolone: White to practically white, odorless, erys- 
taili ne powder. Melts at about 235°, with some decomposi- 
tion (see Meiting Rangę or Temperaturę (741)). Soluble in 
methanol and in dioxane; sparingly soluble In acetone and 
in alcohoi; sliohtly soluble in chloroform; very sliohtly solu¬ 
ble in water, 

Prednisolone Acetate: White to practically white, 
odorless, crystalline powder. Melts at about 235°, with some 
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decomposition (see Meiting Rangę or Temperaturę (741))* 
Slfghtły solubię in acetone, in alcohol, and in chloroform; 
practically insoluble in water. 

Prednisolone Hemisuccinate: Fine, creamy wbite pow- 
der with friable fumps; practically odortess. Meits at about 
205 n , with decomposition. Freely soluble in alcohol; soluble 
in acetone; very slightly soluble in water. 

Prednisolone Sodium Phosphate: Wbite or slightly yel- 
low, friable granules or powder. Is odorless or has a slight 
odor. Is slightly hyaroscopic. Freely soluble in water; soluble 
in methanol; slightly soluble in alcohol and in chloroform; 
very slightly soluble in acetone and in dioxane. 

Prednisolone Sodium Sucdnate for InjecEion: Creamy 
whrte powder with friable lumps, having a slight odor 

Prednisolone Tebutate: White to slightly yellow, free- 
flowing powder, which may show some soft lumps. h 
odorless or has not morę tnan a moderate, characteristic 
odor. Is hygroscopic Freely soluble in chloroform and in 
dioxane; soluble En acetone; sparingly soluble in alcohol and 
in methanol; very slightly soluble in water. 

Prednisone: White to practically white, odorless, crys¬ 
talline powder. Melts at about 230°, with some decomposi- 
tion (see Meiting Rangę or Temperaturę (741)). Slightly solu* 
ble in alcohol, in chloroform, in dtoxane, and in methanol; 
very slightly soluble in water. 

Prilocatne: White or almost white powder or crystal ag- 
gregates. Very soluble in alcohol and in acetone; slightly sol¬ 
uble in water. 

Prilocaine Hydrochloride: Wbite, odorless, crystalline 
powder, having a bitter taste, Freely soluble in water and In 
alcohol; slightly soluble in chloroform; very slightly soluble 
in acetone; practically insoluble in ether. 

Primaguine Phosphate: Orange-red, crystalline pow¬ 
der. Is odorless and has a bitter taste. Its Solutions are acid 
to litmus. Melts at about 200°. Soluble in water; insoluble in 
chloroform and in ether, 

Primldone: White, crystalline powder is odorless and 
has a slightly bitter taste. Slightly soluble in alcohol; very 
slightly soluble in water and in most organie solvents. 

Probucol: White to off-white, crystalline powder. Freely 
soluble in chloroform and in n-propyl alcohol; soluble in al¬ 
cohol and in solvent hexane; Insoluble in water. 

Probenecid: White or practically white, fine, crystalline 
powder. Is practically odorless. Soluble in di lute a [kall, in 
chloroform, in alcohol, and in acetone; practically insoluble 
in water and in dilute acids, 

Procarnamide Hydrochloride: White to tan, crystalline 
powder. Is odorless. Its solution (1 in 10) has a pH between 
5 and 6.5. Very soluble in water; soluble in alconol; slightly 
soluble in chloroform; very slightly soluble in benzene and 
in ether. 

Proeainamide Hydrochloride Injectron: Colorless, o~ 
having not morę than a slight yellow colon 

Procame Hydrochloride: Smali, white crystals or white, 
crystalline powder. Is odorless. Exhibit$ local anesthetic 
properties when placed on the tongue. Freely soluble in 
water; soluble m alcohol; slightly soluble in chloroform; 
practically insoluble In ether 

Frocaine Hydrochloride Injectlon: Clear, colorless liq- 
utd, 

Prochlorperazine: Clear, pale yellow, viscous Nquld. Is 
sensitive to light. Freely soluble in alcohol, in chloroform, 
and in ether; very slightly soluble in water. 

Prochlorperazine Edisyfate; White to very light yellow, 
odorless, crystalline powder. Its Solutions are acid to litmus. 
Freely soluble in water; very slightly soluble in alcohol; insol¬ 
uble in ether and in chloroform. 

Prochlorperazine Maleate: White or pale yellow, prac¬ 
tically odorless, crystalline powder. Its saturated solutjon is 
acid to litmus. Slightly soluble in warm chloroform; practi¬ 
cally insoluble in water and in alcohol. 


Procyclidtne Hydrochloride: White, crystalline powder, 
having a moderate, characteristic odor. Melts at about 225°, 
with decomposition. Soluble in water and in alcohol; insolu¬ 
ble in ether and in acetone, 

Progesterone: White or creamy white, odorless, crystal- 
linę powder. Is stable En air. Soluble in alcohol, in acetone, 
and in dioxane; sparingly soluble in vegetable oils; practi¬ 
cally insoluble En water, 

ProguanU Hydrochloride: White, crystalline powder. 
Sparingly soluble in alcohol; slightly soluble in water; practi¬ 
cally insoluble in methylene chloride. 

Proline: White, odorless crystals, having a slightly sweet 
taste. Freely soluble in water and in absolute alconol; insolu¬ 
ble in ether, in butanol, and in isopropanol. 

Promazine Hydrochloride: White to slightly yellow, 
practically odorless, crystalline powder It oxidizes upon pro- 
longed exposure to air and acguires a blue or pink colon 
Freely soluble in water and In chloroform. 

Promethazine Hydrochloride: White to faint yellow, 
practically odorless, crystalline powder. Slowly oxidlzes, and 
acguires a biue color, on prolonged exposure to air. Freely 
soluble in water, in hot dehydrated alcohol, and in chloro¬ 
form; practically insoluble in ether, in acetone, and In ethyl 
acetate. 

Propafenone Hydrochloride: White powder. Soluble in 
methanol and in hot water; slightly soluble in alcohot and in 
chloroform; very slightly soluble in acetone; insoluble in 
diethyl ether and m toluene. 

Propane: Colorless, flammable gas (boiling temperaturę 
is about “42°). One hundred volumes of water dissolves 6.5 
volumes at 17.8 g and 753 mm pressure; 100 volumes of 
anhydrous alcohol dissolves 790 volunies at 16.6 g and 
754 mm pressure; 100 vo!umes of ether dissolves 926 
volumes at 16.6° and 757 mm pressure; 100 volumes of 
chloroform dissolves 1299 volumes at 21.6° and 757 mm 
pressure. Vapor pressure at 21° is about 10290 mm of mer- 
cury (108 psig). NF category: Propellant 

Propanediol: Clear, colorless, Iwgroscopic liąuid. 5pe- 
cifie Craviiy (841), Method i: 1.040-1.065. Soluble in water, 
in alcohol, in methyl alcohol, in isopropy! alcohol, in butyl 
alcohol, in acetone, in propyfene glycol, and mlsdble with 
many polar solvents. NF category: Humectant; solvent; wet- 
ting and/or solubilizing agent. 

Propanthelrne Bromide: White or practically white 
crystals. Is odorless and has a bitter taste. Melts at about 
160°, with decomposition. Very soluble in water, in alcohol, 
and in chloroform; practically insoluble in ether and in ben¬ 
zene* 

Proparacaine Hydrochloride: White to off-white, or 
faintly buff-colored, odorless, crystalline powder. Its Solu¬ 
tions are neutral to litmus. Soluble in water, in warm alco¬ 
hol, and rn methanol; insoluble in ether and in benzene. 

Proparacaine Hydrochloride Ophthalmk Solution: 
Colorless or faint yellow solution. 

Propionic Acid: Oily liguid having a slight pungent, 
randd odor. Miscible with water and with alcohol and vari- 
ous ot ber organie sol vents. NF category: pH modifler (acidi- 
fying agent/a łka lizing agent/buffering agent); antimicrobial 
preservative; antiQxfaanL 

Propofol: Clear, colorless to slightly yellowish tiguid. 

Very soluble in methanol and in ethanol; slightly soluble in 
cyclohexane and in isopropy! alcohol; very slightly soluble in 
water. 

Propoxycaine Hydrochloride: White, odorless, ciystal- 
line solid, which discofors on prolonged exposure to light 
and air. The pH of a solution (1 m 50) is about 5.4. Freely 
soluble in water; soluble in alcohol; sparingly soluble In 
ether; practically Insoluble tn acetone and in chloroform. 

Propoxyphene Hydrochloride: White, crystalline pow¬ 
der. !s odorless, and has a bitter taste. Freely soluble in 
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water; soluble in alcohol, in chloroform, and in acetone; 
practically insoluble in benzene and in ether. 

Propoxyphene Napsylate: White powder, havrng es- 
sentially no odor, but having a bitter taste* Soluble in meth¬ 
anoi, in alcohol, in chloroform, and in acetone; very siightiy 
solubfe in water. 


Propranolol Hydrochloride: White to off-white, crystal- 
linę powder. Is odorfess and ha$ a bitter taste. Melts at 
about 164°, Soluble in water and in alcohol; siightiy soluble 
in chloroform; practicalfy insoluble in ether. 

Propyl Gallate; White, crystalline powder having a very 
slight, charactenstic odor. Freely soluble in alcohol; siightiy 
soluble in water NF category: Antioxidant. 

Propylene Glycol: Clear, colorless, viscous liquid having 
a slight, charactenstic taste, !s practicalfy odorless. Absorbs 
moisture when exposed to moist air* Miscible with water, 
with acetone, and with chloroform. Soluble in ether and w II 
dissolve many essentlal oils, but is immistibfe with fixed oils. 
NF category: HumecLant; piastidzer; sofeent; antimicrobial 
preservative* 

Propylene Glycol Alginate: White to yellowish fibrous 
or granular powder, Practically odorless and tastefess* Solu¬ 
ble in water, in Solutions of dilute organie acids, and, de- 
pending on the degree of esterification, in hydroalcohoiic 
mixture containing up to 60% by weight of alcohol to form 
stable, viscous colloidal Solutions at a pH of 3, NF category: 
Suspending and/or yiscosity-increasing agent; emuisifying 
agent 


Propylene Glycol Dicaprylate/Dicaprate: Clear, color¬ 
less or siightiy yellow oily iigurd at 20*. Soluble In fatty oiis 
and in lignt petroleum; siightiy soluble in debydrated ateo- 
hol; practically insoluble in water. NF cateaory: Emulsrfyina 
agent; vehrcle* 

Propylene Glycol Dilaurate: Cfear, oily liquid at 20°. 
Colorless or siightiy yellow, Very soluble in alcohol, in rneth- 
anol, and in methylene chloride; practically insoluble in 
water, NF category: Emolffent; emuisifying agent. 

Propylene Glycof Monocaprylate: Clear, colorless, or 
siightiy yellow, oily liguid at 20°, Very soluble in alcohol, in 
chloroform, and in methylene chloride; practically insoluble 
in water. NF category: Yenicle; emuisifying agent; diluent 

Propylene Glycol Monolaurate; Clear, oily liquid at 
20°. Colorless or siightiy yellow. Very soluble in alcohol, in 
methanoi, and in methylene chloride; practically insoluble in 
water. NF category: Emollient; emuisifying agent. 

Propylene Glycol Monostearate: White, wax-Iike solid 
or as white, wax-]ike beads or flakes. Has a slight, agreeable, 
fatty odor and taste. Soluble in organie solvents sucn as 
alcohol, minerał or fixed oils, benzene, ether, and acetone; 
insoluble in water, but may be dispersed in hot water with 
the a id of a smali amount of soap or other suitabfe surface- 
active agent NF category: Emuisifying agent. 

PropyIhexedrrne: Clear, colorless liguid, having a char- 
acteristic, amine-like odor. Vo!atilizes slowly at room temper¬ 
atura. Absorbs carbon dioxide from the air, and its Solutions 
are alkaline to litmus. Boils at about 205*. Very siightiy solu¬ 
ble in water. Miscible with alcohol, with chloroform, and 
with ether. 


Propyl iodone: White or almost white, crystalline pow¬ 
der, Is odorfess or has a faint odor. Soluble in acetone, in 
alcohol, and in ether; practically insoluble in water. 

Propylparaben: Smali, colorless crystals or white pow¬ 
der. Freely soluble in alcohol and in ether; siightiy soluble in 
boiling water; very siightiy soluble in water. NF category: 
Antimicrobial preservative* 

Propylparaben Sodium: White powder. Is odorless and 
hygroscopfe* Freely soluble in water; sparingly soluble in al¬ 
cohol; insoluble in fixed oils, NF category: Antimicrobial pre¬ 
ser vative, 

Propylthiouracll: White, powdery, crystalline substance. 
Is staren-like in appearance and to the toucli, and has a 


bitter taste. Soluble in ammonium hydroxide and rn alka li 
hydroxides; sparingly soluble in alcohol; siightiy soluble in 
water, in chloroform, and in ether. 

Protaminę Sulfate Injection: Colorless solutton, which 
may have the odor of a preservative. 

Protaminę Sulfate for Injection; White, odorless pow¬ 
der, having the charactenstic appearance of soiids dried 
from the frozen State, 

Protein Hydrolysate Injection: Yellowish to reddish- 
amber, transparent liquid. 

Protriptyline Hydrochloride: White to yellowish pow¬ 
der. Is odorless, or has not morę than a slight odor. Melts at 
about 168°. Freely soluble in water, in alcohol, and in chlo¬ 
roform; practically insoluble in ether. 

Pseudoephedrine Hydrochloride: Fine, white to off- 
white crystals or powder, having a faint charactenstic odor. 
Very soluble in water; freely soluble in alcohol; siightiy solu¬ 
ble in chloroform. 

Pseudoephedrine Sulfate: White crystals or crystalline 
powder. Is odorless, Freely soluble in alcohol* 

Pullulan: White powder, Freely soluble in water; practi¬ 
cally insoluble in debydrated alcohol. NF category: Coatmg 
agent; piastidzer; polymer membranę; seguestering agent; 
suspending and/or viscoslty4ncreasing agent; wetting and/ 
or solubilizing agent; bulklng agent; diluent; disintegrant; 
wet binder; capsule shelf; film-forming agent 

Pu mice: Very light, hard, rough, porous, grayish masses 
or gritty, grayish powder* Is odorless and tasteiess, and is 
stable in air, Practically insoluble in water; is not attacked by 
acids. 

Pyrantel Pamoate: Yellow to tan solid. Soluble in di- 
metnyl sulfoxide; siightiy soluble in dimethylformamide; 
practically insoluble in water and in methanoi, 

Pyrazinamide: White to practically white, odorless or 
practically odorless, crystalline powder. Sparingly soluble m 
water; siightiy soluble in alcohol, in ether, and in chloro¬ 
form* 

Py ret brum Extract: Pale yellow liguid having a bland, 
flowery odor. Soluble in minerał oit and in most organie 
solvents; insoluble in water. Fyrethrins / denotes the group 
containing pyrethnn 1, cinerin 1, and jasmolin 1; Pyrethnns 
tl denotes the group containing pyrethrin 2, cinerin 2, and 
jasmolin 2* 

Pyridostigmine Bromrde: White or practically white, 
crystalline powder, having an agreeable, characteristic odor. 
is hygroscopic. Freely soluble in water, in alcohol, and in 
chloroform; siightiy soluble in solvent hexane; practically in¬ 
soluble in ether. 

Pyndoxine Hydrochloride: White to practically white 
crystals or crystalline powder, Is stable in air, and is slowly 
affected by sunlight. Its Solutions have a pH of about 3. 

Freely soluble in water; siightiy soluble in alcohol; insoluble 
in ether. 

Pyrilamine Maleate: White, crystalline powder, usually 
havinq a faint odor. Its Solutions are acid to litmus. Very 
solubfe in water; freely soluble in alcohol and in chloroform; 
siightiy soluble in ether and in benzene. 

Pyrimethamine: White, odorless, crystalline powder. 
Siightiy solubfe in acetone, in alcohol, and rn chloroform; 
practically insoluble in water. 

Pyrvinium Pamoate: Bright orange or orange-red to 
practically black, crystalline powder. Freely soluble in gfacial 
acetfe acid; siightiy solubfe rn chloroform and in methoxy- 
ethanol; very siightiy soluble in methanoi; practically insolu¬ 
ble rn water and in ether* 

Pyrvinium Pamoate Orał Suspension: Dark red, 
opaque suspension of essentialfy very flne, amorphous parti- 
des or aggregates, usually less than 10 (im in size, Larger 
particles, some of which may be crystals, up to 100 pm in 
size also may be present. 
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Quazepam: Off-white to yellowish powder. 

Quetiapine Fumarate: Wbite to off-white crystalline 
powder. Soiuble in OJ N hydrochloric acid; siightly solubie 
m water; in alcohol, and in methanol. 

Quinapril Hydrochloride: White to off-white powder, 
with a pink cast at tirnes. Freely solubie in aqueous solvent$. 

Quinidine Gluconate: White powder- Is odorless and 
has a very bitter taste. Freely solubie in water; siightly solu¬ 
bie in alcohol. 

Quinidine Sulfate: Fine, needte-like, white crystals, fre- 
quentfy cohering in masses, or fine, white powder. is 
odorless, and darkens on exposure to light. Its Solutions are 
neutral or alkaline to litmus. Solubie In alcohol; sparingly 
solubie in chloroform; slightfy solubfe in water; insoiuble in 
ether. 

Quinine Sulfate: White, fine, need!e-like crystals, usually 
lusterless, making a light and readify compressible mass. Is 
odorless. ft darkens on exposure to light Its saturated soJu* 
tion is neutral or alkaline to litmus. Freely soiuble in alcohol 
at 80°, and in a mixture of 2 volumes of chloroform and 1 
volume of dehydrated alcohol; sparingly solubie in water at 
100 p ; siightly solubie in water, in alcohol, and in chloro¬ 
form; very siightly solubie in ether. 

Rabies Immune Globulin: Transparent or siightly opal- 
escent liquid, practically colorless and practically odorless. 
May develop a slight, gran u far deposit d u ring storage, 

Rabies Vaccine: White to straw-colored, amorphous 
pellet, whtch may or may not become fragmented when 
shaken. 

Racemethiomne: Almost white, crystalline powder or 
smali flakes. Sparingly solubie in water; very siightly solubie 
in alcohol. 11 dissolves in dilute acids and in dilute Solutions 
of a tka li hydroxides. It melts at about 270°. NF categary: 
Antioxidant; pH modifier (acidifying agent/alkalizing agent/ 
buffering agent); flavors and f rag rance. 

Racepinephrine: White to nearly white, crystalline, 
odorless powder, gradually darkening on exposure to ficht 
and air. With acids, it forms salts that are readily solubie in 
water, and the base may be recovered by the addition of 
ammoniunn hydroxide. Very siightly solubie in water and in 
alcohol; insoiuble in ether, in chloroform, and in fixed and 
volatile oils. 

Racepinephrine Hydrochloride: Fine, white, odorless 
powder, Darkens on exposure to light and air. Its Solutions 
are acid to litmus, Melts at about 157°. Freely soiuble in 
water; sparingly soiuble in alcohol, 

Raloxifene Hydrochloride: Almost white to pale yeilow 
powder. Freely soiuble in dimethylsulfoxide; siightly soiuble 
to sparingly soiuble in methanol; practically insoiuble to very 
siightly soiuble in water; practically insoiuble in ether and in 
ethyl acetate. 

Ramiprif: White to almost white crystalline powder. 
Freely soiuble in methanol; sparingly soiuble in water, 

Ranitidine Hydrochloride: White to pale yeilow, crys¬ 
talline, practically odorless powder. Is sensitive to light and 
moisture. Mdts at about 140°, with decomposition. Very 
soiuble in water; sparingly soiuble in alcohol. 

Fully Hydrogenated Rapeseed Oil: White, waxy solid. 
Insoiuble in water and in alcohol. NF category: Coating 
agent; stlffening agent 

Superglycerinated Fully Hydrogenated Rapeseed Oil: 
White solid. Insoiuble in water and in alcohol. NF category: 
Coating agent; emulsifying agent; stiffening agent. 

Purified Rayon: White, lustrous or duli, fine, soft, frla- 
mentous fi bers, appearing under the microscope as rourd, 
ovaf, or siightly flattened translucent rods, straight or 
erimped, striate and with serrate cross-sectional edges. Is 
practically odorless and practically tasteless. Very soiuble in 
ammoniated cupric oxiae TS and in dilute suifuric acid (3 in 
5); Insoiuble in ordinary solvents. 


Repaglinide: White to off-white solid. Melts at about 
132° to 1 3 6°. Soiuble in methanol. 

Reserpine: White or pale buff to siightly yellowish, 
odorless, crystalline powder. Darkens slowly on exposure to 
light, but morę rapldly when in solution. Freely soiuble in 
acetic acid and in chloroform; siightly solubfe in benzene; 
very siightly soiuble in alcohol and in ether; insoiuble in 
water. 

Resorcinol: White, or practically white, Eieedle-shaped 
crystals or powder. Has a faint, characteristic odor and a 
sweetish, followed by a bitter, taste. Acguires a pink tint on 
expo$ure to light and air. its solution (1 In 20) is neutral or 
acid to litmus. Freely soiuble in water, in alcohol, in glyc- 
erin, and in ether; slightfy soiuble in chloroform. 

Ribavirin: White, crystalline powder. Freely soiuble in 
water; siightly soiuble in dehydrated alcohol. 

Riboffavrn: Yeilow to orange-yellow, crystalline powder 
having a slight odor. Melts at about 280°. Its saturated solu¬ 
tion is neutral to litmus. When dry, it is not appreciably 
affected by diffused light, but when in solution, light in- 
duces quite rapicl deterioration, especially in the presence of 
alkalies. Soiuble in difute Solutions of alkalies; very siightly 
soiuble in water, in alcohol, and In isotonic sodium chloride 
solution; insoiuble in ether and in chloroform. 

Riboflavln 5'-Phosphate Sodium: Fine, orange-yellow, 
crystalline powder, having a slight odor. Sparingly soiuble in 
water. When dry, it is not affected by diffused light, but 
when in solution, light induees deterioration rapldly. Is hy- 
groscopic. 

Rifabutin: Amorphous redwiolet powder. Solubfe in 
chloroform and in methanol; sparingly soiuble in alcohol; 
very siightly soiuble in water, 

Rifampfn: Red-brown, crystalline powder. Freely soiuble 
in chloroform; soiuble in ethyl acetate and in methanol; very 
siightly solubie in water. 

Rifuzole: White to siightly yeilow powder or crystalline 
powder. Freely soiuble in aceton itrile, m alcohol, and in 
methylene chloride; siightly soiuble in hexane; very siightly 
soiuble in water. 

Rimexofone: White to off-white powder. Freely soiuble 
in chloroform; sparingly solubie in methanol. 

Risedronate Sodium: White to off-white powder. Solu¬ 
bie in water and in aqueous Solutions; insoiuble in common 
organie solvents. 

Risperidone: White or almost white powder, Soiuble in 
methylene chloride; sparingly solubie in alcohol; practically 
insoiuble in water. 

Ritodrine Hydrochloride: White to nearly white, 
odorless or practically odorless, crystalline powder. Melts at 
about 200*. freely soiuble in water and in alcohol; soiuble 
in n-propyl alcohol; practically insoiuble in ether. 

Ritonavir: White to light tan powder Freely solubie in 
methanol and In methylene chloride; very siightly soiuble in 
acetonitrile; practically insoiuble in water. 

Rwastigmme Tartrate: White to off-white powder. Very 
soiuble in water and in methanol; very siightly soiuble in 
ethyl acetate. 

Rizatriptan Benzoate: White to almost white crystalline 
powder, Soiuble In water; sparingly soiuble in alcohol; 
siightly soiuble in methylene chloride. 

Rocuronium Bromide: Almost white or pale yeilow, 
Siightly hygroscopic powder. Freely soiuble in water and in 
dehydrated alcohol. 

Ropmirole Hydrochloride: Pale cream to yeilow pow¬ 
der. Soiuble in water. 

Ropivacaine Hydrochloride: White, crystalline powder. 
Soiuble in water. 

Rosę Oil: Colorless or yeilow liquid, havtng the charac¬ 
teristic odor and taste of rosę. At 25° ts a viscous liquid. 

Upon gradual cooling, changes to a translucent, crystalline 
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mass, easily IEquefied by warmmg. NF cotegory: Flavors and 
frag rance. 

Rosę Water Ointment: NF category: Ointment base, 

Stronger Rosę Water: Practically colorless and elear, 
having the pleasant odor and taste of fresh rosę blossoms. Is 
free from empyreuma, mustiness, and fungal growths. NF 
category; Flavors and fragrance. 

Rosiglitazone Maleate: White to off-white solid, Spar¬ 
ingly soluble En alcohol; slightly soluble In methylene chlo- 
ride; practically Insoluble to very slightly soluble in water. 

Roxarsone: Pale yellow, crystalline powder. Freely solu¬ 
ble in acetic add, in acetone, in alkalies, in methanol, and in 
dehydrated akohof; soluble in boiling water; sparingly solu¬ 
ble in dilute minerał adds; slightly soluble in cold water; 
insoluble in ether and in ethyl acetate. Puffs up and defla- 
grates on heating. 

Rubella Virus Vaccine Live: Solid having the character- 
istie appearance of substances dried from the frożen State, 
Undergoes loss of potency on exposure to sunlight. The 
Vaccine is to be constituted with a suitabfe dlluent just prior 
to use. 

Rufinamide: White, crystalline neutral powder, Slightly 
soluble in tetra hydrofora n and in methanol; very slightly sol¬ 
uble in alcohol and in acetonitrile; practically insoluble in 
water. 

Saecharin: White crystals or white, crystalline powder. 

Is odorless or Has a faint, aromatic odor. In dilute solution, it 
is intensefy sweet, lis Solutions are acid to fitmus, Soluble In 
boiling water; sparingly soluble in alcohol; slightly soluble in 
water, in chloroform, and in ether Is readily dlssolved by 
dilute Solutions of ammonia, by Solutions ot alkali hydrox- 
ides, and by Solutions of alkali carbonates with the evolution 
of carbon dioxide. NF cotegory: Sweetening agent 

Saecharin Caldum: White crystals or white, crystalline 
powder, Is odorless, or has a faint, aromatic odor, and has 
an intensefy sweet taste even tn dilute Solutions. Its dilute 
solution is about 300 times as sweet as sucrose. Freely solu¬ 
ble in water. NF cotegory: Sweetening agent. 

Saecharin Sodium: White crystals or white, crystalline 
powder. Is odorless, or has a faint, aromatic odor, and has 
an fntensely sweet taste even in dilute Solutions, its dilute 
solution is about 300 times as sweet as sucrose. When in 
powdered form, it usually contains about one-third the the- 
oretical amount of water of hydration as a result of efflores- 
cence. Freeiy soluble in water; sparingly soluble in alcohol. 
NF cotegory: Sweetening agent. 

Saecharin Sodium Orał Solution: Clear, colorless, 
odorless liquid, having a sweet taste. 

Safflower OH: Ught yellow oil. Thickens and becomes 
rancid on prolonged exposure to air. Insoluble in water. 
Miscible with ether and with chloroform. NF category: Vehh 
cle (oleaginous); emollient; solvent, 

Saiicylamide: White, practically odorless, crystalline 
powder. Freely soluble in ether and in Solutions of alkalies; 
soluble tn alcohol and in propyfene glycol; slightly soluble in 
water and in chloroform. 

Salkyłk Add: White crystals, usually in fine needles, or 
fluffy, white, crystalline powder. Has a sweetish, followed by 
an acrid, taste and is stable in air. The synthetic form is 
white and odorless, When p repa red from na tu rai m ethyl sa¬ 
li ty late, it may have a slightly yellow or pink tint, and a 
faint, mlnMlke odor. Freely soluble in alcohol and in ether; 
soluble in boiling water; sparingly soluble in chloroform; 
slightly soluble in water and in benzene. 

Safmetero! Kinafoate: White to off-white powder. Sol¬ 
uble in methanol; slightly soluble in alcohol, In isopropanol, 
and in chloroform; practically insoluble m water (pH 8), and 
in salinę solution (0.9% w/w}. 

Scopoiarmne Hydrobromide: Colorless or white crys¬ 
tals or white, granulat powder. Melts at about 197°, with 
decomposition. Is odorless, and slightly efflorescent in dry 


air. Freely soluble in water; soluble In alcohol; slightly solu¬ 
ble in chloroform; insoluble in ether, 

Secobarbital: White, amorphous or crystalline, odorless 
owder, having a slightly bitter taste, Its saturated solution 
as a pH of about 5.6. Freely soluble in alcohol, in ether, 
and in Solutions of fixed alkali hydrGxides and carbonates; 
soluble in chloroform; very slightly soluble in water. 

Secobarbital Sodium: White powder. Is odorless, has a 
bitter taste, and is hygroscopfc. Its Solutions decompose on 
standing, heat aceelerating the decomposition. Very soluble 
in water; soluble in alcohol; practically insoluble in ether, 

Selegiline Hydrochlonde: White, odorless, crystalline 
powder. Freely soluble in water, in chloroform, and in meth¬ 
anol. 

Selenium Sulfide: Reddish-brown to bright orange 
powder, having not morę than a faint odor. Practically insol¬ 
uble in water and in organie solvents. 

Sennosides: Browmsh powder. 

Senne: White, odorless crystals, having a sweet taste. 
Soluble in water; practically insoluble in absolute alcohol 
and in ether. 

Sertralme Hydrochloride: White or off-whtte crystalline 
powder. Sparingly soluble or slightly soluble in absolute al- 
cohol; slightly soluble in water and tn isopropanol; and 
slightly or very slightly soluble in acetone. 

Sesame Oli: Pale yellow, oily liauid. Is practically 
odorless, and has a bland taste. Slightly soluble in alcohol. 
Misdble with ether, with chloroform, with solvent hexane, 
and with carbon disulfide. NF categoiy: 5olvent, vehicle {ole¬ 
aginous). 

Sevoflurane: Clear, colorless, volatiłe, nonflammable 
liguid. Slightly soluble in water. Misdble with alcohol, with 
chloroform, and with ether. 

Sheilac: Orange Sheliac— Thin, hard, brittle, transparent, 
pale lemon-yellow to brownish orange flakes, having little or 
no odor; Bieoched Shelioc —Gpaque, amorphous cream to 
yellow granules or coarse powder, having little or no odor, 
Soluble (very slowly) in alcohol, 85% to 95% (w/w), tn 
ether, 13% to 15%, in benzene, 10% to 20%, in petroleum 
ether, 2% to 6%; soluble in aqueous Solutions of ethano- 
lamines, alkalies, and bora*; sparingly soluble in oil of tur- 
pentine; insoluble in water NF cotegory: Coating agent; 
film-fomning agent; release-modifying agent 

Sibutramine Hydrochloride Monohydrate: White to 
cream crystalline powder. Slightly soluble in pH 5.2 water 

Sildenafil Cltrate: White or almost white slightly hygro- 
scopic crystalline powder. Slightly soluble in water and in 
methanol; practically insoluble in hexane. 

Dental-Type Silica: Fine, white, hygroscopie, odorless, 
amorphous powder, in which the diameter of the average 
partides ranges between 0.5 and 40 um. Soluble in hol 
Solutions of alkali hydroxides; insoluble in water, in alcohol, 
and in acid (excepl hydrofluoric acid). NF category: GIEdant 
and/or antka king agent; suspending and/or viscosity-in- 
creaslng agent. 

Hydrophobic Colloidat Sifica: Light, fine, white or al¬ 
most white, amorphous powder, not wettable by water. Dis- 
solves slowly in hot Solutions of alkali hydroxide$. Practically 
insoluble in water and in minerał acids, except hydrofluoric 
acid. NF category: Glidant and/or anticaking agent; sus¬ 
pending and/or vtscosity-increasing agent. 

Purified Sllkeous Earth: Very fine, white, light gray, or 
pale buff mlxture of amorphous powder and lesser amounts 
of crystalline polymorphs, including quartz and cristobalite, 

Is gntty, readily absorbs moisture, and retains about four 
times its weignt of water without becomlng fluid. Insoluble 
in water, in acids, and in dilute Solutions orthe alkali hy- 
droxides. NF cotegory: Fiitering aid; sorbent. 

Silicon Dioxide: Fine, white, hygroscopie, odorless, 
amorphous powder, in which the diameter of the average 
partides ranges between 2 and 10 pm. Soluble in hot solu- 
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tions of alkafi hydroxides; insoluble in water, tn alcohol, and 
in other organie solvents. NF category: Desiccant; sus- 
pending and/or viscosity-mcreasing agent. 

Colloidal Silicon Dtoxide: Light, white, nongritty pow- 
der of extremely flne particie size (about 15 nm). Solubie in 
hot Solutions of alkali iiydroxrdes; insoluble in water and in 
acid (except hydrofluoric). NF category: Glidant and/or antl- 
caking agent; suspending and/or viscosEty-increasing agent; 
disintegrant 

Silver Nitrate: Colorless or white crystals, The pH of its 
Solutions is about 5.5. On exposure to light in the presence 
of organie matter, it becomes gray or grayish black. Very 
solubie in water and even morę so In boiling water; freely 
solubie in boiling alcohol; sparingly solubie tn alcohol; 
slightiy solubie in ether, 

Toughened Silver Nitrate: White, crystalllne masses 
enerafly moided as pencils or cones. It breaks with a fr- 
rous fracture. Its Solutions are neutral to litmus. It becomes 
gray or grayish black upon exposure to iight. Solubie in 
water to the extent of its nitrate eon tent (there is a Iways a 
residue of sl!ver chloride); partially sotuble in alcohol; slightiy 
solubie in ether. 

Simethicone: Translucent, gray, viscous fluid. The WąSió 
phase is sotuble in chloroform, in ether, and in benzene, but 
Silicon dioxide remarns as a residue in these soivents. Insolu- 
bte In water and in alcohol. NF category: Antlfoaming agent; 
water-repelling agent; diluent 

Simvastatin: White to off-white powder, Freely solubie 
in chloroform, in methanol, and in alcohol; sparingly solubie 
in propytene glycol; very sfightty solubie sn hexane; practk 
caily insoluble In water. 

Sitagliptin Phosphate: White or almost white powder, 
Solubie in water; very sllghtfy solubie In anhydrous ethanol; 
practically insoluble In heptane. 

Smallpox Vacdne: L'tquid Vaccine is a turbld, whitish to 
greenish suspensEon, which may have a sllght odor due to 
the antimicrobiaf agent. Dried Vaccine is a yellow to grayish 
pellet, which may or may not become fragmented when 
shaken. 

Soda Limę: White or graytsh-wbite granules. May have 
a color tf an indicator Has been added. NF category: Sorbent, 
carbon dioxide. 

Sod rum Acetate: Colorless, transparent crystals, or 
white, gra nul ar crystalllne powder, or white flakes. ts 
odorless or has a faint acetous odor, and has a slightiy bit- 
ter, salinę taste, Is efflorescent In warm, dry air. Very solubie 
in water; solubie in alcohol. NF category: Flavors and fra- 
g rance; pH modifier (addifying agent/aIkalizing agent/buf¬ 
fering agent); antimicrobiaf preservative; transfer lig and. 

Sodium Alginate: Practically odorless and tasteless, 
coarse or fine powder, yellowish white in color. Solubie in 
water, forming a yiscous, colloidal solution; insoluble in al¬ 
cohol and In nydroalcohollc Solutions in which the afcoho! 
eon tent is greater than about 30% by weight, in chloro¬ 
form, in ether, and in acids when the pH of the resulting 
solution becomes lower than about 3, NF category: Sus- 
pending and/or yiscostty-increasing agent; film-forming 
agent; release-modifying agent; disintegrant; wet binder. 

Sodium Ascorbate: White or very faintly yellow crystals 
or crystalllne powder. Is odorless or practically odorless. Is 
re[ativefy stable in a Er. On exposure to light it graduafly 
darkens, Freefy solubie in water; very slightiy solubie in alco¬ 
hol; insoluble in chloroform and in ether, NF category: Anti- 
oxidant. 

Sodium Benzoate: White, odorless or practicalfy 
odorless, granular or crystalllne powder. Is stable in air. 

Freely solubie in water; solubie in 90% alcohol; sparingly 
solubie in alcohol. NF category: AntimlcrobEal preservative; 
lubricant. 

Sodium Bicarbonate: White, crystalllne powder. fs sta¬ 
ble in dry air, but slowly decomposes in moist air. Its Solu¬ 
tions, when freshly prepared with coid water, without shak- 


ing, are alkafine to Iftmus, The alkalinity inereases as the 
Solutions stand, as they are agitated, or as they are heated. 
Solubie In water; insoluble in alcohol. NF category: pH modi¬ 
fier (addifying agent/alkalizing agent/buffering agent), 

Sodium Bisulfite: White, erystalfine powder, Freely sofu- 
bfe in cold water and in hot water; sparingly solubie in alco¬ 
hol. NF category: AntIoxldanL 

Sodium Borate: Colorless, transparent crystals or white, 
crystalllne powder. is odorless. Its Solutions are alkalfne to 
phenolphthaleln TS, As it effloresces En warm, dry air, the 
crystals are often coated with white powder. Freely solubie 
in boiling water and in glycerin; sotuble in water; insoluble 
in alcohof. NF category: pH modifier (addifying agent/alkaliz- 
inq aqent/bufferinq aaent); antimicroblal preservative; emul- 
sifying agent. 

Sodium Bromide: White, crystalllne powder or color¬ 
less, cubical crystals. Freely solubie In water; solubie tn alco¬ 
hol. 

Sodium Butyrate: Clear, colorless, hygroscoplc powder. 
Solubie in water and in methanol. Melting rangę is about 
250 D to 253°, 

Sodium Caprytate: A white, crystalllne powder. Very 
solubie or freefy solubie in water; freely solubie in acetic 
acid; sparingly solubie in alcohol; practically insoluble in ace- 
tonę. 

Sodium Carbon ate: Colorless crystals, or white, crystal- 
Itne powder or granules. Is stable in air under ordinary cort- 
ditions. When exposed to dry air above 50°, the hydrous 
salt effloresces and, at 100°, becomes anhydrous, Very solu- 
ble in boiling water; freely solubie in water, NF category: pH 
modifier (addifying agent/alkalizing agent/buffering agent). 

Sodium Cetostearyf Sulfate: A white or pale yellow, 
amorphous or crystalllne powder. Solubie In hot water giw 
Ing an opalescent solution; slightiy solubie in alcohol; practi¬ 
cally insoluble Sn cold water. NF category: Emulsifying agent. 

Sodium Chloride: Colorless, eubre erystafs or white 
crystalllne powder. Has a salinę taste. Freely solubie in 
water; solubie in glycerin; slightiy solubie in alcohol. NF cat¬ 
egory: Tonrcity agent; diluent. 

Sodium Chloride Inhafation Solution: Clear, colorless 
solution, 

BacEeriostatk Sodium Chloride Injection: Clear, color¬ 
less solution, odorless or having the odor of the bacteno- 
static substance. NF category: Vehicle (sterile). 

Sodium Chloride Irrigation: Clear, colorless solution, 

Sodium Citrate: Colorless crystals, or white, crystalllne 
powder. Hydrous form very solubie in boiling water; freely 
solubie in water; insoluble in alcohol, NF category: pH modi¬ 
fier (addifying agent/alkalizing agent/buffering agent); se- 
questering agent; transfer figand. 

Sodium Citrate and Citric Acid Ora! Solution: Clear 
solution having the color of any added preservative or fta- 
vorIng agents. 

Sodium Dehydroacetate: White or practically white, 
odorless powder, having a slight characteristic taste, Freely 
solubie In water, in propylene glycol, and In glycerin, NF 
category: Antimicroblal preservative. 

Sodium Fluorfde: White, odorless powder, Solubie In 
water; insoluble En alcohol. 

Sodium Formaldehyde 5ulfoxylate: White crystals or 
hard, white masses, having the characteristic odor of garltc. 
Freely solubie in water; slightiy solubie in alcohol, in ether, 
in chloroform, and in benzene. NF category: Antioxidant, 

Sodium Hydroxide: White, or practically white, fused 
masses, in smali pellets, in flakes, or sticks, and in other 
forms, Is hard and brittle and shows a cmtalJine fracture. 
Exposed to the air, It rapidly absorbs carbon dtoxide and 
moisture. Freely soiuble In water and in alcohol. NF cote- 
gory: pH modifier (addifying agent/alkalizing agent/buffer¬ 
ing agent). 




USP 40 


Reference Tobfes / Description and Relative Solubility 2503 


Sodium Hypochlorite Solution: Clear, pale greenish- 
yellow liquid, having the odor of chłonne* Is affected by 
light. 

Sodium iodide: Colorless, odoriess crystals, or wbite, 
crystalline powder. Is dehquescenl in moist air, and develops 
a brown tint upon decomposition. Very soluble in water; 
freely soluble in alcohol and in glycerin* 

Sodium Lactate Solution: Clear, colorless or practically 
colorless, slightly viscous figuid, odoriess or having a słight, 
not unpleasant odor* Miscible with water. NF category: pH 
modifier (addifying agent/alkalizing agent/buffering agent), 
antimicrobial preservative; humectant; flavors and fragrance* 

Sodium Laury! Sulfate: Smali, wbite or light yelfow 
crystals having a sltght, characteristic odor* Freely soluble in 
water, forming an opalescent solution. NF category : Emulsi- 
fying agent; lubricant; wetting and/or solubilizing agent. 

Sodium Metabrsulfite: Wbite crystals or wbite to yel- 
lowish, crystalline powder, having the odor of suffur dioxide. 
Freely soluble in water and in glycerin; slightly soluble in 
alcohol. NF category: Antioxidant; antimicrobial preservative. 

Sodium Monofiuorophosphate; Wbite to slightly gray, 
odoriess powder* Freely soluble in water. 

Sodium Nitrite: White to slightly yellow, granular pow- 
der, or white or practically wbite, opaćjue, fused masses or 
stkks. Has a mila, salinę taste and is deliquescent in air* Its 
Solutions are aikaline to litmus. Freely soluble in water; spar- 
ingly soluble in alcohol* 

Sodium Nitrite Injection: Clear, colorless liquid. 

Sodium Nitroprusside: Reddish-brown, practically 
odoriess, crystals or powder. Freely sofuble in water; slightly 
soluble in alcohol; very slightly soluble in chloroform; insolu- 
ble in benzene. 

Dibasic Sodium Phosphate (dried): White powder that 
readily absorbs moisture* Freeiy solubfe in water; insoluble in 
alcohol* NF category: pH modifier (acidffying agent/alkalizing 
agent/buffering agent); chelating and/or comp!exing agent. 

Dibasic Sodium Phosphate (heptahydrate): Colorless or 
white, granular or caked salt* Effloresces in warm, dry air. Its 
Solutions are alkalinę to phenolphthaiein TS, a 0.1 M solu¬ 
tion havinq a pH of about 9. Freely soluble in water; very 
slightly soluble In alcohol. NF category: Buffering agent. 

Monobasic Sodium Phosphate: Colorless crystals or 
white, crystalline powder. Is odoriess and is slightly deliques- 
cent* Its Solutions are acid to litmus and efferveste with so¬ 
dium carbonate, Freely soluble in water; practically insoluble 
in alcohol. NF category: pH modifier (acidifying agent/alkaliz¬ 
ing agent/buffering agent); chelating and/or complexing 
agent. 

Tribasic Sodium Phosphate: The formula for a crystal¬ 
line materiał is approximately 4(NajP04 * 12H 2 0)Na0H. It 
occurs as white, odoriess crystals or granules or as a oystal- 
linę powder. Freely soluble in water; Insoluble in akohol* 

The pH of a 1 in 100 solution is between 11*5 and 12.0* 

Sodium Picosuffate: White or almost white crystalline 
powder, Freely soluble in water; slightly soluble in alcohol* 

Sodium Polystyrene Sulfon a te: Colden brown, fine 
powder* Is odoriess and has a characteristic taste, Insoluble 
Sn water. 

Sodium Propionate: Colorless, transparent crystals or 
granular, crystalline powder* Is odoriess, or has a faint ace- 
tic-butyric odor and is deliguescent in moist air. Very soluble 
in water; soluble in alcohol. NF category: Antimicrobial pre- 
servative. 

Sodium Salicyfate; Amorphous or microcrystafline pow¬ 
der or scales. is colorless, or has not morę than a faint, pink 
tinge, ls odoriess, or has a faint, characteristic odor, and is 
affected by light* A freshly madę solution (1 in 10) is neutral 
or acid to litmus. Very soluble in boiling water and in boil- 
Ing alcohol; freely (and slowly) soluble in water and in glyc¬ 
erin; slowly soluble in alcohol. 


Sodium Starch Gtycolate: White, tasteless, odoriess, 
relatively free-flowing powder; avaifable in severaf different 
viscosity grades. A 2% (w/v) dispersion in cold water settles, 
on standing, in the form of a highly hydrated layer. NF cate * 
góry; Disintegrant. 

Sodium Sfearate: Fine, white powder, soapy to the 
touch, usually havlng a slight, tallow-like odor. is affected by 
light. Its Solutions are aikaline to phenolphthaiein TS* Slowly 
soluble in cold water and in cold alcohol; readily soluble in 
hot water and in hot akohol. NF category : Emufsifying 
agent; glidant and/or anticaking agent; stlffening agent; tu* 
biicant 

Sodium Stearył Fumarate: Fine, white powder. Slightly 
soluble in methanot; practically insoluble rn water* NF cate¬ 
gory: Lubricant. 


Add ihe fotiowing: 

A Sodium Succinate: White crystals or white powder. 
Freely soluble In water. NF category: Flavors and fragrance; 
pH mod}fier. AWW 

Sodium Sulfate: Large, colorless, odoriess, transparent 
crystals, or a granular powder. Effloresces rapidly in air, !iq- 
uefies in its water of hydration at about 33°, and loses all of 
its water of hydration at about 100°. Freely soluble in water; 
soluble in glycerin; insoluble in akohol. 

Sodium Sulfite: Colorless crystals. Freely solubfe in 
water; very slightly soluble in akohol. NF category: Antioxi- 
dant; antimicrobial preservative* 

Sodium Tartrate: Transparent, colorless, odoriess crys¬ 
tals, Freely soluble in water; insoluble in alcohol, NF cate¬ 
gory: Sequestering agent; transfer ligand. 

Sodium Thiosulfate: Large, colorless crystals or coarse, 
crystalline powder. Is deltquescent in moist air and efflo¬ 
resces in dry air at temperatures exceeding 33°* Its Solutions 
are neutral or faintly aikaline to litmus* Very soluble in water; 
insoluble in alcohol NF category: Antioxidant 

Sorbit Acid: Free-flowing, white, crystalline powder, 
havinq a characteristic odor* Soluble in alcohol and in ether; 
slightly soluble in water, NF category: Antimicrobial preserva- 
live. 

Sorbitan Monolauratę: Yellow to amber-colored, oily 
liguid, having a bland, characteristic odor. Soluble in min¬ 
erał oil; slightly soluble In cottonseed oif and In ethyl ace¬ 
tale; insoluble In water. NF category: Emulsifying agent; lu¬ 
bricant; suspending and/or viscosity-increaslng agent; 
wetting and/or solubilizing agent, 

Sorbitan Monooleate: Viscous, yellow to amber- 
colored, oily liguid, having a bland, characteristic odor. In- 
soluble in water and in propylene glycol. Miscible with min¬ 
erał and vegetab!e oils. NF category: Emulsifying agent; lubri¬ 
cant; suspending and/or Yiscosity-increasing agent; wetting 
and/or solubilizing agent* 

Sorbitan Monopaimitate: Cream-colored, waxy solid 
havtng a faint fatty odor, Soluble in warm absolute akohol; 
soluble, with haze, in warm peanut oil and En warm minerał 
oil; insoluble in water. NF category: Emufsifying agent; lubri¬ 
cant; suspending and/or viscosity-increasing agent; wetting 
and/or solubilizing agent. 

Sorbitan Monostearate: Cream-colored to tan, hard, 
waxy solid, having a bland odor and taste* Soluble, with 
haze, above 50 Q in minerał oil and in ethyl acetale; insoluble 
in cold water and in acetone, Dispersible in warm water. NF 
category: Emulsifying agent; lubricant; suspending and/or 
viscosity-increasing agent; wetting and/or solubilizing agent. 

Sorbitan Sesguioleate: Viscous, yellow to amber- 
colored, oily liquid, Soluble in alcohol, in tsopropyl akohol, 
in cottonseed oif, and in minerał oil; insoluble in water and 
in propylene glycol. NF category: Emulsifying agent; lubri¬ 
cant; suspending and/or viscosity-increasing agent; wetting 
and/or solubilizing agent. 
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Sorbitan Trioleate: Yellow to amber-cofored, oily liguid. 
Soluble in methyl alcohol, in alcohol, in isopropyl alcohot, in 
corn oil, in cottonseed oil, and m minerał oiI; insoluble in 
water, in ethylene glycol, and in propylene glycol. NF cate¬ 
gory: Emulsifying agent; lubricant; suspending and/or viscos- 
ity-increasing agent; wetting and/or solubilizing agent. 

Sorbitol: D-Sorbitol occurs as white granules, powcer, 
or crystalline masses. Is odorless, and has a sweet taste with 
a cold sensation. Very soiuble m water; sparingly soluble in 
alcohol; and practically insolubie rn ethyl ether Is hygro- 
scopic. NF category: Humectant; sweetening agent; diluent; 
plasticizer, 

Sorbitol Solution: Cleat, colorless, syropy liquid. fs 
odorless and has a sweet taste. It someflmes separates into 
crystalline masses. Miscible with water, with alcohol, with 
glycerin, and with propylene glycol. Is neutral to lifmus. NF 
category: Sweetening agent; uehi de (flavored and/or sweet- 
ened). 

Sorbitol Sorbitan Solution: A elear, colorless to pale 
yellow, syrupy liquid. Is odorless and has a sweet taste. In- 
soiuble in minerał oU and in vegetable oil. Miscible with 
water, with alcohol, with glycerin, and with propylene gly- 
col. NF category: Humectant; plasticizer, 

Sotalol Hydrochloride: White to off-white powder. 
Freely soluble in water; soluble in alcohol; very slightly solu¬ 
ble in chloroform. 

Soybean Oil: Clear, pale yellow, oily liquid havlng a 
characteristk odor and taste, Insoluble in water. Miscible 
with ether and with chloroform. Specific Gravity (841); be- 
tween 0.916 and 0.922. RefractNe !ndex (831): between 
1.465 and 1.475. NF category: Vehicle (oleaginous); solvent. 

Hydrogenated Soybean Oil: A white mass or powder 
that mełts to a elear, pale yellow tiquid when heated. Freefy 
soluble in methyfene chloride, in hexane after heating, and 
in toluene; very slightly soluble in alcohol; practically insolu¬ 
ble in water. NF category: Emollient. 

Spectinomycin Hydrochlorlde: White to pafe-buff :rys- 
talline powder. Freely soluble in water; practically Insoluble 
tn alcohol, in chloroform, and in ether. 

Spironolactone: Light cream-cofored to light tan, erys- 
talline powder. Has a famt to mild mercaptan-fike odor; is 
stable in air. Freely soluble in benzene and in chloroform; 
soluble in ethyl acetate and in alcohol; slightly soluble in 
methanol ana in fixed oils; practically insoluble in water. 

Sqnalane: Colorless, practically odorless transparent oil, 
Slightly soiuble in acetone; very slightly soluble in absolute 
alcohol; insoluble in water. Miscible with ether and with 
chloroform. NF category: Ointment base; vehide (oleagi¬ 
nous), 

Stannous Chlortde: White, crystalline powder or color¬ 
less crystals, effloreseent in air, Freely soluble in water (the 
solution becomes cloudy after stanefing or on dilution) and 
in a lcohol, Dissolves in di lute hydrochloric acid, NF category: 
Emulsifymg agent; antioxldant; reducing agent 

Stannous Fluoride: White, crystalline powder, having a 
bitter, salty taste. Meits at about 213°. Freely soiuble in 
water; practically insoluble in alcohol, rn ether, and in chlo¬ 
roform. NF category: Redudng agent. 

Stanozolol: Odorless, crystalline powder, occurring In 
two forms: as needles, melting at about 155°, and as 
prisms, melting at about 235 c , Soluble in dimethylforma- 
mide; sparingly soluble in alcohol and in chloroform; slightly 
soluble in ethyl acetate and rn acetone; very slightly soluble 
in benzene; Insoluble in water. 

Corn Starch: Irregular, angular, white masses (which 
may be bleached) or fine powaer. Is odorless, and has a 
slight, characteristk taste, Insoluble tn cold water and an al- 
cono!, NF category: Diluent; disintegrant; wet binder; sus¬ 
pending and/or viscosity-increasing agent, 

Hydroxypropyl Corn Starch: White or slightly yellowish 
powder. Practically insoluble In cold water ano in alcohol. 


NF category: Diluent; disintegrant; wet binder; emulsifymg 
agent; suspending and/or viscosity-increasmg agent. 

Pregelatinized Hydroxypropyi Corn Starch: White or 
slightly yellowish powder, It swefls in water and produces a 
elear or translucent, vi$cous, colloidal mlxture. NF category: 
Suspending and/or viscosity4ncreasing agent; diluent; dis¬ 
integrant; wet binder; emulsifying agent. 

Pea Starch: White or almost white, very fine powder. 
Practically insoluble in cold water and in alcohol. NF cofe- 
gory: Suspending and/or viscosity-increasing agent; diluent; 
disintegrant; wet binder. 

Hydroxypropyl Pea Starch: White or slightly yellowish 
powder. Practically insoluble in cold water and in alcohol, 

NF category: Suspending and/or viscosify-increasing agent; 
diluent; disintegrant; wet binder; emulsrfymg agent. 

Pregelatinized Hydroxypropyl Pea Starch: White or 
slightly yellowish powder, It swelis In water and produces a 
elear or translucent, yiscous, colloidal mixture. NF category: 
Suspending and/or viscosity~increasing agent; wet binder; 
diluent; disintegrant. 

Po tato Starch: Irregular, angular, white masses (which 
may be bleached) or fine powder. Is odorless, and has a 
slight, characteristk taste. Insoluble in cold water and in al- 
conol. NF category: Suspending and/or viscosity-lncreasing 
agent; diluent; disintegrant; wet binder. 

Hydroxypropyl Po ta to Starch: White or slightly yellow¬ 
ish powder. Practically insoluble in cold water and in alco¬ 
hol. NF category; Suspending and/or viscosify-increasing 
agent; diluent; disintegrant; wet binder; emulsifying agent. 

Pregelatinized Hydroxypropyi Potato Starch: White 
or slightly yellowish powder. It swelis in water and produces 
a elear or translucent, viscous, colloidal mixture. NF cate- 
ory: Suspending and/or wscosity-increasing agent; wet 
tnder; diluent; disintegrant. 

Pregelatinized Starch: Moderately coarse to fine, white 
to off-white powder. Is odorless and has a slight, character- 
istte taste. Slightly soluble to soluble in cold water; insoluble 
in alcohol, NF category: Wet binder; diluent; disintegrant; 
release-modifying agent, 

Pregelatinized Modified Starch: Moderately coarse to 
fine, white to off-white powder, Is odorless and has a slight, 
characteristk taste. Soluble to slightly soluble in cold water; 
insoluble in alcohol, NF category: Coating agent; diluent; 
disintegrant; wet binder; release-mpdifymg agent. 

Tapioca Starch: Irregular, angular, white to pale yellow 
masses (which may be bleached) or fine powder. Insoluble 
in cold water and in alcohol. NF category: Suspending and/ 
or viscosity-increasing agent; diluent; disintegrant; wet 
binder. 

Wheat Starch: Irregular, angular, white masses (which 
may be bleached) or fine powder. Is odorless and has a 
slight, characteristk taste. Insoluble in cold water and in al- 
conol. NF category: Suspending and/or viscosity-increasing 
agent; diluent; disintegrant; wet binder. 

Hydrogenated Starch Hydrolysate: Concentrated, 
agueous solution or spray-dried or dried powder, Very soiu¬ 
ble in water; insoluble in alcohol, NF category: Sweetening 
agent; humectant; diluent; wet binder. 

Stavudlne: White to off-white, crystalline powder. Solu- 
bie in water, in dimethylacetamide, and in dimethyl sulfox- 
ide; sparingly soluble in methanol, in alcohol, and in aceto- 
nitrile; slightly soluble in dichloromethane; insoluble rn 
hexane. 

Steark Acid: Hard, white or faintly yellowish, some- 
what glossy and crystalline solid, or white or yellowish-white 
owder. Its odor and taste are slight, suggesting tallow. 
reely soluble in chloroform and in ether; soluble in alcohol; 
practically insoluble in water. NF category: Emulsifying 
agent; lubricant, 

Purified Steark Acid: Hard, white or faintly yellowish, 
somewhat glossy and crystalline solid, or white or yellowish- 
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white powder. Its odor and taste are slight, suggesting tal- 
Iow. Fredy soluble in chloroform and in ether; soluble in 
alcohol; practically insoluble in water. NF category: Lubri- 
cant. 

Stearoyl Polyoxylglycerides; Pale yeliow, waxy solsds. 
Dispersible in warm water and in warm paraffin. Freely solu¬ 
ble in methytene chloride; soluble in warm methanol. NF 
category: Omtment base; solvent; emulslfying agent; wetting 
and/or solubilizing agent. 

Steaiyl Alcohol: Unctuous, white flakes or aranules. 

Has a faint, characteristic odor and a bland, mila taste. Solu* 
ble in alcohol and in ether; insofuble in water. NF category: 
Stiffenlng agent. 

5torax: 5emiiiqujd, grayish to grayish-brown, sticky, 
opaque mass depositing on stand ing a heavy dark brown 
layer (Levant Storax); or semlsolid, sometimes a solid mass, 
softened by gently warm ing (American 5torax). Is transpar- 
ent in thin layers, has a characteristic odor and taste, and is 
morę dense than water. Soluble, usually incompletely, in an 
eoual wefght of warm alcohol, in acetone, in carbon disul- 
fide, and in ether, some insoluble residue usually remaining; 
insofuble in water. 

S trep tomy cin Sulfate: White or practically white pow- 
der. Is odorless or has not morę than a faint odor. Is hygro¬ 
scopic, but is stable in air and on exposure to light. Its Solu¬ 
tions are add to practically neutral to litmus. Freely soluble 
in water; very slightly soluble in alcohol; practically insoluble 
in chloroform. 

Streptomydn Sulfate Injeetion: Clear, colorless to yel- 
Iow, viscous fiquid. Is odorless or has a slight odor 

Strontlum Chloride: Colorless, odorless crystals or 
white granules. Effforesces in air; deliguesces in moist air. 
Very soluble in water; soluble in alcohol. 

Succinic Acid: White, odorless crystals. Freely soluble n 
boiling water; soluble in water, in alcohol, and in glycerin. 
NF category: pH modifier (acidifying agent/a Ikalizing agent/ 
buffering agent). 

Succinylcholine Chloride: White, odorless, ery stal linę 
powder. Its Solutions have a pH of about 4. The di hydra te 
form melts at about 160°; Lhe anhydrous form melts at 
about 190°, and is hygroscopic, Freely soluble in water; 
slightly soluble in alcohol and in chloroform; practically in- 
soTubie in ether. 

Sucralose: White to off-white, crystalline powder Freely 
sofuble in water, in methanol, and in alcohol; slightly solu¬ 
ble m ethyl acetale. NF category: Sweetening agent. 

Sucrose: White, crystalline powder or lustrous, dry, col¬ 
orless or white crystals. Very soluble in water; slightly soluble 
in alcohol; practically insoluble In dehydrated alcohol. NF 
category: Coating agent; sweetening agent; diluent; sus* 
pending and/or viscosity-increasmg agent; wet binder. 

Sucrose Palmitate: White or almost white, unctuous 
powder Sparingly soluble in ethanol (96%); very slightly 
solubłe in water NF category: Suspending and/or viscosity- 
increasing agent; emulsifytng agent. 

Sucrose Octaacetate: White, practically odorless pow¬ 
der, having an intensely bitter taste. is hygroscopic. Very 
soluble in methanol and in chloroform; soluble in alcohol 
and in ether; very slightly soluble in water. NF category: Ab 
cohol denaturant. 

Sucrose Stearate: White or almost white, unctuous 
powder Sparingly soluble fn ethanol (96%); very slightly 
soluble in water NF category: Emulsifying agent; lubncant. 

Sufentanil Gtrate: White powder Freely soluble in 
methanol; soluble in water; sparingly soluble in acetone, in 
alcohol, and in chloroform. Melts between 133 a and 140°. 

Compressible Sugar: Practically white, crystalline, 
odorless powder, having a sweet taste. Is stable in air. The 
sucrose portlon of Compressible Sugar is very soluble in 
water. NF category: Sweetening agent; diluent. 


Confectioner'5 Sugar: Fine, white, odorless powder, 
having a sweet taste. Is stable in air. The sucrose portion of 
Confectioneds Sugar Is soluble In cold water Confectioner's 
Sucjar is freely soluble in boiling water NF category: Sweet* 
enfng agent; diluent; coating agent, 

Sugar Spheres; Hard, brittle, free-flowing, spherical 
masses ranging generally in size from 10- to 60-mesh. Usu¬ 
ally white, but may be colored. Solubility in water varies 
according to the sugar-to-starch ratio. NF category: Vehicle 
(solid carrier); diluent. 

SuEbactam Sodium: White to off-white, crystalline pow¬ 
der. Freely soluble tn water and in di lute acid; sparingly sol¬ 
uble in acetone, in ethyl acetale, and in chloroform, 

Sulconazole Nitrate; White to off-white, crystalline 
powder Melts at about 130°, with decomposition. Freely 
soluble in pyridine; sparingly soluble in methanol; slightly 
soluble in alcohol, in chloroform, in acetone, and in methyl¬ 
ene chloride; very slightly soluble in water, in toluene, and 
in dioxane. 

Sulfabenzamide; Fine, white, practically odorless pow¬ 
der. Soluble in alcohol, in acetone, and in sodium hydroxide 
TS; insoluble in water and in ether 

Sulfacetamide: White, crystalline powder, odorless and 
having a characteristic sour taste. tts aqueous Solutions are 
sensitive to light, and are unstable when addic or strongly 
aJkaline. Freely soluble in dilute minerał acids and in Solu¬ 
tions of potassium and sodium hydroxides; soluble In alco¬ 
hol; slightly soluble in water and rn ether; very slightly solu¬ 
ble in chloroform; practically insoluble in benzene. 

Sulfacetamide Sodium: White, crystalline powder. Is 
odorless and has a bitter taste. Freely soluble in water; spar¬ 
ingly soluble in alcohol; practically Insoluble In chloroform 
and In ether. 

Sulfadiazine: White or slightly yeliow powder. Is 
odorless or nearly odorless and is stable In air, but slowly 
darkens on exposure to light. Freely soluble in dilute minerał 
acids, in Solutions of potassium and sodium hydroxides, and 
in ammonia T5; sparingly soluble in alcohol and in acetone; 
slightly soluble in human serum at 37°; practically insoluble 
in water. 

5ilver Sulfadiazine: White to creamy-white, crystalline 
powder, odorless to having a slight odor. Is stable in air, but 
turns yeliow on exposure to light. Freely soluble in 30% 
ammonium sofution; slightly soluble in acetone; practically 
Insoluble in alcohol, in chloroform, and in ether, Decom- 
poses in moderately strong minerał adds. 

Sulfadiazine Sodium: White powder. On prolonged ex- 
posure to humid air it absorbs carbon dioxide with the liber- 
ation of sulfadiazine and becomes incompfetely soluble in 
water. Its Solutions are alkalirte to phenolphthalein. Is af- 
fected by light. Freely soluble in water; slightly soluble In 
alcohol. 

SulfadimethQxine: Practically white, crystalline powder. 
Soluble in 2 N sodium hydroxide; sparingly soluble in 2 N 
hydfochloric acid; slightly soluble in alcohol, in ether, in 
chloroform, and in hexane; practically insoluble in water. 

Sulfamethazine: White to yellowish-white powder, 
whtch may darken on exposure to light Has a slightly bitter 
taste and Is practically odorless. Soluble tn acetone; slightly 
soluble in alcohol; very slightly soluble in water and in 
ether. 

SuEfamethizoEe: White crystals or powder, havlng a 
slightly bitter taste. Is practically odorless, and has no odor 
ofnydrogen sulfide. Freely soluble in Solutions of ammo¬ 
nium, potassium, and soaium hydroxides; soluble in dilute 
minerał acids and in acetone; sparingly soluble in alcohol; 
very slightly soluble in water, in chloroform, and in ether; 
practically insoluble in benzene. 

SulfamethoxazoEe: White to off-white, practically 
odorless, crystalline powder. Freely soluble in acetone and in 
dilute Solutions of sodium hydroxfde; sparingly soluble En 
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alcohol; practically insolubfe in water, tn ether, and In chlo¬ 
roform. 

Sulfapyridine: White or faintiy yellowish-white crystals, 
granules, or powder. Is odorless or practically odorless, and 
is stable in air, but slowly darkens on exposure to light. 
Freely solubfe in dilute minera! acids and in Solutions of po- 
tassium and sodium hydroxides; sparingly soluble in ace- 
tone; slightly soluble in alcohol; very slightly soluble in 
water. 

Sulfasalazine: Bright yellow or brownish-yellow, 
odorless, fine powder. Melts af about 255°, with decompo- 
sition, Soluble in acjueous Solutions of alkali hydroxides; very 
slightiy soluble in alcohol; practically insoluble in watę u in 
etner, In chloroform, and in benzene. 

Suffathiazole: Fine, white or faintfy yellowish-white, 
practically odorless powder. Soluble in acetone, In dilute 
minerał acids, in Solutions of alkali hydroxides, and in 6 W 
ammonium hydroxide; stightly soluble in alcohol; very 
slightly soluble in water. 

Sulfinpyrazone; White to off-white powder. Soluble in 
alcohol and in acetone; sparingly soluble in dilute alkali; 
practically insolubfe in water and in solvent hexane. 

SulfisQxazole: White to slightly yellowish, odorless, 
crystalline powder. Soluble in boifing alcohol and in 3 N hy- 
drochloric add; very slightly soluble in water. 

Sulfisoxazole Acetyl: White or slightly yellow, crystal- 
line powder. Sparingly soluble in chloroform; slightly soluble 
in alcohol; practically insoluble in water. 

Precipitated Sulfur: Very fine, pale yellow, amorphous 
or microcry stal linę powder. Is odorless and tasteless. very 
solubfe in carbon dlsulftde; slightly soluble in olive oil; very 
slightly soluble in alcohol; practically insoluble in water. 

Sublimed Sulfon Fine, yellow, crystalline powder, hav- 
ing a faint odor and taste. Sparingly soluble in o!ive oil; 
practically insoluble in water and in alcohol. 

Sulfur Dioxide: Colortess, nonflammable gas, possess- 
ing a strong, suffocating odor characteristic of burning suh 
fur. Under pressure, it condenses readily to a colorless liguid 
that boils at -10° and has a density of approximately 1.5. At 
20° and at standard pressure, approximately 36 volumes 
dissolve In 1 volume of water and approximately 114 
volumes dissolve in 1 volume of alcohol. Soluble also in 
ether and in chloroform. NF category: Antioxidant; antiml- 
crobial preservative, 

Sulfuric Acid: CJear, colorless, oily liguid. Miscible with 
water and with alcohol with the generation of much heat, Is 
very caustic and corrosive. Specific gravity is about 1.84. NF 
category: pH modifier (acidifying agent/alkalizing agent/buf - 
fering agent). 

Sulindac Yellow, crystalline powder, which is odorless 
or practically so. Slightly soluble in methanol, in alcohol, in 
acetone, and in chloroform; very slightly soluble in isopro- 
panol and sn ethyl acetate; practically Insoluble in hexane 
and in water. 

SuHsobenzone: Light tan powder, with a melting point 
of about 145°. Freely soluble in methanol, in alcohol, and in 
water; sparingly soluble in ethyl acetate. 

Sumatriptan: White to pale yellow powder. Very 
slightly soluble in water. 

Sumatriptan Succinate: White or almost white powder. 
Freely soluble in water; sparingly soluble in methanol; prac- 
tically Insoluble in methylene chloride. 

Sunflower Oil: Ciear, light yeJlow liguid, It is miscible 
with petroleum at a boifing point of 40°-60°. Practically 
insoluble in water and in alcohol. Refractive Index {831): 
1.472-1.474 at 25°. Specific Gravity (841): 0.914-0.924 at 
20°. NF category: Coating agent; emollient; solvent; diluent; 
vehicle (oleaginous), 

Suprofen: White to off-white powder, odorless to hav- 
ing a slight odor, Sparingly soluble in water. 


Syrup: NF category: Sweetentng agent; wet binder; ve- 
hicie. 

Tacrine Hydrochloride: White powder. Freely soluble in 
water, in 0.1 N hydrochloric add, in pH 4.0 acetate buffer, 
in phosphate buffer (pH between 7,0 and 7,4), in methanol, 
in dimethy!suifoxide, in alcohol, and in propylene glycol; 
sparingly soluble In linolelc acid and in polyethylene glycol 
400. 

Tacrolłmus: White crystals or white crystalline powder, 
Very soluble in methanol; freely soluble in /V,N-dimethyl- 
formamlde, and in alcohol; practically insoluble in water. 

Tadalafil: White or almost white powder, Freely soluble 
in dimethyl sulfoxide; slightly soluble in methylene chloride; 
practically insoluble in water. 

Tagatose: White or almost white crystals, having a 
sweet taste. Very soluble in water; very slightly soluble in 
alcohol NF category: Sweetening agent; humectant. 

Tale: Very fine, white or grayish-white, crystalline pow¬ 
der. Is unctuous, adheres reaaily to the skin, and is free 
from grittlness. NF category . Clidant and/or anticaking 
agent; lubncant; diluent. 

Tamoxifen Citrate: White, fine, crystalline powder, Sol¬ 
uble In methanol; very slightly soluble in water, in acetone, 
in chloroform, and in alcohol. Melts at about 142°, with 
decomposition, 

Tamsulosin Hydrochloride: White or almost white erys- 
talline powder. Melts with decomposition at approximately 
230°. Freely soluble in formie acid; sparingly soluble in 
methanol; slightly soluble in water and in dehydrated alco¬ 
hol; practically insoluble in ether. 

Tan nic Acid: Amorphous powder, glistening scales, or 
spongy masses, yarying In color from yellowish-white to 
light Brown, is odorless or has a faint, characteristic odor, 
and has a strongly astringent taste. Very soluble in water, in 
acetone, and in alcohol; freely soluble in diluted alcohol; 
slightly soluble in dehydrated alcohol; practically insoluble in 
benzene, in chloroform, in ether, and in solvent hexane; 1 g 
dissolves in about 1 ml of warm glycerin. 

Tartark Add: Colorless or translucent crystals or white, 
fine to gran u lar, crystalline powder. Is odorless, has an add 
taste, and is stable in air. Very soluble in water; freely solu- 
ble in alcohol. NF category: pH modifier (acidifying agent/ 
alkaliz3nq aqent/buffennq aqent); flavors and fragrance; se- 
questering agent, 

Taurine: White crystals or crystalline powder. Soluble En 
water, 

Tazobactam: White to pale yellow, nonhygroscoplc, 
crystalline powder. Soluble En dimethyłformamide; slightly 
soluble in water, in methanol, in acetone, and in alcohol; 
very slightly soluble in ethyl acetate, in ethyl ether, and in 
chloroform; insoluble in hexane, 

Technetium Tc 99m Aggregated Albumin Injection: 
Milky suspension, from which partldes settle upon standEng. 

Technetium Tc 99m Penletate Injection: Ciear, color¬ 
less solutEon, 

Sodium Pertechnetate Tc 99m Injection: Ciear, color¬ 
less solution. 

Technetium Tc 99m (Pyro- and trimeta-) Phosphates 
Injection: Ciear solution. 

Technetium Tc 99m Sulfur Collotd Injection: Colloidal 
dispersion. Slightly opalescent, colorless to light tan liguid. 

Telmisartan: White or slightly yellowish, crystalline 
powder. Sparingly soluble In methylene chloride; slightly 
soluble in methanol; practically insoluble in water. It dis- 
solves in 1 M sodium hydroxlde. 

Temazepam: White or nearly white, crystalline powder. 
Sparingly soluble in alcohol; very slightly solubfe in water. 
Melts between 157 a and 163°, wlthin a 3 Q rangę. 
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Temozolomide: White to light pink/lrght tan powder 
Soluble rn dimethyl sutfoxide; sparingly soluble in water; 
practically rnsoluble in toluene. 

Teniposide: White to off-white, erystalline powder. Very 
soluble in acetone and In dimethylformamide; slrghtly solu¬ 
ble in methanol; insoluble in water and in ether. 

Terazosin Hydrochloride: White to pale yellow, crystal- 
linę powder, Freely soluble in isotonic sahne solution; solu¬ 
ble in methanol and in water; slrghtly soluble in alcohol and 
in 0,1 N hydrochloric add; very slightly soluble in chloro¬ 
form; practically insoluble in acetone and in hexanes. 

Terbinafine Hydrochloride; White or off-white powder. 
Freely soluble in dehydrated alcohol and in methanol; 
slightly soluble in acetone; very slightly or slightly soluble m 
water. 

Terbutallne Sulfate: White to gray-white, crystalllne 
powder. Is odorless or has a faint odor of acetic acid. Solu¬ 
ble in water and in OJ N hydrochloric acid; slightly soluble 
in methanol; insoluble in chloroform. 

Terconazole: White to off-white powder, Freely soluble 
in methyfene chlortde; soluble in acetone; sparingly soluble 
in alcohol; practically insoluble in water. It exhibits poły mon 
phism. 

Terpin Hydrate: Colorless, lustrous crystals or white 
powder. Has a slight odor, and effloresces In dry air. A hot 
solution (1 in 100) is neutral to litmus, When dried in vat- 
uum at 60° for 2 hours, it melts at about 103°, Very soluble 
in boiling alcohol; soluble in alcohol; sparingly soluble in 
boillng water; slightly soluble in water, In chloroform, and in 
ether. 

Test olact one: White to off-white, practically odorless, 
erystaJline powder. Melts at about 218 C . Soluble in alcohol 
and in chloroform; slightly soluble in water and in benzyl 
alcohol; insoluble in ether and in solvent hexane. 

Testosterone: White or slightly treamy white crystals o* 
erystalline powder. Is odorless, and h stable in air. Freely 
soluble tn dehydrated alcohol and in chloroform; soluble in 
dioxane and tn vegetable oils; slightly soluble in ether; prac 
tically insoluble in water. 

Testosterone Cypionate: White or creamy white, erys- 
tailine powder. Is odorless or has a slight odor, and is stable 
in air. Freely soluble in alcohol, tn chloroform, in dioxane, 
and in ether; soluble in vegelable oils; Insoluble in water, 

Testosterone Enanthate: White or creamy white, erys- 
talltne powder. Is odorless or has a faint odor characteristic 
of heptanorc acid. Very soluble in ether; soluble in vegetab!e 
oils; insoluble In water. 

Testosterone Propionate: White or creamy white crys¬ 
tals or erystalline powder. Is odorless and is stable in air. 
Freely soluble in alcohol, in dioxane, in ether, and in other 
organie $olvents; soluble in yegetable oils; insoluble in 
water. 

Tetanus Immune Globulin: Transparent or slrghtly 
opalescent liguid, practically colorless and practically 
odorless, May deyefop a slight granular deposit during stor- 
age. 

Tetanus Toxoid: Ciear, colorless to brownish-yellow, or 
slightly turbid liquid, free from evident dumps or particles, 
having a characteristic odor or an odor of formafdehyde. 

Tetanus Toxoid Adsorbed: Turbid, white, slightly gray, 
or slightly pink suspension, free from evident clumps after 
shaklng. 

Tetanus and Diphtheria Toxoids Adsorbed for Adult 
Use: Turbid, white, slightly gray, or cream-colored suspen- 
sion, free from evident clumps after shaking. 

Tetracaine: White or light yellow, waxy solid. Soluble in 
alcohol, in ether, in benzene, and in chloroform; very 
slightly soluble in water. 

Tetracaine Hydrochloride: Fine, white, erystalline, 
odorless powder. Has a slightly bitter taste followed by a 
sense of numbness. Its Solutions are neutral to litmus. Melts 


at about 148°, or may occur in either of two other 
olymorphic modifications that melt at about 134° and 
39°, respectiyeiy. Mixtures of the forms may melt within 
the rangę of 1 34“ to 147°. Is hygroscopic. Very soluble in 
water; soluble in alcohol; insoluble in ether and in benzene. 

Tetracycline: Yellow, odorless, erystalline powder. Is sta¬ 
ble in air, but exposure to strong sunlight causes it to 
darken. It loses potency in Solutions of pH below 2, and is 
rapidly destroyed by alkalr hydroxide Solutions. Freely solu¬ 
ble in dilute acid and in alkali hydroxide Solutions; sparingly 
soluble in alcohol; very slightly soluble in water; practically 
insoluble in chloroform and in ether. 

Tetracycline Hydrochloride: Yellow, odorless, erystalline 
powder, Is moderately hygroscopic. Is stable in air, but ex- 
posure to strong sunlight in moist air causes it to darken. It 
loses potency in solution at a pH below 2, and is rapidly 
destroyed by alkali hvdroxtde Solutions. Soluble in water and 
in Solutions of alkali nydroxides and earbonates; slightly sol- 
uble in alcohol; practically Insoluble in chloroform and in 
ether, 

Tetrahydrozoline Hydrochloride: White, odorless solid. 
Melts at about 256“, with decomposition. Freely soluble in 
water and in alcohol; very slightly soluble in chloroform; 
practically insoluble in etner. 

Thalidomide: White to off-white powder. Very soluble 
in dimelhyl suJfoxide; sparingly soluble in ethanol and in 
water. 

Theopbylline: White, odorless, erystalline powder, hav* 
ing a bitter taste. Is stable in air. Fredy soluble in Solutions 
of alkali hydroxides and in ammonia; sparingly soluble rn 
alcohol, in chloroform, and in ether; slightly soluble in 
water, but morę soluble in hot water. 

Theophylline Sodlum Glyclnate: White, erystalline 
owder having a slight ammoniacal odor and a bitter taste. 
reely soluble in water; very slightly soluble rn alcohol; prac¬ 
tically insoluble in chloroform, 

Thiabendazole: White to practically white, odorless or 
practically odorless powder. Slightly soluble in acetone and 
in alcohol; very slightly soluble in chloroform and in ether; 
practically insoluble in water. 

Thiacetarsamide: White to yellowish, erystalline pow¬ 
der. Soluble in warm dehydrated alcohol and in warm 
methanol; sparingly soluble in co Id dehydrated alcohol, in 
cold methanol, and rn cold water; morę soluble in water 
above 90“; Insoluble in warm isopropyf alcohol. pK a is 4. 

Thiamlne Hydrochloride: White crystals or erystalline 
powder, usually havlng a slight, characteristic odor. When 
exposed to air, the annydrous product rapidly absorbs 
about 4% of water. Melts at about 248°, with some decom¬ 
position. Freely soluble in water; soluble in djycerin; slightly 
soluble rn alcohol; Insoluble in ether and in "benzene. 

Thiamine Mononitrate: White crystals or erystalline 
powder, usually having a slight, characteristic odor. Spar¬ 
ingly soluble in water; slightly soluble in alcohol; very 
slightly soluble in chloroform. 

Thiethylperazine Maleate: Yellowish, granular powder, 

Is odorless or has not morę than a slight odor. Melts at 
about 183°, with decomposition. Slightly soluble in metha¬ 
nol; practically insoluble rn water and tn chloroform. 

Thrmerosal: Light cream-colored, erystalline powder, 
havrng a slight characteristic odor. fs affected by light. The 
pH of a solution {1 in 100) is about 6.7. Freely soluble in 
water; soluble in alcohol; practically insoluble in ether. NF 
category: Antimicrobial preservatrve. 

Thimerosal Toprcal Solution: Ciear liąuid, having a 
slight characteristic odor, Is affected by light. 

Thimerosal Tinclure; Transparent, mobile liguid, hav- 
Ing the characteristic odor of alcohol and acetone, Is af¬ 
fected by light. 

Thioguamne: Pale yellow, odorless or practically 
odorless, erystalline powder. Freely soluble rn dilute Solutions 
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of alka li hydroxides; insoluble in water, in alcohol, and in 
chloroform. 

Thiopental Sodium; White to off-white, crystalline 
powder, or yellowish-white to pale greenish-yellow, hygro¬ 
scopic powder. May have a disagreeabie odor. Its Solutions 
are alkaiine to litmus, Its Solutions decompose on standing, 
and on boiling precipitation occurs. Solubie tn water and in 
alcohol; insoluble in benzene, in absolute ether, and in sol- 
vent hexane. 

Thiopental Sodium for Injection: White to off-white, 
crystalline powder, or yellowish-white to pale greenish-yel- 
low, hygroscopic powder. May have a disagreeabie odor Its 
Solutions are alkaiine to litmus. Its Solutions decompose on 
standing, and on boiling precipitation occurs. 

Thiondazine: White to slightly yellow, crystalline or mi- 
cronized powder, odorless or having a faint odor. Very solu* 
ble in chloroform; freely solubie in dehydrated alcohol and 
in ether; practically insolubfe in water. 

Thioridazine Hydrochloride: White to slightly yellow, 
granular powder, having a faint odor and a very bitter taste. 
Freely solubie in water, m methanol, and in chloroform; in* 
solubie in ether, 

Thiostrepton: White to off-white, crystalline solid. Solu- 
ble in glacial acetic acid, in chloroform, in dimethylforma- 
mide, in dimethyl sulfoxide, in dioxane, and in pyridine; 
practically insoluble in water, in the lower alcohols, in 
nonpolar organie solvents, and in dilute aqueous acids or 
alkali. 

Thiotepa: Fine, white, crystalline flakes, having a faint 
odor. Freely solubie in water, in alcohol, in chloroform, and 
in ether. 

Thiotepa for injection: White powder, 

Thiothbcene: White to tan, practically odorless erystafs. 
fs affected by light, Very solubie tn chloroform; slightly solu- 
ble in methanorand in acetone; practically insoluble in 
water. 

Throthixene Hydrochloride: White, or practically 
white, crystalline powder, havinq a slight odor. Is affected 
by light. Solubie in water; slightly solubie in chloroform; 
practically insoluble in benzene, in acetone, and in ether. 

Threonine: White, odorless crystals, having a slightly 
sweet taste. Freely solubie in water; insoluble in absolute 
alcohol, in ether, and in chloroform. 

Thrombin: White to grayish, amorphous substance 
dried from the frożen State. 

Thymol: Colorless, often large, crystals, or white, erys- 
taljine powder, havsng an aromatic, thyme-like odor and a 
pungent taste. Is affected by light, Its alcohol solution is 
neutral to litmus. Freely solubie in alcohol, in chloroform, in 
ether, and in olive oii; solubie in glacial acetic acid and in 
fixed and volatile oils; very slightly solubie in water. NF cate - 
góry: Antimlcrobial preservative; flavors and fragrance; anti- 
oxidant, 

Thyroid: Yellowish to buff-colored, amorphous powder, 
having a slight, characteristk:, meat-like odor and a salinę 
taste. 

Tiagabine Hydrochloride: White to off-white powder. 
Freely solubie rn methanol and in alcohol; solubie in isopro- 
panol; very slightly solubie in chloroform; sparingiy solubie 
in water; practically insoluble in n-heptane. 

Tiamulin: A sticky, translucent yellowish mass, slightly 
hygroscopic, Very solubie in dichloromethane; freely solubie 
in dehydrated alcohol; practically insoluble in water. 

TicarcNiin Disodium: White to pale yellow powder, or 
white to pale yellow solid. Freely solubie in water. 

Ticlopldine: White or almost white crystalline powder. 
Sparingiy solubie in water and In alcohol; very slightly solu* 
ble in ethyi acetate. 

Tigecydine: Oranpe powder, Fredy solubie In water; 
solubie in 1-octanol; slightly solubie in methanol, in ethanol, 
and in isopropyl alcohot 


Tiletaminę Hydrochloride: White to off-white, crystal¬ 
line powder. Freely solubie in water and in 0.1 N hydrochlo- 
ric actd; solubie rn methanol; slightly solubie in chloroform; 
practically insoluble in ether, 

Tllmicosin; White to off-white, amorphous solid. 

Slightly solubie in water and rn n-hexane. 

Tlmolol Maleate: White to practically white, odorless or 
practically odorless powder. Solubie in water, rn alcohol, 
and in methanol; sparingiy solubie in chloroform and in 
propylene glycol; insoluble rn ether and in cyclohexane, 

Tinidazole: Almost white or pale yellow, crystalline 
powder. Solubie in acetone and rn methylene cnloride; spar- 
rngly solubie in methanol; practically insoluble in water. 

Titanium Dioxide; White, odorless, tasteless powder. Its 
1 in 10 suspension in water is neutral to litmus. Insoluble in 
water, in hydroehloric actd, in nrtrre acid, and in 2 N sulfuric 
acid. DissolWs in hydrofluoric acid and in hot sulfuric acld. 

Is rendered solubie by fusion with potassium bisulfate or 
with alkali carbonates or hydroxldes. NF category: Coating 
agent. 

Tlzanidine Hydrochloride: Almost white to slightly yel¬ 
low, crystalline powder. Slightly solubie in water and in 
methanol. 

Tobramycin: White to off-white, hygroscopic powder. 
Freely solubie in water; very slightly solubie in alcohol; prac* 
tically insoluble rn chloroform and in ether. 

Tobramycin Sulfate Injection: Clear, colorless solution. 

Tocainide Hydrochloride: Fine, white, odorless powder. 
Freely solubie rn water and in alcohol; practically insoluble in 
chloroform and in ether. 

Tocopherol: Clear, colorless to yellow, yellowish-brown, 
or greenish-yellow, viscous oiL Is odorless. Solubie in oils, tn 
fats, in acetone, in alcohol, in chloroform, in ether, and in 
alcohol; insoluble tn water NF category: Antioxidant 

Tocopherols Excrplent: Brownish-red to red, elear, vis- 
cous o*l, having a mild, characteristk odor and taste. May 
show a slight separation of waxlike constjtuents rn micro- 
crystalline form. Oxidizes and darkens slowly In air and on 
exposure to light, particularly in alkaiine media. Solubie in 
alcohol; insoluble in water. Miscible with acetone, with chlo¬ 
roform, with ether, and with vege£able oils. NF category: 
Antioxidant 

Tolazamfde; White to off-white, crystalline powder, 
odorless or having a slight odor. Melts with decomposition 
in the approximale rangę of 161 ° to 173°. Freely solubie in 
chloroform; solubie in acetone; slightly solubie in alcohol; 
very slightly solubie ?n water. 

Tolazoline Hydrochloride: White to off-white, crystal¬ 
line powder. Its Solutions are slightly acid to litmus. Freely 
solubie in water and in alcohol. 

Tolbutamrde: White, or practically white, crystalline 
powder. Is slightly bitter and practically odorless. Solubie in 
alcohol and in chloroform; practically insoluble in water, 

Toibutamide Sodium: White to off-white, practically 
odorless, crystalline powder, havmg a slightly bitter taste. 
Freely solubie in water; solubie in alcohol and in chloroform; 
very slightly solubie in ether. 

Tolcapone: Yellow, fine powder or fine powder with 
lumps. Freely solubie in acetone and in tetrahydrofuran; sol- 
uble in methanol and in ethyl acetate; sparingiy solubie in 
chloroform and in dichloromethane; insoluble in water and 
in n-hexane. 

Tolmetin Sodium: Light yellow to light orange, crystal¬ 
line powder. Freely solubie in water and In methanol; 
slightly solubie in alcohol; very slightly solubie in chloro¬ 
form. 

Tolnaftate: White to creamy white, fine powder, having 
a slight odor. Freely solubie tn acetone and in chloroform; 
sparingiy solubie in ether; slightly solubie in alcohol; practi¬ 
cally insoluble in water. 
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Tolterodine Tartrate: Wbite or a J most white, crystalline 
powder. Sparingly soluble in water; slightly soluble in anhy- 
drous ethanol; practically insoluble in neptane. 

Tolu Balsam: Brown or yellowish-brown, plastic solid, 
transparent in thm layers and bnttle when old, dried, or 
exposed to cold temperatures. Has a pleasant, aromatie 
odor resembling that of vanilla, and a mild, aromatie taste, 
Soluble in alcohol, in chloroform, and in ether, sometimes 
with slight residue or turbidity; practically insoluble in water 
and in solvent hexane, NF category: Flavors and perfumes. 

Topiramate: White to off-white powder Freely soluble 
in dicnloromethane. 

Torsem rde: White to off-white, crystalline powder. 
Slightly soluble in 0,1 N sodium hydroxide, In 0,1 N hydro- 
chloric add, in aicohoł, and in methanol; very slightly solu¬ 
ble in aoetone and in chloroform; practically insoluble in 
water and in ether. 

Tragacanth: Is odorless, and has an insjpid, mucilagi- 
nous taste, NF category: Suspending and/or viscosity-increas- 
ing agenL 

Tramadol Hydrochloride: White, crystalline powder. 
Freely soluble in water and in methanol; very slightly soluble 
in acetone. 

Trandalopril: White or almost white powder Freely sol¬ 
uble in methylene chloride; sparingly soluble in absolute at- 
cohol; practically insoluble in water. 

Tranexamic Add: White, crystalline powder. Freely sol¬ 
uble in water and in glacia! acetic add; practically insoluble 
in acetone and in alcohol. 

Trany Icypromine SuIfate: White or almost white crys- 
talfine powder. Freely soluble in water; very slightly soluble 
in alcohol and in ether; practically insoluble in chloroform. 

Travoprost: Clear, colorless, viscous oil. insoluble in 
water 

Trazodone Hydrochloride: White to off-white, crystal¬ 
line powder. Sparingly soluble in chloroform and in water 
Melts between 231° and 234° when the melting point de- 
termination is carried out in an evacuated capillary tubę; 
otherwise melts with decomposition over a broad rangę be- 
low 230 c . 

Trehalose: White, odorless, nonhygroscopic crystalline 
powder Soluble in water, solubility increases with tempera¬ 
turę; practically insolubfe tn dehydrated akohoL Trehalose is 
typically used in the dihydrate form. NF category: Bul king 
agent; sweetening agent; diluent; disintegrant; wet binder; 
vehide. 

Tretinoin: Yellow to light-orange, crystalline powder, 
Slightly soluble in alcohol, in chloroform, and in methanol; 
insoluble in water. 

Triacetin: Colorless, somewhat oily liguid having a 
slight, fatty odor and a bitter taste. Soluble in water; slightly 
sambie in carbon disulfide. Miscible with alcohol, with ether, 
and with chloroform, NF category: Plasticizer; humectant; 
solvent. 

Triamcinolone: White or practically white, odorless, 
crystalline powder Slightly soluble in alcohol and in metha- 
nol; very sflghtly soluble in water, in chloroform, and in 
ether, 

Triamcinolone Acetonide: White to cream-tolored, 
crystalline powder, having not morę than a slight odor. 
Sparingly soluble in dehydrated alcohol, in chloroform, and 
in methanol; practically insoluble in water. 

Triamcinolone Diacetate: Fine, white to off-white, crys- 
taili ne powder, having not morę than a slight odor. Soluble 
in chloroform; sparingly soluble in afcohol and in methanol; 
slightly soluble in ether; practically insoluble rn water 

Triamcinolone Hexaeetonide: White to cream-colored 
powder. Soluble in chloroform; slightly soluble in methanol; 
practically insoluble in water 

Triamterene: Yellow, odorless, crystalline powder. Solu¬ 
ble in formie add; sparingly soluble in methoxyethano3; very 


slightly soluble in acetic acid, in alcohol, and in dilute min¬ 
erał acids; practically insoluble in water, in benzene, in chlo¬ 
roform, in ether, and in dilute alkali hydroxides. 

Triazolam; White to off-white, practically odorless, crys¬ 
talline powder. Soluble in chloroform; slightly soluble in al¬ 
cohol; practically insoluble in ether and In water. 

Tributyl Citrate; Clear, practically colorless, oily ilquid. 
Freely soluble in alcohol, in isopropyl alcohol, in acetone, 
and in toluene; insolubfe in water. NF category: Plasticizer 

Trichlorfon: Wbite crystalline powder. Very soluble in 
methylene chloride; freely soluble in acetone, in alcohol, in 
benzene, in chloroform, in ether, and in water; very slightly 
soluble in hexane and in pentane. Decomposed by alkali, 
Melts at about 78 d with decomposition. 

Trichlormethiazide: White or practically white, crystal¬ 
line powder. Is odorless, or has a slight characteristic odor. 
Melts at about 274°, with decomposition. Freely soluble in 
acetone; soluble In methanol; sparingly soluble in alcohol; 
very slightly soluble in water, in ether, and In chloroform. 

Tnchloromonofluoromethane: Clear, colorless gas, 
having a faint, ethereal odor. Its vapor pressure at 25° is 
about 796 mm of mercury (1 psig). NF category: Propellant. 

Trklocarban: White powder. Freely soluble in ethanol, 
in acetone, and in polyetnylene glycol; slightly soluble in 
acetonitrile and in propylene glycol; insoluble in water. 

Trklosan: Fine, whitish, crystalline powder. Melts at 
about 57°. Soluble in methanol, in alcohol, and in acetone; 
slightly soluble in hexane; practically insolubfe in water. 

Trientine Hydrochloride: White to pale yellow, crystal¬ 
line powder. Melts at about 117°. Freely soluble in water; 
soluble in methanol; slightly soluble in alcohol; insoluble in 
chloroform and in ether. 

Triethyl Citrate: Practically colorless, oily liquid, Soluble 
in water, Miscible with alcohol and with ether, NF category: 
Plasticizer; sdvent 

Trifluoperazine Hydrochloride: White to pale yellow, 
crystalline powder. Is practically odorless, and has a bitter 
taste. Melts at about 242°, with decomposition, Freely solu¬ 
ble in water; soluble in alcohol; sparingly soluble in chloro¬ 
form; insoluble in ether and in benzene. 

Triflupromazine: Viscous, light amber-colored, oily lig¬ 
uid, which crystallizes on prolonged standing into large, ir- 
regular crystals. Practically insoluble in water. 

Triflupromazine Hydrochloride: White to pale tan, 
crystalline powder, having a slight, characteristic odor. Melts 
between 170° and 1 78 ę . Soluble in water, in alcohol, and in 
acetone; insoluble in ether, 

Trifluridine: Odorless, white powder appearing under 
the microscope as rodlike crystals; melts at 1 75°, with subli- 
rnation. 

Medium-Chain Triglycerides: Colorless or slightly yel- 
lowish, oily liguid. Practically insoluble in water. Miścicie 
with alcohol, with methylene chloride, with hexane, and 
with fatty orls. NF category: Emulslfying agent; solvenl; sus- 
pending and/or viscosity-mcreasing agent. 

Trrhexyphenidyl Hydrochloride: White or slightly off- 
white, crystalline powder, having not morę than a very faint 
odor. Melts at about 250°. Soluble In alcohol and in chloro¬ 
form; slightly soluble m water. 

Trimeprazine Tartrate: White to off-white, odorless, 
crystalline powder. Freely soluble in water and in chloro¬ 
form; soluble in alcohol; very slightly soluble in ether and in 
benzene. 

Trimethobenzamide Hydrochloride: White, crystalline 
powder having a slight phenolic odor, Soluble in water and 
m warm alcohol; insoluble in ether and in benzene. 

Trimethoprim: White to cream-colored, odorless crys¬ 
tals or crystalline powder, Soluble in benzyl alcohol; spar¬ 
ingly soluble In chloroform and in methanol; slightly soluble 
In alcohol and in acetone; very slightly soluble in water; 
practically insoluble in ether and in carbon tetrachloride. 
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Trimethoprim Sulfate: White to off-white, crystalline 
powder. Soluble in water, in alcohol, in dilute minerał acids, 
and in ftxed alkalles. 

Trimipramine Maleate: White to almost white crystal- 
line powder. Slightly soluble in water and in alcohol, 

Trioxsalen: White to off-white or cjrayish, odorless, ciys- 
talline solid. Melts at about 23Q f1 . Spanngly soiuble in chlo¬ 
roform; slightly soiuble in alcohol; practically insoluble in 
water. 

Tripelennarmne Hydrochloride: White, crystalline pow¬ 
der. Slowly darkens on exposure to llght. Jts Solutions are 
practically neutral to litmus. Freeiy soluble in water, in alco- 
nol, and in chloroform; slightly soluble m acetone; insoluble 
in benzene, in ether, and in ethyl acetate. 

Triprolidine Hydrochloride: White, crystalline powder, 
having no morę than a slighl, but unpleasant, odor. Its Solu¬ 
tions are alkaltne to litmus, and it melts at about 115°. Solu¬ 
ble in water, in alcohol, and in chloroform; insoluble in 
ether. 

Trolamine: Colorless to pale yellow, viscous, hygro- 
scopic liguid having a slight, ammoniacal odor. Soluble in 
chloroform. Miscible with water and with alcohol. NF cole - 
goryi Emulsifying agent; pH modifter (acidifying agent/alka- 
Uzing agentybuffering agent). 

Troleandomydn: White, odorless, crystalline powder 
Freeiy soiuble in alcohol; soluble in chloroform; slightly solu¬ 
ble in ether and in water. 

Tromethamine: White, crystalline powder, havmg a 
slight, characteristic odor. Freeiy soluble in water. 

Tropicamide: WhEte or practically white, crystalline 
powder, odorless or having not morę than a slight odor 
Freeiy soluble in chloroform and in Solutions of strong acids; 
slightly soluble in water. 

Trospium Chloride: Colorless or white to slightly yellow 
crystalline powder. Very soluble in water; freeiy soluble in 
methanol 

Crystallized Trypsin: White to yelłowrsh white, 
odorless, crystalline or amorphous powder 

Tryptophan: White to slightly yellowish-white crystals 
or crystalline powder, havinq a slightly bitter taste. Soluble 
in hol alcohol and in dilute nydrochloric acid. 

Tuberculin: Old Tuberculin is a elear, brownish liguid, 
which is readily miscible with water and has a characteristic 
odor. Purified Protein Derivative (PPD) of Tuberculin is a 
very slightly opafescent, colorless solution. Old Tuberculin 
and PPD concentrates eon tam 50% of glycerin for use with 
various application devices. Old Tuberculin and PPD are also 
dried on tne tines of multjple-puncture devices. 

Tubocurarine Chloride: White or yellowish-white to 
rayish-white, crystalline powder Melts at about 270°, with 
ecomposition. Soluble in water; spanngly soluble in afco- 
hol. 

Ty łosi n: White to buff-colored powder Freeiy soluble in 
methanol; soluble in alcohol, in amyl acetate, in chloroform, 
and tn dilute minerał acids; slightly soluble in water. 

Tylosin Tartrate: Al most white or slightly yellow, hygro- 
scopic powder. Freeiy soluble in water and in dichlorometh- 
ane; slightly soluble in alcohol. It dissolves in dilute Solutions 
of minerał acids. 

Tyloxapoh Viscous, amber liguid, havinq a slight, aro- 
matic odor. May exbibit a slight turbidity. Slowly but freeiy 
miscible with water Soluble in glacial acetic acid, in ben¬ 
zene, in toluene, in carbon tetrachloride, in chloroform, and 
in carbon disulfide. NF category: Wetting and/or solubilizing 
agent 

Tyrosrne: White, odorless, tasteless crystals or crystalline 
powder. Very slightly soluble in water; insoluble in alcohol 
and In ether. 

Ubidecarenone: Yellow to orange, crystalline powder 
Melts at about 48°. Soluble in ether; very slightly soluble in 
dehydrated alcohol; practically insoluble in water. 


Undecylenie Acid: Clear, colorless to pale yellow liqu»d 
having a characteristic odor. Practically insolubfe in water, 
Miscible with alcohol, with chloroform, with ether, with 
benzene, and with fixed and volatile oils. 

Urea: Colorless to white, prismatit crystals, or white, 
crystalline powder, or smali wnite pellets. !s practically 
odorless, but may gradually develop a slighl odor of ammo- 
nia upon long standlng. Its Solutions are neutral to litmus. 
Freeiy soluble in water and in boiling alcohol; practically in¬ 
soluble in chloroform and rn ether. 

Urea C 13: See Urea . 

Ursodto): White or almost white, crystalline powder, 
Freeiy soluble in alcohol and in gladal acetic acid; spanngly 
soluble In chloroform; slightly soluble in ether; practically 
Insoluble in water. 

Vaccinia Immune Globulin: Transparent or slightly 
opalescent liquld. Is practically colorless and practically 
odorless, May deveiop a slight, granular deposit during stor- 
age. 

Valacyclovir Hydrochloride: White to off-white pow¬ 
der. Soluble In water; insoluble in dichloromethane. 

Powdered Va!erian Extract: Brown, hygroscopic, pow- 
dery or easily pulverizable mass. Soluble in water to form a 
slightly cloudy solution; spanngly soluble in 70 percent alco- 
hol; practically insoluble in alcohol. 

Valganciclovfr Hydrochloride: White to off-white pow¬ 
der. Very slightly soluble in alcohol; practically insoluble in 
2-propanol, in nexane, in acetone, and in ethyl acetate. 

Valine: White, odorless, tasteless crystals. Soluble in 
water; practically insoluble in ether, in alcohol, and In ace¬ 
tone. 

Valproic Acid: Colorless to pale yellow, slightly vi$cou$, 
elear 1Equid, havtng a characteristic odor. Refractive index: 
about 1.423 at 20 a . Freeiy soluble in 1 N sodium hydroxlde, 
in methanol, in alcohol, in acetone, in chloroform, in ben¬ 
zene, in ether, and in n-heptane; slightly soluble in water 
and in 0.1 N hydrochloric acid. 

Va1mbidn: Orange to orange-red, crystalline powder. 
Soluble in methylene chloride, in dehydrated alcohol, in 
methanol, and in acetone; very slightly soluble in water, in 
hexane, and in petroleum ether, 

Valsartan: White or almost white, hygroscopic powder. 
Freeiy soluble in anhydrous elhanol; spanngly soiuble in 
methylene chloride; practically insoluble tn water. 

Vancomycrn Hydrochloride: White, almost white, or 
tan to brown, free-flowing powder, odorless, and having a 
bitter taste, Freeiy soluble in water; insoluble in ether and in 
chloroform. 

Vanrliin: Fine, white to slightly yellow crystals, usualiy 
needle-like, having an odor and taste suggestive of vanilia. Is 
affected by lighł. Its Solutions are acid to litmus. Freeiy solu¬ 
ble in alcohol, in chloroform, in ether, and m Solutions of 
the fixed alka li hydroxides; soluble in g lycerin and in hot 
water; slightly soluble in water, NF category; Flavors and fra- 
grance. 

Vardenafil Hydrochloride: White or slightly brown or 
yellow powder. Freeiy soluble in anhydrous alcohol; slightly 
soluble in water; practically insoluble in heptane. 

Vasopressin Injection: Clear, colorless or practically col- 
orless liguid, having a faint, characteristic odor. 

Vecuronium Bromide: White or creamy white crystals, 
or a crystalline powder Spanngly soluble in alcohol; slightly 
soluble in water and in acetone. 

Hydrogenated Vegetable Oli: Type I Hydrogenated 
Vegetable Oil—Fine, white powder, beads, or smali flakes. 
Type II Hydrogenated Vegetable Oil—Plastic (semfsolid) or 
flakes having a softer consistency than Type J. Soluble in hot 
tsopropyl alcohol, in hexane, and in chloroform; insoluble In 
water. NF category: Hydrogenated Vegetable Oii—Wet 
binder; Type t Hydrogenated Yegetable Oil—Lubricant; Type 
II Hydrogenated Vegetable Oil—Ointment base. 
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Venlafaxtne Hydrochlonde: Off-white to white crystal¬ 
line powder. Soluble in methano! and in water. 

Verapamti Hydrochlonde: White or practically wbite, 
crystalline powder, Is practically odorless and has a bitter 
taste. Freely soluble in chloroform; soluble in water; spar- 
ingly soluble in alcohol; practically insoluble in ether. 

Vidarabine: White to off-white powder. Slightly soluble 
in dimethyJformarmde; very slightly soluble in water. 

Vigabatrrn: White or afmost white powder, Freely solu¬ 
ble in water; slightly soluble in methanol; very slightly solu¬ 
ble tn alcohol and in chloroform; practically insoluble in 
methylene chforide; insoluble in hexane and in toluene, 

Vrnb!astine Sulfate: White or slightly yellow, odorless, 
amorphous or crystalline powder. Is hygroscopic. Freely sol¬ 
uble in water, 

Vincristine Suifate: White to slightly yellow, odorless, 
amorphous or crystalline powder. Is nygroscopic. Freely sol¬ 
uble in water; soluble tn methanol; slightly soluble in alco- 
hol, 

Vincristine Sulfate for Injection: Yellowish-white solid, 
having the characteristic appearance of products prepared 
by freeze-drying. 

Vfnore(bine Tartrate: White to yellow or light brown, 
amorphous powder, Freely soluble in water, 

Vitamin A: In liguid form, a light-yellow to red otl that 
may solidify upon refrigeration. In solid form, has the ap¬ 
pearance of any diluent that has been added, May be prac¬ 
tically odorless or may have a mi Id fishy odor, but has no 
rancid odor or taste. Is unstable to air and light, In llquid 
form, very soluble in chloroform and in ether; soluble in 
absoiute alcohol and in vegetable oils; insoluble in water 
and in glycerin, In solid form, may be dispersible m water. 

Vitamin E: Practically odorless and tasteless. The alpha 
tocopherols and alpha tocopheryl acetates occur as elear, 
yellow, or greenish yellow, viscous oils. d-Alpha tocopheryl 
acetale may solidify in the cold. Alpha tocopheryl add succl- 
nate occurs as a wnite powder; the d-isomer melts at about 
75 c , and the d/-form melts at about 70°. The alpha tocoph¬ 
erols are unstable to air and light, particularly when in alka- 
line media. The esters are stable to air and light, but are 
unstable to alkafi; the acid succinate Is also unstable when 
held moiten. Alpha tocopheryl acid succinate is very soluble 
in chloroform; soluble in alcohol, in ether, in acetone, and 
in vegetable oifs; slightly soluble in alkaline Solutions; insolu¬ 
ble In water, The other forms of Vitamin E are insoluble in 
water; soluble in alcohol; miscible with ether, with acetone, 
with vegetable oils, and with chloroform. NF category: Anti- 
oxidant; plastidzer. 

Vitamin E Preparatfon: The liguid forms are elear, yel¬ 
low to brownish red, yiscous oils. me solid forms are wnite 
to tan-white granular powders. The liquid forms are soluble 
in alcohol; insoluble in water. Miscible with ether, with ace¬ 
tone, with vegetable oils, and with chloroform. The solid 
forms disperse in water to give cloudy suspensions. 

Voriconazole: White to almost white powder. Freely 
soluble in acetone and in methylene chlorfde; very slightly 
soluble in water. 

Warfarin Sodium: White, odorless, amorphous or erys- 
tailine powder, having a slightly bitter taste. Is discolored by 
light, Very soluble in water; freely soluble in alcohol; very 
slightly soluble in chloroform and in ether, 

Water for Injection: Clear, colorless, odorless liguid, NF 
category: Solvent; pharmaceutical water. 

Bacteriostatk Water for Injection: Clear, colorless liq- 
uid, odorless or having the odor of the antimicrobial sub- 
stance. NF category: Vehicle (sterile); pharmaceutical water. 

Sterile Water for Inhalation: Clear, colorless solution* 

Sterile Water for Injection: Clear, colorless, odorless 
liquid. NF category: $olvent; pharmaceutical water. 

Sterile Water for Irrigation: Clear, colorless, odorless 
liquid. NF category: So!vent; pharmaceutical water. 


Punfied Water: Clear, colorless, odorless lrquid. NF cat¬ 
egory: Solvent; pharmaceutical water. 

Carnauba Wax: Light brown to pale yellow, moderately 
coarse powder or flakes, possessing a characteristic bland 
odor, and Free from rancidity, Specific gravity is about 0.99. 
Freely soluble in warnn benzene; soluble in warm chloroform 
and in warm toluene; slightly soluble in boiling alcohol; in¬ 
soluble In water, NF category: Coating agent. 

Emulsrfying Wax: Creamy white, wax-like solid, having 
a miJd, characteristic odor, Freely soluble in ether, In chloro¬ 
form, in most hydrocarbon solvents, and in aerosol propel- 
lants; soluble in alcohol; insoluble in water. NF category: 
Emulsifying agent; wetting and/or solubilizing agent; stiffen- 
ing agent. 

Mkrocrystalline Wax: White or cream-colored, 
odorless, waxy solid. Soluble in chloroform, in ether, in vo!a- 
tile oils, and In most warm flxed oifs; sparingly soluble in 
dehydrated alcohol; insoluble in water, NF category: Coating 
agent; stiffening agent. 

White Wax: Yellowish-white solid, somewhat translu- 
cenl in thin layers. Has a faint, characteristic odor, and is 
free from rancidity. Specific gravity is about 0,95, Sparingly 
soluble In cold alcohol; insoluble in water. Boiling alcohol 
dissolves the cerotie acid and a portion of the myridn, 
which are constituents of White Wax. Completely soluble in 
chloroform, in ether, and in fixed and volatile oifs. Partly 
soluble in cold benzene and in cold carbon disulfide; com- 
fetely soluble in these ljquids at about 30°, NF category: 
tiffening agent, 

Yellow Wax: Solid varylng in color from yellow to gray- 
ish brown. Has an agreeabie, Tioney-like odor. Is somewhat 
briltle when cold, and presents a duli, granular, noncrystal- 
line fracture when broken. It becomes pliable from the heat 
of the hand. Specific qravlty is about 0.95. Sparingly soluble 
in cold alcohol; insoluble in water. Boiling alcohol cfissolves 
the cerotic acid and a portion of the myricin, that are con¬ 
stituents of Yellow Wax. Soluble in chloroform, in ether, in 
fixed oib, and in volati!e oils; sparingly soluble in cold ben¬ 
zene and in cold carbon disulfide; soluble in these liquids at 
about 30°. NF category: Stiffening agent, 

Wheat Bran: Light tan powder having a characteristic 
aroma. Practically insoluble in cold water and in alcohol, 
Avai!able in a variety of particie sizes depending upon the 
degree of mtlling to which it is subjected, Color and flavor 
development variable, depending on the extenl to which it 
is heat-stabilized. 

Xanthan Cum: Cream-colored powder. Its Solutions in 
water are neutral to litmus, Soluble in hot or cold water, NF 
category: Suspending and/or yiscosity-increasing agent; film- 
forming agent; polymers for ophthafmic use; release-modify- 
ing agent. 

Xenon Xe 127: Clear, colorless gas. 

Xenon Xe 133 Injection: Clear, colorless solution, 

Xylazine: Colorless to white crystals. Sparingly soluble 
in difute acid, in acetone, and in chloroform; insofubfe in 
dii u te alkąlL 

Xylazine Hydrochlonde: Colorless to white crystals. 
Sparingly soluble in dilute acid, in acetone, and in metha¬ 
nol; insoluble in dilute alkali. 

Xylitol: White crystals or crystalline powder, It has a 
sweet taste and produces a cooling sensation in the moufh. 
One g dissolves In about 0.65 mL of water. Sparingly solu¬ 
ble in alcohol. Crystalline xylitol has a melting rangę be- 
tween 92* and 96°. NF category: Coating agent; emollient; 
humectant; sweetening agent; diluent. 

Kylometazoline Hydrochlonde: White to off-white, 
odorless, crystalline powder. Melts above 300°, with decom- 
position. Freely soluble in alcohol; soluble in water; sparingly 
soluble in chloroform; practically insoluble in benzene and 
in ether. 
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Xyfose: Colorless needles or white, crystalline powder. 

Is odorless, and has a slightly sweet taste. Very soluble in 
water; slightly soluble in atcohol. 

Yellow Fever Vaccine: Slightly duli, light-orange 
tofored, flaky or crustfike, desiccated mass. 

Yohimbine Hydrochloride: White to yellow powder. 
Melts at about 295°, with detomposition. Soluble in boiling 
water; slightly soluble in water and in alcohof. 

Yttrium Chloride: Colorless, deliquescent crystals. Solu¬ 
ble in water and in alcohol. 

Zalcitabine: White to off-white, crystalline powder. Sol- 
uble in water and in methanol; sparingly soluble in alcohol, 
In acetonrtrile, in chloroform, and in methylene chloride; 
slightly soluble in cydohexane. 

Zafeplon: White to off-white powder. Sparingly soluble 
in alcohol; slightly soluble in propylene glycol; practically 
insoluble in water. 

Zanamivir: White, crystalline powder. Sparingly soluble 
in water; insoluble in acetone, in acetonitrile, in atcohol, and 
in isopropyl alcohol. 

Zein: White to yellow powder. Soluble in agueous alco- 
hols, in glycols, in ethylene gfycol ethyl ether, in furfui^I 
alcohol, in tetrahydroTurfuryr alcohol, in aąueous alkallne So¬ 
lutions of pH 11.5 or greater, and in acetone-water mixtures 
between the limit* of 60% and 80% of acetone by yolume; 
insoluble in water, in acetone, and in all anhydrous alcohols 
except methanol. NF category: Coating agent; wet binder. 

Zidovudrne: White to yeflowish powder. Melts at about 
124°. Exhibits polymorphism. Soluble in alcohol; sparingly 
soluble in water, 

Zileuton: White to off-white powder 

Zinc Acetate: White crystals or granules, having a slight 
acetous odor and an astringent taste, Is slightly efflorescent. 
Fredy soluble in water and in boiling alcohol; slightly solu¬ 
ble in alcohol. NF category: Emollient. 

Zinc Chloride; White or practically white, odorless, 
crystalline powder, or white or practically white crystalline 
granules. May also be in porcelain-like masses or molded 
into cylinders. Is very deliguescent. A solution (1 in 10) is 
acid to litmus. Very soluble in water; freely soluble in alcohol 
and in giycerin. Its solution in water or in alcohol is usuatly 


slightly turbid, but the turbidity disappears when a smafl 
quantity of hydrochloric add is addea. 

Zinc Cluconate; White or practically white powder or 
granules. Soluble in water; very slightly soluble in alcohol. 

Zinc Oxide: Very Nne, odorless, amorphous, white or 
yellowish white powder, free from gritty particles, ft gradu- 
alfy absorbs carbon dioxide from air. Soluble in dilute acids; 
insoluble in water and in alcohol, NF category: Antrmlcrobial 
preservative; coating agent. 

Zinc Stearafe: Fine, white, bulky powder, free from 
grittiness. Has a fatnt, characteristic odor. Is neutral to 
moistened litmus paper. Insoluble in water, tn alcohol, and 
in ether. NF category: Lubricant. 

Zinc Sulfate; Colorless, transparent prisms, or smali 
needles. May occur as a white, granular, crystalline powder, 
Is ododess and is efflorescent in dry air. Its Solutions are add 
to litmus. Very soluble in water (heptahydrate); freely solu¬ 
ble in water (monohydrate) and in gfycerin (heptahydrate); 
practically insoluble tn atcohol (monohydrate); insoluble in 
alcohol (heptahydrate). 

Zinc Undecylenate: Fine, white powder. Practically in¬ 
soluble in water and in alcohol. 

Ziprasidone Hydrochloride (anhydrous): White to 
slightly pink powder. Soluble in anhydrous formie acid; in¬ 
soluble in rt-hexane. 

Ziprasidone Hydrochloride (monohydrate): White to 
slightly pink powder. Slightly soluble in methanol and in 
methylene chloride; practically insoluble in water. 

Zolazepam Hydrochloride: White to off-white, crystal- 
line powder. Freely soluble in water and In 0.1 N hydrochlo¬ 
ric acid; soluble in methanol; slightly soluble in chloroform; 
practically insoluble in ether. 

Zofrnitriptan: White to off-white, crystalline powder. 
Freely soluble to soluble in methanol; soluble in water; spar- 
ingly soluble in dichioromethane; practically insoluble In tol- 
uene. 

Zolpidem Tartrate: White to off-white powder, hygro- 
scopic. Sparingly soluble in methanol; slightly soluble in 
water; practically insoluble in methylene chloride. 

Zonisamrde: White to off-white powden Freely soluble 
In dimethylformamide; soluble in methanol. 
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Apprpximate Solubilities of USP and NF Artlcles 



Nomie and Volume, in n 

L of Solvent 

Soltite fi al 

Water 

Boiling 

Water 

Alcohol 

Chloroform 

Ether 

Other 

Acenocoumarol 

67,000 


280 

130 

iaoo 


Acetaminophen 


20 

10 



1 N sodium hydroxide, 15 

Acetohexamide 



230 

210 



Ac etyl cysteinę 

5 


4 




Acetyldiqitoxin 

6100 


62.5 

12 

>10.000 


Ammonium Alom 

7 

0.5 





Aluminum Chloride 

0.9 


4 




Aluminum Suffate 

1 






Amantadine Hydrochloride 

2.5 


5.1 

18 


polyethylene alycol 400, 70 

Amaranth 

15 






Am ino tao roi c Acid 

3 





methanol, 450 

Amrnohioouric Acid 

45 


50 



3 N hydrochlonc add, 5 

Aminosalicylate Sodium 

2 






Ammonium Carbonate 

4 






Amodiaauine Hydrochloride 

25 


78 

>10.000 

>10.000 

benzene, 10,000 

Anethole' 



2 




Anileridlne 

>7 0.000 


2 

1 



Anileridine Hydrochloride 

5 


BO 

>10.000 

>10.000 


Antimony Potassium Tartrate 

12 

3 




qlycerin, 15 

Apomorohine Hydrochloride 

50 


50 



water at 80°, 20 

Apraclonidine Hydrochloride 

34 


74 

>10,000 


methanol, 13; ethyl acetate, 
>10,000; hexanes. >10,000 

Ascordic Acid 

3 


40 




Ascorbyt Pal mi ta te 

>1000 


125 

>1000 

>1000 


Aspirin 

300 


5 

17 

10 to 15 


Atropinę 

-i 60 


2 

1 

25 

water at 80*. 90 

Atropinę Sulfate 

0,5 

2.5 

5 



alycerin, 2.5 

Bendrofiumethiazide 



23 


200 


Ben ox i na te Hydrochloride 

0.8 


2.6 

2.5 

>10.000 


Benzalkonium Chloride (anhy- 
drous) 





100 

benzene, 6 

Gamma Benzene Hexachloride 




3.5 

40 

dehydrated alcohol, 20 

Benzelhonium Chloride 

< i 


<1 

<1 

6000 


Benzocaine 

2500 


5 

2 

4 

aimond oil or olive oil. 30^50 

Benzoic Acid 

300 


3 

5 

3 


Ben zona ta te 

<1 


<1 

<1 

<1 


Betadex 

54 






Be ta met ha sonę 

5300 


65 

325 


warrn alcohol, 75; methanol, 3 

Be ta met ha sonę Acetate 

2000 


9 

16 



Betamethasone Sodium Phosphate 

2 


470 

>1 0,000 

>10.000 


Betamethasone Va tera te 

10,000 


16 

<10 

400 


Bisacodyl 

> 10,000 


270 

2,5 

275 


Boric Acid 

IB 

4 

18 



boitinq alcohol, 6; alycerin, 4 

Bro módl phen hydra minę Hydro¬ 
chloride 

<1 


2 

2 

3500 

isopropyf alcohol, 31 

Brotnoheniramirte Maleate 

5 


1 5 

15 



Busutfan 






acetone, 45 

Butabarbital Sodium 

2 


7 

7000 

10.000 


Butamben 

7000 






ButyfaLed Hvdroxvanrsole 



4.0 

2.0 

1.2 


Butylated Hvdroxvtoluene 



4.0 

1.1 

1 1 


Caffeine fhydrousl 

50 


75 

6 

600 



ł Sofubifity data for compounds that ordinanly are !iquids at 25° are exp-essed in Łerms of the ratio of the votume of solu te to Ihe vaiume of solvent; 
i.c. y 1 mL dissolved In_mL of solvent. 

2 Uquid phase only; Silicon dioKide remains as a residue In these solyents. 
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Approjcimate Solubilities of USP and NF Articles (Continned) 



Hanie and VoIume r In ml, of SoJvent 

Solute n 

Water 

Etoiling 

Waler 

Alcohol 

Chloroform 

Ether 

Other 

Calcium Chloride 

0.7 

0.2 

4 



boilinct alcohol, 2 

Cal dum Cl u co na te 

30 ćslowlyl 

5 





Calcium Hydroxide 

630 

1300 





Calcium Lactate 

20 






Calcium Pantothenate 

3 






Calcium Sulfate 

375 

485 





Camohor 

800 


1 

0.5 

1 


Carbinoxarnfne Maleate 

<1 


1,5 

1.5 

8300 


Carisoprodol 

2083 


2,5 

23 


acetone, 2.5 

Cephaloridine 

5 


1000 

10,000 

10,000 


Cetylpyridinium Chloride 

4.5 


2.5 

4.5 



Chlorat Betaine 

1 


4 

>10,000 

>10,000 

0.1 N hydrach lor i c acid, 1; 

0,1 N sodium fwdroxide, 1 

Chi orał Hydrate 

0,25 


1,3 

2 

1.5 


Chlorambucil 






acetone* 2 

Chloramphenicol 

400 






ChlordiazeDOxide 

>10.000 


50 

6250 

130 


Chlorobulanol 

125 


1 



nlycerin, 10 

Chlorocresol 

260 


0.4 




Chloroprocaine Hydrochloride 

20 


100 




Chlorphenlramine Maleate 

4 


10 

10 



Chlorpromazine 



3 

2 

3 

benzen e. 2 

Chlorpromazine Hydrochloride 

1 


1.5 

1.5 



Ch 1 o rtetrac ydlne H vd roc li la ride 

75 


560 




Cholesterol 



100 (slow- 
lv) 



dehydrated alcohol, 50 

Citric Acid 

0.5 


2 


30 


Gindamycin Palmitate Hydrochlo- 
ride 



3 



ethyl aeetate, 9 

Clindamycin Phosphate 

2,5 


>1000 

>1000 

>1000 


Clioquinol 

>100.000 


3500 

120 

4500 


Cocaine 

600 


7 

1 

3.5 

olive ofl, 1 2; tipuid petralatum, 
80-100 

Cocalne Hydrochloride 

0,5 


3.5 

15 



Codefnę 

120 


2 

0.5 

50 


Codeine Phosphate 

2,5 


325 



boiling alcohol, 125; water at 
80". 0.5 

Codeine S uff a te 

30 


1300 



water at 80^. 6,5 

CoJriticine 

25 




220 


Cortisone Aeetate 



350 

4 


acetone. 75; dioxane, 30 

Cupric Sulfate 

3 

0,5 

500 



ctlycerin. 3 

Cya noc oba la min 

80 






Cydizlne Hydrochloride 

115 


115 

75 



CyproheDiadlne Hydrochloride 

275 


35 

26 


methand, 1.5 

Dehydrocholic Acid 



100 

35 

2200(15°) 

acetic acid at 1 5° t 135; ace- 
tone at 15% 130; benzene at 

15°, 960; ethyl aeetate at 15®, 
135 

Demedocydlne 



200 



methanol, 40 

Demedo cyc linę Hydrochloride 

60 





methanol r 50 

Denatonium flenzoate 

20 


2*4 

2.9 

5000 


Desi ora minę Hydrochloride 

12 


14 

3.5 

>10.000 


Dexamethasone Sodlum Phos¬ 
phate 

2 






Dexbrompbeniramine Maleate 

1.2 


2.5 

2 

3000 


Dexchlorphemramine Maleate 

1.1 


2 

1.7 

2500 


Dextroamphetamine Sulfate 

10 


800 




Dextramęthorphan Hydrobromide 

65 








1 Sol u bil i ty data for compounds that ordmahly are liquids at 25 are expressed In terms of the ratio of the vałume of sol u te to the votume of sotvent; 

i.e,, 1 ml dtssolved in_m!_ of solyent. 

2 Uquid phase only; Silicon dloxide remains as a residue In these sotvents. 
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ApproJtlmate Solubłlities uf USP and NF Art kies (CoMinued) 



Na me ai 

fid Volume, in mL, of Solvent 

Solu te fi a) 

Waler 

Boiling 

Water 

Ako hol 

Chloroform 

Ether 

Other 

Dextrose 

1 


100 




Diazepam 

333 


16 

2 

39 


Oibucaine 

4600 


OJ 

0,5 

1.4 


Dicyclomine HydrachlGiide 

13 


5 

2 

770 

alaciał acetic acid. 2 

DEethylpropion Hydrochloride 

0.5 


3 

3 



DiaEtoxin 



150 

40 



Dibydroeraotamrne Mesylate 

125 


90 

175 

2600 


Dimercaorol 

20 






Di m et h Estero ne 



3 

07 



Diphenhvdramine Hydrochloride 

1 


2 

2 


acetone. 50 

Disulfiram 

>5000 


30 


15 


Docusate Calcium 

3300 


>1 

>1 

>1 


Docusate Sodium 

70 fslowlvl 






Doxapram Hydrochloride 

50 






Doxvlarnine Succinate 

1 


2 

2 

370 


Dro per idol 

10.000 


140 

4 

500 


Dydonine HydrachEoride 

60 


24 

2.3 

>10.000 

hexane, >10.000 

Dydroaesterone 

>10,000 


40 

2 

200 


Echothiophate lodtde 

1 





dehydrated alcohol, 25; metfv 
anof, 3 

EdroDhonium Chloride 

0.5 


5 




Enalapriiat 

200 


>1000 



dtmethylformamide, 40; meth- 
anol. 68 

Ephedrine 

20 


0.2 




Ephedrine Hydrochloride 

3 


14 




Ephedrine Sulfate 

1.3 


90 




Eotneohnne Bitartrate 

3 






Eraotamrne Tartrate 

500 


500 




Erythromydn 

1000 






Ervthromycin Estolate 



20 

10 


acetone. 15 

Estradiol 



28 

435 

150 


Estradiol Cypionate 

>10,000 


40 

7 

2800 


Estrone 



250 (15°) 

110(15°) 


boiling a Ico hol, 50; boiling 
chloroform, 80; acetone at 

50 s # 50; boiling acetone, 33; 
bollina benzene. 145 

E strop i pa te 

>2000 


>2000 

>2000 

>2000 

warm alcahoJ. 500 

Et hac rypie Ac id 



1.6 

6 

3,5 


Ether* 

12 






Ethyl Vanillin 

T00 (50*) 


2 




Ferrous GEuconate 

5 






Ferrous Sulfate 

1.5 

0,5 





Flumethasone Piva!ate 

>10,000 


89 

350 

2800 


Fluodnolone Aceton ide 

>1000 


45 

25 

350 


FluoromeLholone 

>10.000 


200 

2200 

>10.000 


Fluphenazine Enanthate 



<1 

<1 

2 


Fluphenazine Hydrochloride 

1 A 


6.7 




Flurandrenolide 



72 

10 


methanol. 25 

Flurazepam Hydrochioride 

2 


4 

90 

5000 

methanol, 3; isopropanoi, 69; 
benzene, 2500; petroleum 
ether, 5000 

Fluroxene 

220 






Fructose 



15 



methanol, 14 

Gentian Violet 



10 



olycerin, 15 

Glyceryl Monostearate 




10.0 

100.0 

methanol, 100; isopropyl alco- 
hol. 33 

GlycEne 

4 


1254 



water at 50°, 2.6; at 75°, 1.9; 
at 100°. 1.5 


' Solubitity data lor compounds Łhat ordinarily are liquid$ at 25* are expressed in term* of the ratio of the voiume of solute to the miume of soleni; 
Le, # 1 mL dissolved _ml of solvenL 

2 Uqurd phase oniy; sEliton dioxide remains as a resrdue In these soJvents. 
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Approximate Solubilities of USP and NF Artides (Continued) 


Name and Volume, In mL, of Solyent 


Solute (1 q) 

Water 

Bolling 

Water 

Alcohol 

Chloroform 

Ether 

Other 

G[vcoovrrolate 

4 .2 


30 

260 

35.000 


I Guaifenesin 

60-70 






Halazone 

>1000 


140 

>1000 

>2000 


Haloperidol 

>10.000 


60 

15 

200 


Heparin Sodium 

20 






Histaminę Phosohate 

4 






Homatroplne Hyd robrom id e 

6 


40 

420 



Hvdrafazine Hvdrochloride 

25 


500 




Hydrocortisone 



40 



acetone, 80 

Hydrocortisone Acetate 



230 

2D0 



Hydrocortisone Sodium Phosohate 

1.5 






Hydroflumethiazide 

>5000 


39 

>5000 

2500 


Hydromorphone Hydrochloride 

3 






Hydropuinone 

17 


4 

51 

16.5 


H vdraxocobatami n 

50 


100 

10.000 

10.000 


Hydroxvzfne Hydrach ich de 

1 


4.5 

13 

>1000 


Hydroxyzine Pamoate 

>1000 


700 

>1000 

>1000 

dimethyiformamide, 10; 10 N 
sodium hvdroxide, 3.5 

Hvoscvamine Hydrobromide 



2.5 

1.7 

2300 


Hvoscvamine Sulfate 

0.5 


5 




Ichthammot 

10 






Indianbndisuffonate Sodium 

100 






Indomethacin 



50 

30 

40 


lodine 

3000 


13 



carbon disulfide, 4; glycerin, 

80 

fpodate Sodium 

<1 


2 



dimethylacetamide, 2; dimeth- 
ylformamide, 3-5; dimethyh 
suffoxide, 3.5 

1 Isoniazid 

8 


50 




Isopropamide lodide 

50 


10 

5 



Isopropyl Alcohol 

<1 


<T 

<1 

<1 


fsooroterenol Hydrochioride 

3 


50 




Isooroterenol Sulfate 

4 


>2000 

>2000 

>2000 


lsoxsuprine HydrachJoride 

500 


100 

>10,000 

>10,000 

0.1 N hydrochlpric add, 2500; 
OJ N sodium hydroxide, 100 

Ket a minę Hydrochioride 

4 


14 

60 

>10,000 

met han ol, 6; absolute alcohol, 

60 

Lactose 

5 (stawi y) 

2,6 





Levorphanol Tartrate 

50 

120 




Levothvroxine Sod tum 

700 

300 




Lisinopril 

10 

>10,000 

>10.000 

>1 0.000 

methanoL 70 

Maonesium Hydroxide 

>10.000 

>10.000 

>10.000 

>10.000 


Maanesium Sulfate 

0.8 

0.5 




afyeehn. 1 fslowfy) 

Mannitol 

5.5 






Menadione 



60 



benzene. 10; yeaetabte oils. 50 

Mesoridazine Besylate 

1 


11 

3 

6300 


Methachoiine Chloride 

1,2 


1.7 

2.1 



Metbacrylic Add Copotymer 






water in methanol (>3 in 100), 
10; water in alcohol (>3 in 

100), 10; water in isopropyl 
alcohol {>3 in 100), 10; water i 
fn acetone f>3 In 100). 10 

Methacycline Hydrochloride 

100 


300 

>1000 

>1000 

0.1 N sodium hydroxide. 25 

Methdilazine Hydrochioride 

2 


2 

6 

>10,000 

OJ N hydrochioric acid, 1; 

OJ N sodium hydroxide. 1 

Methenamine 

1.5 


12.5 

10 

320 


Methenamine Mandelate 



10 

20 

350 


Methimazole 

5 


5 

4.5 

125 



1 Soiublłity data for compounds that ordtnanly are liquids at 25 u are expressed in terrns of the ratio of the vokirrte of solute to the volunw of solvent; 

j.e,, 1 mL dissoked in__ mL of solyent. 

2 Liquid phase only; Silicon dioxide remains as a residue in these solvents. 
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Approxlmate Solubilities of USP and NF Art kies (Continued) 



Name and Vofufiie, in mL of Solyent 

Solute (1 q) 

Water 

Boiling 

Water 

Akohol 

Chloroform 

Ether 

Other 

Methocarbamol 

40 (20°1 






Methotnmeprazine 

10 


10 

2 


methanol, 10 

Metho^yflurane 

500 


<1 

<T 

<1 


Methsuximide 

350 


3 

<1 

2 


MethydoLhiazide 

>10.000 


92.5 

>10.000 

2700 


Methylbenzethonium Chlonde 

0.8 


0.9 

>10.000 

0.7 


Methylene Stue 

25 


65 




Methyleraonoyjne Maleate 

100 


175 

1900 

8400 


Methylparaben 

400 


3 


10 

water at 80°, 50 

M ethytp red n isoJ one 

10.000 


100 

800 

800 


Methylprednisolone Acetate 

1500 


400 

250 

1500 


Methylprednisolone Sodium Succi- 
nate 

1.5 


12 

>10.000 

>10.000 


Metlmeraide Maleate 

200 


165 

3400 

>10,000 


Miconazole 

>100,000 


9.5 

2 

15 

isopropyS atcohol, 4; propylene 
plycoL 9; methanol, 5.3 

Miconazole Nftrate 

6250 


312 

525 

50,000 

isoprapyl alcohof, 1408; pro¬ 
pylene glycof, 119; methanol, 
75 

Morphine Sulfate 

16 


570 



alcohol al 60°, 240; water at 
80*. 1 

Na!idixic Acid 

>1000 


910 

29 

>1000 


Neomycin Sulfate 

1 






Niadn 

60 






Nladnamide 

1.5 

1 0 

5.5 




Nifedipine 

>10,000 





acetone, 10 

Nitrafurazone 

4200 


590 



propylene qlycol. 350 

Nitromersol 

>2000 


>2000 

>2000 

>2000 


Noreplnephrine Bitartrate 

2.5 


300 




Norethindrone Acetate 

>10,000 


10 

<1 

18 

dioxane. 2 

Nortriotyline Hydrochloride 

90 


30 

20 


methanoł, 10 

Oxandrolone 

5200 


57 

<5 

860 

acetone, 69 

Oxazepam 

>10.000 


220 

270 

2200 


Oxlriphy[Jine 

1 






Oxymetazoine Hydrochloride 

6,7 


3.6 

862 



Oxvmeth olane 

>10.000 


40 

5 

82 

dioxane, 14 

Oxvmorphone Hydrochloride 

4 


100 

>1000 

>1000 

methanol, 25 

Oxytetracvcline 

4150 



>10,000 

6250 

absolute alcohol, 66 

Qxvtetracydine Calcium 

>1000 


>1000 

>1000 

>1000 

0.1 N sodium hydroxide, T 5 

Papaverine Hydrochloride 

30 


120 




Paraldehyde 

10 

17 





Paramethasone Acetate 




50 


methanol, 40 

Paromomydn Sulfate 

<1 


>10.000 

>10.000 

>10,000 


Pectin 

20 






Penidllln G BenzaLhine 

5000 


65 




Stertle Penidllin G Procatne 

250 


30 

60 



Sterile Penidllin G Sodium 

40 






Penidllln V Benzathine 

3200 


330 

42 

910 

acetone, 37 

Penidllin V Potas s tum 



150 




Pentazocine 

>1000 


11 

2 

42 


Pentazocine Hydrochloride 

30 


20 

4 

>10.000 


Pentobarbital 

>2000 


4.5 

4.0 

10 


Pen to lin fum Tartrate 

0.5 


475 

>1000 

>2000 


Perohenazine 



7 



acetone. 13 

Phenazopyridine Hydrochloride 

cTO 

20 

59 

331 

>5000 

cold water, 300; olycerin. 100 

P h en i n da minę Tartrate 

40 


350 




Pbenmetrazme Hydrochloride 

0.4 


2 

2 




1 Soiubllity data for compounds that ordiroarily are fipuids at 25° are expressed tn terms of the ratio of the votume of solute to the vofame of solvent; 
i.e,, 1 ml dissolved In mL of so1vent, 

2 Uquid phase only; Silicon dtoxide remains as a residue in these sofyents. 


Reference Tables 
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USP 40 


Approximate Soły bili ties of USP and NF Art kies (Continued) 



Name ai 

id Volume. In mL of Sofyent 

Solute (1 

Water 

Boiling 

Water 

Alcohol 

Chloroform 

Ether 

Other 

Phenobarbital 

1000 


10 




Phenol 

15 





minerał oil, 70 

Phentoiamine Mesylaie 

1 


4 

700 



Phenylethyl Alcohol 

60 


<1 

<1 

<? 

alcohol solu tron (1 in 2), 2; 
diethylphthalate, <1; benzyl 
benzoate. <1 

Phenylmercuric Acetale 

ISO 


225 

6.8 

200 


Phenylmercuric Nitrate 

600 






P h enyIpropa n olamine Hydrochlo- 
ride 

1,1 


7,4 

4100 



Physostiamine Salicylate 

75 


16 

6 

250 


Physostigmine Sulfate 

4 


0,4 


1200 


Pilotarnine Hydrochloride 

OJ 


3 

360 



Pilacarpine Nitrate 

4 


75 




Pfmlnodine Esylate 

>1000 


6 

2 

>1000 


Pimozide 

>10,000 


1000 

10 

1000 

acetone, 100; methanol, 1000; 
OJ N hydrochloride acid, 
>1000 

PoJvelhvlene Glycol 1540 

1 



3 


absolute alcohol, 100 

Polvethviene Giycol 4000 

4 


2.5 

2 



Potash. Sulfurated 

2 






Potassium Acetale 

0.5 

0,2 

3 




Potassium Alum 

7 

OJ 





Potassium Benzoate 

2 


75 



alcohol solu don f9 in 101. 50 

Potassium Chloride 

2.8 

2 





Potassium Citrate 






cilycerin. 2.5 

Potassium Cluconate 

l 






Potassium Hyriroxide 

t 


3 



otycerin, 2.5 

Potassium iodfde 

0.7 

0.5 

22 



cilycerin. 2 

Potassium Permanganate 

13 

3J 





Potassium Sodium Tartrate 

1 






Potassium Sorbate 

4,5 


35 

>1000 

>1000 


Pramoxine Hydrochloride 




35 



Prednisolone 



30 

180 


acetone, 50 

Pred ni solone Acetale 



120 




Prednisolone Hemisuccinate 

4170 


6J 

1064 

248 


Prednisolone Sodium Phosohate 

4 





melhanol, 1 3 

Pred ni sonę 



150 

200 



Prilocaine Hydrochloride 

3.5 


4.2 

175 



Primaguine Phosphate 

15 






Primidone 

2000 


200 




Procaine Hydrochloride 

! 


15 




Proch lorperazśne Edisylate 

2 


1500 




Prochiorperazlne Maleale 



1200 




Procy cli dl ne Hydrochloride 

35 


9 

o 

11,000 


Promazine Hydrochloride 

3 






ProDOxvcaine Hydrochloride 

2 


10 

>10,000 

80 


Propoxyphene Napsylate 

10.000 


15 

TO 



Propy]hexedrine 

>500 


0,4 

0.2 

0.1 


Propyl pa rab en 

2500 

400 

1.5 


3 


Protriplyline Hydrochloride 

2 


3.5 

2.5 

>10.000 


Pseudoeohedrine Hydrochloride 

0,5 


3.6 

91 

7000 


Pyrazinamide 

67 



135 

1000 

absolute alcohol, 1 75; metha- 
nof f 72 

Pvridoxine Hydrochloride 

5 


115 




Pyrilamine Maleate 

OJ 


3 

2 


absolute alcohol, 15 

Pyrimethamine 

1 

200 

125 




E Solubility data for compounds that ordinarily are liquids at 25 are expressed in terms of the ratio of the mlurne of solute to the vcivme of sofyent; 
Le., 1 ml dlssofved ln___ mL of solyent, 

• UquEd phase oniyj Silicon dioxide remains as a residue in these solyents. 
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Approximate Solubilities of USP and NF Art kies (Continued) 



Name and Volume, fil mL, of Solyent 

Solute fi q) 

Water 

Boiling 

Water 

AlcohoE 

Chloroform 

Ether 

Other 

Pyrrocaine Hydrachloride 

1.5 


12 

8 



Ouinidine Sulfate 

100 


10 

15 



Ouinine Sulfate 

500 


120 




Reseroine 



1800 

6 



Resorcinol 

1 


1 




Rotoxamine Tartrate 

10 


100 

>10.000 

>10.000 


Saccharin 

290 

25 

31 




Saccharin Caldum 

2.6 


4.7 




Saccharin Sod tum 

1.5 


50 




Salicylic Acid 

460 

15 

3 

45 

3 

benzene. 135 

Scooolamine Hydrobromide 

1.5 


20 




Secobarbitaf 






0.5 N sodium hydroxide, 8.5 

Selenium SuiFide 




161 

1667 


Sen nosi des 

35 


2100 

3700 

6100 


Sflver Ni tratę 

0.4 

0.1 

30 



boi lino alcohoL 6.5 

Simethicone* 

>10/000 



io' 

10* 

benzene, 10"; absolute alcohol, 
>10.000 

Sodium Acetale 

0.8 

0.6 

19 




Sodium Ascorbate 

1.3 






Sodium Benzoate 

2 


75 



90 percent alcohol 50 

Sodium Bk arbo na te 

12 






Sodium Bisuifite 

4 






Sodium Bora te 

16 

1 




q1ycerin r 1 

Sodium Carbonate 

3 

1.8 





Sodium Chloride 

2.8 

2.7 




olycerin. 10 

Sodium Citrate fhydrous) 

1.5 

0.Ó 





Sodium Fluortde 

25 






Sodium Formaldehvde Sulfoxvlate 

3.4 


510 

175 

180 


Sodium Hydroxide 

1 






Sodium lodide 

00 


2 



alyceria 1 

Sodium Lauryl Sulfate 

10 






Sodium N Uri te 

1.5 






Sodium Phosphate, Dried 

S 






Sodium Propipnate 

1 

0.65 

24 

>10.000 

>10.000 


Sodium Thiosulfate 

0.5 






Sorbic Acid 

1000 


10 

15 

30 

absolute alcohol, 8; methanol 

8; Dropylerte alvcol 19 

Sorbrtol 

0.45 






Stanozolol 

>1000 


41 

74 

370 


Steanc Acid 



20 

2 

3 


Sti bochen 

1 


>10.000 

>10.000 

10.000 


Sue ci nvl cholinę Chloride 

1 


350 




Sue rosę 

0.5 

0.2 

170 




Sucrose Gctaacetate 

noo 


11 



aceton e, 0.3; benzene, 0.6; tol¬ 
uen e f 0.5 

Sulconazole Ni trale 

3333 


100 

333 


pyridine, 10; methanol, 71; ac¬ 
eton e, 130; methyiene chlo¬ 
ride, 286; toluene, 2000; 
cfioxane. 2000 

Sulfacetamide Sodium 

2.5 






Sutfadiazine 

1 3.000 





human serum at 37 u . 620 

Sulfadiaztne Sodium 

2 






Sul fad i me thoxin e 



200 



2 N hydrachloric acid, 50 

Su Ifaeth idole 

>3000 


75 

1300 

1700 

methanol 51; acetone, 13; 
benzene, 2277 

SulFamelhizole 

2000 


38 

1900 

1900 

acetone, 13 

Sulfamethoxazole 

3400 


50 

1000 

1000 

earbon disuifide, 2 (slowly and 
usualiy incompłetely) 


1 Sol u bi lity data for compounds that ordinaiily are ltquids at 25 are expressed in terms of the ratro of the yofume of sol u te to the vo!ume of solvent; 
Le. f 1 mL dissolved in__ mL of solyent. 

? Uquid phase only; Silicon dioxide remains as a residue in these solvenls. 


Reference Tables 
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USP 40 


Approxlma£e Solubilitiss of USP and NF Art kies (Condnued) 



Marne ai 

%d Volume, in mL of Solyent 

Solute (1 

Water 

Bolling 

Water 

Alcohol 

Chloroform 

Ether 

Gther 

SuffaDvridine 

3500 


440 



acetone, 65 

Sulfasalazine 

>10.000 


2900 

>10.000 

>10,000 

methanol. 1500 

$Lj|frsoxazole 

7700 





boilina alcohol, 10 

SulftsoxazoJe Acetyl 



176 

35 

1064 

methanol 203 

Preclpitated Sulfur 






carbon disulfide, 2 (slowly and 
usually incompletely); olive 

Gil, 100 

Tartaric Add 

0.8 

0.5 3 


250 

methanol, 1.7 

Teroin Hydra te 

200 

35 

13 

140 

140 

bollina alcohol, 3 

Testolaetone 

*1050 






Testosterone 




2 

100 

absolute alcohol. 6 

Te trać a me 

>1000 


5 

2 

z 


Tetracydine 

2500 


50 




Tetracycline Hydrochloride 

10 


100 




Tetra hydrozoline Hydrochloride 

3.5 


7.5 

>1000 

>1000 


Theoohvltrne Sodium Cfydnate 

6 






Thiamine Hydrochloride 

1 


170 




Thlamine Mononitrate 

44 






1 Thiethyioerazrne Maleate 

1700 


530 

>10.000 

>10,000 


Thimerosal 

1 


12 




Thioquanine 



7700 




Th io t e pa 

1 1 


8,3 

1,9 

4,1 


Thiothijtene 

>10.000 



2 

120 

absolute alcohol, 1 IG 

Thiothixene Hydrochloride 

s 



280 

>10,000 

absolute alcohol, 270 

i Thymol 

1000 


1 

T 

1.5 

olive oil f 2 

Tolazofine Hydrochloride 

<1 


2 

3 

>10.000 


Triamdnolane Diacetate 



13 

80 


methanol, 40 

Triamterene 






formie acid, 30; 2-methoxyeth’ 
anoL 85 

Triazolam 

>10.000 


1000 

25 1 

>10,000 

0.1 N hydrach! oric add, 600 

Trichlormethiazide 

1100 


48 

5000 

1400 

dioxane P 9.1; dimethylfomna- 
mide, 4.35 

Trithloroethylene 

>10,000 






Tri ethy fenem el a m ine 

2.5 


13 

3.6 


methanol, 8; acetone, 9.5; 
benzene, 18 

Tri Iłu ooe razi ne H ydrochloride 

3.5 


11 

100 



TrilluDromazine Hydrochloride 

<1 


<1 

LZ 



Trimeprazine Tartrate 

2 


20 

5 

1800 


Trimethobenzamide Hydrochloride 

2 


59 

67 

720 


Trioxsałen 



1150 

84 


methylenedichloride, 43; 4- 
m ethy 1-2- pen ta nonę. 100 

Trioelennamlne Hydrochloride 

1 


6 

6 


acetone, 350 

TriDrolidine Hydrochloride 

2.1 


1,8 

1 

2000 


Tromethamine 

1,8 


45.5 

>10,000 



Tubocurarine Chloride 

20 


45 




Urea 

1.5 


10 



boillna alcohol, 1 

Vanlllin 

100 





nlycerin. 20; water at 80°. 20 

Xylometazoline Hydrochloride 

35 






Zinc Acetate 

2.5 


30 




Zinc Chloride 

0.5 


1,5 



ctlycerin, 2 

Zinc Sulfate 

0,6 





dycerin, 2,5 


1 SolubilEty data Jor compounds that ordinarlly are liquids at 25° a j e expressed in terms of the ratio of the vobme of solute to the volume of solyent; 
Le., 1 mL dissolyed in_ml_ of so3vent 

- Uquid phase only; Silicon dioxide remains as a residne in these 5olvents. 
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ATOMIC WEIGHTS 


Standard Atomie Weights of the Element*, Recommended by the Commission on Atomie Weights and Isotopic Abun- 
dances of the Internationa! Union of Pure and Applied Chemistry 
This table can be found at http://www.chem.qrrmiac.uk/iupac/AtWt, 


Reference Tables 



2522 Half-Lives of Selected Radionuclides / Reference Tables 

Half-Lives of Selected Radionuclides 


This table can be found at http://www.nist.gov/pml/data/halflife-html.cfnn. 
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Reference Tables / Atcoholometric Table 2523 


ALCOHOLOMETRIC TABLE 


Based on data appearimg in the National Bureau of Standards Bulletin, vol, 9 , pp* 424-425 (publication of the National 
Institute of Standards and Technology)* 


CD —. 

1_ m 

(33 

1 (41 

(5) 

J [61 

m 

1 _ m 

Percentaoe of C H OH 

Spetfffc ar 

-avitv in air 

Percentaqe of C >H<.OH 

Sperific qravitv in air 

By volmtte 
at 15*56 Q C 

By weiaht 

At 

25 /25' 

At 

15*56715. 

56 

By weiaht 

By volume 
at 15.56 c C 

At 

25 /25* 

At 

15.56 VT 5*56 

0 

0.00 

1.0000 

1.0000 

0 

0.00 

1,0000 

1.0000 

1 

0.8O 

0.9985 

0.9985 

1 

1.26 

0.998T 

0,9981 

2 

1.59 

0.9970 

0.9970 

2 

2.51 

0.9963 

0.9963 

3 

2.39 

0,9956 

0.9956 

3 

3.76 

0.9945 

0.9945 

4 

349 

0.9941 

0.9942 

4 

5.00 

0,9927 

0.9928 

5 

4,00 

0.9927 

0*9928 

5 

6,24 

0.9911 

0.9912 

6 

4.80 

0.9914 

0*991 5 

6 

7,48 

0.9894 

0*9896 

7 

5.61 

0*9901 

0*9902 

7 

8,71 

0.9879 

0,9881 

8 

6.42 

0.9888 

0.9890 

8 

9,94 

0,9863 

0.9867 

9 

7.23 

0,9875 

0.9878 

9 

11.17 

0.9848 

0.9852 

10 

8.05 

0.9862 

0.9866 

10 

12*39 

0.9833 

0.9839 

11 

8.86 

0,9850 

0.9854 

11 

13,61 

0.9818 

0.9825 

12 

9.68 

0.9838 

0.9843 

12 

14,83 

0.9804 

0.9812 

13 

10.50 

0,9826 

0*9832 

13 

16.05 

0.9789 

0,9799 

74 

] 1.32 

0.9814 

0.9821 

14 

1/ 26 

0.9776 

0*9787 

15 

12*14 

0.9802 

0.9810 

15 

18.47 

0*9762 

0*9774 

16 

12.96 

0*9790 

0.9800 

16 

19*68 

0.9748 

0*9763 

17 

13.79 

0,9778 

0.9789 

17 

20.88 

0.9734 

0.9751 

18 

14,61 

0*9767 

0,9779 

18 

22.08 

0.9720 

0.9738 

19 

15.44 

0.975Ó 

0,9769 

19 

23,28 

0.9706 

0.9726 

20 

16.27 

0.9744 

0,9759 

20 

24,47 

0.9692 

0.9714 

21 

17.10 

0.9733 

0.9749 

21 

25,66 

0*9677 

0,9701 

22 

17.93 

0.9721 

0,9739 

22 

26.85 

0.9663 

0*9688 

23 

18.77 

0*9710 

0,9729 

23 

28.03 

0.9648 

0.9675 

24 

19.60 

0,9698 

0,9719 

24 

29.21 

0.9633 

0.9662 

25 

20*44 

0,9685 

0,9708 

25 

30.39 

0.9617 

0.9648 

26 

2T29 

0,9673 

0,9697 

26 

31,56 

0,9601 

0.9635 

27 

22.13 

0.9661 

0*9687 

27 

32,72 

0.9585 

0.9620 

28 

22.97 

0.9648 

0.9676 

28 

33,88 

0.9568 

0,9605 

29 

23.82 

0.9635 

0.9664 

29 

35.03 

0*9551 

0*9590 

30 

24.67 

0.9622 

0.9653 

30 

36 13 

0*9534 

0.9574 

31 

25.52 

0.9609 

0.9641 

31 

37.32 

0.9516 

0.9558 

32 

26.38 

0*9595 

0.9629 

32 

38.46 

0.9498 

0.9541 

33 

27.24 

0.9581 

0.9617 

33 

39.59 

0.9480 

0.9524 

34 

28*10 

0,9567 

0*9604 

34 

40.72 

0,9461 

0.9506 

35 

28,97 

0.9552 

0.9590 

35 

41,83 

0,9442 

0.9488 

3ć 

29,84 

0.9537 

0,9576 

36 

42.94 

0.9422 

0.9470 

37 

30.72 

0*9521 

0.9562 

37 

44.05 

0.9402 

0,9451 

38 

31*60 

0*9506 

0.9548 

38 

45*15 

0.9382 

0,9432 

39 

32*48 

0*9489 

0.9533 

39 

46.24 

0,9362 

0.9412 

40 

33*36 

0.9473 

0.9517 

40 

47*33 

0,9341 

0.9392 

41 

34.25 

0,9456 

0.9501 

41 

48.41 

0.9320 

0,9372 

42 

35.15 

0.9439 

0.9485 

42 

49*48 

0.9299 

0.9352 

43 

36,05 

0.9421 

0*9469 

43 

50.55 

0,9278 

0.9331 

44 

36.96 

0.9403 

0,9452 

44 

51.61 

0,9256 

0*9310 

45 

37.87 

0,9385 

0.9434 

45 

52.66 

0.9235 

0.9289 

46 

38.78 

0.9366 

0,9417 

46 

53.71 

0,9213 

0.9268 

47 

39*70 

0,9348 

0.9399 

47 

54.75 

0.9191 

0.9246 

48 

40*62 

0,9328 

0.9380 

48 

55.78 

0.9169 

0.9225 

49 

41*55 

0,9309 

0*9361 

49 

56.81 

0.9147 

0.9203 

50 

42*49 

0.9289 

0-9342 

50 

57.83 

0.9124 

0.9181 

51 

43,43 

0.9269 

0,9322 

ST 

58.B4 

0.9102 

0.9159 

Iz 

44,37 

0.9248 

0.9302 

52 

59.85 

0,9079 

0,9137 
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IM 1 (2) 

(3) I (4) 

(S) 1 (6) 

(M 1 (8) 

Perce ntaqe ol C.H-OH 

Spedftc qravitv in air 

Percentacie of C H OH 

Specifk arayity in air 

By voli*me 
at 15.56' C 

Bv weiciht 

At 

2S/25' 

At 

15,56-/15* 

56^ 

Bv weiaht 

By vo!ume 
at 15,56"C 

At 

25V25" 

At 

^S.S6”/lS,S6* 

53 

4533 

0,9228 

0.9282 

53 

60.B5 

0.9056 

0,9114 

54 

4638 

0.9207 

0.9262 

54 

61,85 

0.9033 

0*9092 

55 

4735 

0.9185 

0,9241 

55 

62.84 

0.9010 

0,9069 

56 

4831 

0.9164 

0.9220 

56 

63.82 

0.8987 

0,9046 

57 

49.19 

0*9142 

0.9199 

57 

64.80 

0.8964 

0,9024 

5S 

50.1 7 

0,91 20 

0.9177 

58 

65,77 

0,8941 

0.9001 

59 

51.15 

0,9098 

0,9155 

59 

6673 

0.8918 

0,8978 

60 

52 J 5 

0.9076 

0.9133 

60 

67*79 

0.8895 

0.8955 

61 

53-15 

0.9053 

0*9111 

61 

68*64 

0.8871 

0*8932 

62 

5435 

0.9030 

0,9088 

62 

69.59 

0.8848 

0.8909 

63 

55.17 

0.9006 

0.9065 

63 

70.52 

0.8824 

0.8886 

64 

56.18 

0.8983 

0.9042 

64 

71.46 

0.8801 

0.8B62 

65 

57.21 

0.8959 

0.9019 

65 

72.38 

0.8777 

0.8839 

66 

53 74 

0 8936 

0,8995 

66 

73,30 

0,8753 

0,8815 

67 

59.28 

0,8911 

0,8972 

67 

74,21 

0.8729 

0,8792 

68 

60.33 

0,8887 

0.8948 

68 

75,72 

0.8706 

0,8768 

69 

61.38 

0.8862 

0.8923 

69 

76.02 

0.8682 

0.8745 

70 

62.44 

0,8837 

0.8899 

70 

76,91 

0.8658 

0.8721 

71 

63.51 

0.8812 

0.8874 

71 

77,79 

0.8634 

0.8697 

72 

64.59 

0.8787 

0.8848 

72 

78,67 

0.8609 

0*8673 

73 

65.67 

0.8761 

0.8823 

73 

79.54 

0.8585 

0.8649 

74 

66.77 

0,8735 

0.879? 

74 

80.41 

0,8561 

0*8625 

75 

67.87 

0,8709 

0.8771 

75 

81.27 

0,8537 

0.8601 

76 

68.98 

0,8682 

0.8745 

76 

82,12 

0.8512 

0.B576 

77 

7030 

0,8655 

0.8718 

77 

82,97 

0.8488 

0,8552 

78 

7133 

0,8628 

0,8691 

78 

83,81 

0.8463 

0.8528 

79 

7238 

0.8600 

0*8664 

79 

84.64 

0.8439 

0*8503 

80 

73.53 

0.8572 

0*8636 

80 

85,46 

0.8414 

0*8479 

81 

74.69 

0.8544 

0,8608 

81 

86,28 

0.8389 

0,8454 

82 

75,86 

O.B516 

0,8580 

82 

87,08 

0,8364 

0,8429 

83 

77.04 

0*8487 

0.8551 

83 

87,89 

0.8339 

0.8404 

84 

7833 

0.8458 

0.8522 

84 

88.68 

0.8314 

0.8379 

85 

79.44 

0.8428 

0.8491 

85 

89.46 

0.8288 

0.8354 

86 

80.66 

0.8397 

0.8462 

86 

90.24 

0.8263 

0.8328 

87 

SI. 90 

0.8367 

0.8432 

87 

91 111 

0.8237 

0.8303 

88 

8 3.14 

0.8335 

0,8401 

SB 

' J i / ■ 

0,82 1 1 

0.8276 

89 

84.41 

0.8303 

0*8369 

89 

92*52 

0,8184 

0*8250 

90 

85.69 

0,8271 

0.8336 

90 

93,25 

0.81 58 

0,8224 

91 

86,99 

0*8237 

0,8303 

91 

93.98 

0,8131 

0.8197 

92 

88,31 

0.8202 

0.8268 

92 

94.70 

0.8104 

0,8170 

93 

89.65 

0,8167 

0.8233 

93 

95,41 

0.8076 

0.8142 

94 

91.03 

0,8130 

0.8196 

94 

96.10 

0.8048 

0.8114 

95 

92.42 

0.8092 

0*8158 

95 

96*79 

0.8020 

0.8086 

96 

93-85 

0.8053 

0*8118 

96 

97.46 

0*7992 

0*8057 

97 

95.32 

0.8011 

0,8077 

97 

98.12 

0.7962 

0.8028 

98 

96,82 

0.7968 

0.8033 

98 

98.76 

0.7932 

0.7998 

99 

98,38 

0,7921 

0,7986 

99 

99.39 

0.7902 

0,7967 

1 00 

100.00 

0.7871 

0,7936 

100 

100,00 

0.7871 

0.7936 
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INTRINSIC YISCOSITY TABLE 


This tabJe is based on data appearing in Table 3 of ASTM Test Method D 1795 (publication of the American Society for 
Testing and Materials). 

Intrinsic Viscosity r [t]]c, at Different Vaiues of Relative Viscosity, 




Ink 


0.00 

O.OI 

0,02 

0.03 

0.04 

0-05 

0-06 

0-07 

0.08 

0.09 

1 1,1 

0.098 

0.106 

0.115 

0,125 

0-134 

0.143 

0.152 

0,161 

0.170 

0.180 

1.2 

0.189 

0.198 

0,207 

0,216 

0,225 

0.233 

0.242 

0.250 

i 0.259 

0.268 

13 

0.276 

0.285 

0,293 

0.302 

0.310 

0-318 

0-326 

0.334 

0.342 

0.3SO 

1 A 

0358 

0,367 

0-375 

0.383 

0.391 

0.399 

0.407 

0.414 

0.422 

0,430 

1.5 

0.437 

0,445 

0-453 

0.460 

0.<68 

0-476 

0.484 

0.491 

0.499 

0-507 

1.6 

0.515 

0.522 

0.529 

0.536 

0.544 

0-551 

0.558 

0.566 

0.573 

0-580 

1.7 

0.587 

0,595 

0.602 

0.608 

0.615 

0,622 

0.629 

0.636 

0.642 

0,649 

1.8 

0.656 

0.663 

0.670 

0.677 

0.683 

0.690 

0.697 

0.704 

0,710 

0.717 

1,9 

0.723 

0.730 

0.736 

0,743 

0-749 

0.756 

0,762 

0-769 

0.775 

0.782 












2.0 

0.788 

0,795 

0.802 

0.809 

0-815 

0,821 

0-827 

0-833 

0,840 

0.846 

2.1 

0.852 

0,858 

0.864 

0.870 

0,876 

0,882 

0-886 

0.894 

0.900 

0,906 

2.2 

0.91 2 

0.918 

0,924 

0.929 

0.935 

0,941 

0.948 

0,953 

0.959 

0,965 

2,3 

0,971 

0,976 

0,983 

0.988 

0.994 

1.000 

1.006 

1-011 

1.017 

1-022 

2.4 

1,028 

1.033 

1.039 

1,044 

1.050 

1-056 

1.061 

1.067 

1-072 

1.078 

2.5 

1.083 

1.089 

1.094 

1,100 

1.105 

1.111 

1.116 

1.121 

1.126 

1.1 31 

2,6 

1.137 

1.142 

1.147 

1,153 

1.158 

1.163 

1.169 

1.174 

1-179 

1.184 

2.7 

1.190 

1.195 

1.200 

1-205 

1-210 

1.215 

1.220 

1-225 

1.230 

1.235 

2.8 

1,240 

1.245 

1.250 

1,255 

1,260 

1.265 

1,270 

1,275 

1,280 

1.285 

2.9 

1 290 

1.295 

1-300 

1.305 

1,310 

1.314 

1,319 

1-324 

1.329 

1,333 












3.0 

1.338 

1-343 

1.348 

1.352 

1.357 

1-362 

1.367 

1 371 

1.376 

1,381 

3.1 

1.386 

1390 

1.395 

T .400 

1.405 

1-409 

1.414 

1.418 

1.423 

1-427 

3.2 

1,432 

1.436 

1.441 

1.446 

1.450 

1.455 

1.459 

1.464 

1.468 

1.473 

3.3 

1.477 

1.482 

1.486 

1-491 

1.496 

1,500 

1-504 

1.508 

1-513 

1,517 

3.4 

1.521 

1.525 

1.529 

1,533 

1.537 

1.542 

1-546 

1-550 

1-554 

1.558 

3.5 

1.562 

1.566 

1,570 

1-575 

1.579 

1.583 

1-587 

1,591 

L595 

1.600 

3.6 

1.604 

1,608 

1,612 

1.617 

1.621 

1.625 

1.629 

1,633 

1.637 

1.642 

3.7 

1.646 

1.650 

1.654 

1.658 

1.662 

1.666 

1.671 

1.675 

1.679 

1.683 

33 

1.687 

1.691 

1,695 

1.700 

1.704 

1.708 

1.712 

1.715 

1.719 

1-723 

3,9 

1.727 

1.731 

1.733 

1,739 

1.742 

1.746 

T .750 

1.754 

1.758 

1.762 












4.0 

1,765 

1.769 

1.773 

1-777 

1.781 

1.785 

1.789 

1.792 

1,796 

1.800 

4.1 

1,804 

1.808 

1.811 

1-815 

1,819 

1.822 

1-826 

1.830 

1,833 

1.837 

4.2 

1,841 

1.845 

1.848 

1.852 

1,856 

1.859 

1,863 

1-867 

1,870 

1.874 

4.3 

1.878 

1.882 

1.885 

1.889 

1.893 

1,896 

1,900 

1,904 

1.907 

1.911 

4.4 

1.914 

1.91 8 

1-921 

1.925 

1,929 

1.932 

1.936 

1.939 

1.943 

1,946 

4.5 

1.950 

1,954 

1.957 

1.961 

1.964 

1.968 

1.971 

1.975 

1-979 

1.982 

4.6 

1.986 

1.989 

1,993 

1.996 

2. OtO 

2,003 

2.007 

2.010 

2 013 

2,017 

4.7 

2.020 

2,023 

2.027 

2,030 

2.033 

2-037 

2.040 

2.043 

2-047 

2-050 

4.8 

2.053 

2-057 

2.060 

2,063 

2.067 

2.070 

2.073 

2.077 

2.080 

2.083 

4.9 

2.087 

2.090 

2.093 

2,097 

2.100 

2.103 

2-107 

2.110 

2.113 

2.116 












5.0 

2.119 

2.122 

2.125 

2.129 

2,132 

2.135 

2.139 

2-142 

2.145 

2.148 

5.1 

2.151 

2.154 

2.158 

2-160 

2.164 

2.167 

2.170 

2.173 

2.176 

2-180 

5.2 

2,183 

2.186 

2,190 

2-192 

2,195 

2,197 

2 2( K 

2-203 

2-206 

2,209 

5.3 

2.212 

2.215 

2.218 

2-221 

2,224 

2,227 

2.230 

2,233 

2,236 

2.240 

5.4 

2-243 

2.246 

2,249 

2,252 

2-255 

2,258 

2.261 

2-264 

2.267 

2.270 

5.5 

2,273 

2,276 

2.279 

2,282 

2-285 

2.288 

2.291 

2-294 

2.297 

2.300 

5.6 

2,303 

2.306 

2.309 

2,312 

2-315 

2,318 

2-320 

2-324 

2326 

2.329 

5,7 

2.332 

2.335 

2,338 

2-341 

2,344 

2.34? 

2-350 

2-353 

2.355 

2.358 

5.8 

2,361 

2,364 

2367 

Z370 

2-373 

2.376 

2.379 

2.382 

2.384 

2,387 


A Swedish Method CC A 27:57, Karin Wilson, Svemk Papperslidning, VoJ- 60, 1957, pp. 513 to 521, 
0 Derfved from the equaiion: ą ttl - 1 = ij v = [r|]re*l>4f # where k ę = 0,30. 
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nic 


0.00 

0.01 

0,02 

0.03 

0.04 

0,05 

0.06 

0.07 

0.08 

0,09 

5.9 

2390 

2393 

2396 

2,400 

2.403 

2.405 

2.408 

2.411 

2.414 

2.417 












6,0 

2.419 

2,422 

2,425 

2,428 

2.431 

2.433 

2.436 

2.439 

2.442 

2.444 

6/1 

2,447 

2.450 

2.453 

2.456 

2.458 

2.461 

2,464 

2.467 

2.470 

2-472 

6,2 

2.475 

2,478 

2.481 

2.483 

2.486 

2.489 

2,492 

2,494 

2.497 

2.500 

63 

2.503 

2,505 

2.508 

2.511 

2.513 

2.516 

2,518 

2.521 

2,524 

2.526 

Ó.4 

2.529 

2.532 

2.534 

2,537 

2,540 

2.542 

2,545 

2.547 

2-550 

2.553 

6.5 

2.555 

2.558 

2.561 

2,563 

2,566 

2.568 

2,571 

2.574 

2-576 

2,579 

6.6 

2.581 

2.584 

2.587 

2.590 

2,592 

2.595 

2,597 

2.600 

2,603 

2,605 

6.7 

2.608 

2.610 

2.61 3 

2.615 

2.618 

2.620 

2.623 

2,625 

2-627 

2.630 

6,8 

2,633 

2 635 

2.637 

2.640 

2.643 

2.645 

2,648 

2.650 

2.653 

2.655 

6.9 

2,658 

2,660 

2.663 

2.665 

2.668 

2-670 

2,673 

2.675 

2.678 

2.680 












7.0 

2.683 

2.685 

2.687 

2,690 

2.693 

2,695 

2.698 

2.700 

2.702 

2705 

7.1 

2,707 

2.710 

2,712 

2.714 

2,717 

2.719 

2.721 

2.724 

2.726 

2 729 

7.2 

2,731 

2.733 

2.736 

2.738 

2.740 

2.743 

2.745 

2,748 

2,750 

2 752 

73 

2,755 

2.757 

2,760 

2.762 

2.764 

2.767 

2.769 

2.771 

2,774 

2,776 

7.4 

2.779 

2.781 

2.783 

2.786 

2.788 

2.790 

2.793 

2.795 

Z 798 

2.800 

7,5 

2.802 

2.805 

2.807 

2.809 

2.812 

2.814 

2,816 

2.819 

2.821 

2,823 

7.6 

2.826 

2,828 

2.830 

2.833 

2.835 

2.837 

2,840 

2.642 

2.844 

2.847 

7.7 

2.849 

2.851 

2.854 

2.856 

2,858 

2.860 

2,863 

2.865 

2.868 

2.870 

7.8 

2.873 

2.875 

2.877 

2.879 

2,881 

2,884 

2,887 

2.889 

2.891 

2.893 

7.9 

2.895 

2,898 

7 9(l(J 

2.902 

2.905 

2-907 

2,909 

2.911 

2.913 

2.915 












8,0 

2,918 

2,920 

2,922 

2.924 

2.926 

2.928 

2.931 

2.933 

2.935 

2,937 

8J 

2,939 

2.942 

2,944 

2.946 

2.948 

2,950 

2.952 

2.955 

2.957 

2,959 

8,2 

2,961 

2.963 

2,966 

2.968 

2.970 

2.972 

2.974 

2,976 

2,979 

2.981 

83 

2.983 

2.985 

2.987 

2.990 

2.992 

2.994 

2,996 

2.998 

3.000 

3.002 

8.4 

3.004 

3.GGÓ 

3.008 

3,010 

3.012 

3.015 

3,017 

3.019 

3,021 

3,023 

8.5 

3.025 

3.027 

3.029 

3,031 

3.033 

3.035 

3.037 

3.040 

3.042 

; uli 

8.6 

3.046 

3,048 

3,050 

3.052 

3,054 

3.056 

3,058 

3,060 

3.062 

3,064 

8.7 

3.067 

3-069 

3.071 

3.073 

3.075 

3.077 

3.079 

3,081 

3.083 

3,085 

8.8 

3.087 

3,089 

3 092 

3.094 

3.096 

3.098 

3,100 

3.102 

3.104 

3.106 

8.9 

3,108 

3.110 

3.112 

3.114 

3-116 

3,118 

3.120 

3.122 

3.124 

3.126 












9,0 

3.T28 

3,130 

3,132 

3.134 

3,136 

3,138 

3,140 

3.142 

3.144 

3.146 

9.1 

3,148 

3,150 

3,152 

3,154 

3.156 

3.158 

3.160 

3,162 

3.164 

3,166 

9,2 

3.168 

3.170 

3,172 

3,174 

3.176 

3.178 

3.180 

3.182 

3.184 

3.186 

93 

3,188 

3.190 

3,192 

3.194 

3.196 

3,198 

3.200 

3-202 

3.204 

3,206 

9.4 

3,208 

3.210 

3,212 

3.214 

3.215 

3.217 

3.219 

3,221 

3.223 

3,225 

9.5 

3.227 

3,229 

3.231 

3.233 

3.235 

3.237 

3.239 

3-241 

3-242 

3,244 

9,6 

3.246 

3,248 

3,250 

3.25 2 

3-254 

3.256 

3.258 

3,260 

3.262 

3.264 

9.7 

3.266 

3.268 

3.269 

3.271 

3-273 

3,275 

3.277 

3.279 

3.281 

3.283 

9.8 

3.285 

3.287 

3.289 

3.291 

3.293 

3.295 

3.297 

3,298 

3,300 

3.302 

9.9 

3304 

3305 

330 7 

3.309 

3 311 

3,313 

3,316 

3,318 

3.320 

3.321 













0,0 

0-1 

0,2 

0,3 

0.4 

0,5 

0.6 

0.7 

0.8 

0,9 

10 

332 

3.34 

3,36 

3.37 

3.39 

3.41 

3,43 

3,45 

3.46 

3.48 

11 

330 

3.52 

333 

3.55 

3.56 

3.58 

3.60 

3.61 

3.63 

3,64 

12 

3-66 

3.68 

3,69 

3.71 

3.72 

3,74 

3.76 

3.77 

3.79 

3,80 

13 

3-80 

3,83 

3,85 

3.86 

3.88 

3.89 

3.90 

3.92 

3.93 

3,95 

14 

3,96 

3.97 

3,99 

4.00 

4.02 

4.03 

4.04 

4,06 

4,07 

4.09 

15 

4.10 

4.11 

4,13 

4.14 

4.15 

4.17 

4.18 

4,19 

4,20 

4.22 

16 

4.23 

4.24 

4.25 

4.27 

4,2B 

4.29 

4.30 

4,31 

4.33 

4.34 

17 

435 

4.36 

437 

4.38 

4-39 

4,41 

4,42 

4.43 

4.44 

4.45 

18 

4,46 

4.47 

4.48 

4.49 

4,50 

4,52 

4.53 

4,54 

4.55 

4,56 

19 

4,57 

4.58 

4,59 

4.60 

4-61 

4,62 

4,63 1 4.64 

4.65 

4.66 


* Swedish Method CCA 27:57, Karin Wilson, Svemk Pappersttdfting, Vol, 60, 1957, pp. 513 to 521, 
0 Derived from the equatton: - 1 = ij,,, = (ąJc^hK # whem k' = 0.30, 
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Abaca-Acety 1-1 


Combined lndex to USP 40 and 
NF 35, Volumes 1-4 


Page citations refer to the pages of Volumes 1, 2, 3, and 4 of USP 40-NF 35. This index is repeated in its 
entirety in each vo!ume. 


1-2526 Volume 1 
2527-4740 Volume 2 
4741-6778 Volume 3 
6779-7969 Volume 4 


Numbers in angle brackets such as <421) refer to chapter numbers in the General Chapters sectton. 


A 

Abacavir 

ora) solution, 2527 
suJfate, 2531 
tablets, 2528 

and Jamivudine tablets, 2529 
Abiraterone 
acetale, 2532 
acetale tablets, 2534 
Absotute 
alcohol, 2329 
ether, 2327 
Ab sor babie 

dusting powder, 3926 
gelatin fłfm, 4384 
gelatin sponge, 4384 
surgical sulure, 6296 
Adsorbent 
cotton, 2327 
gauze, 4382 
odorless paper, 2375 
Acacia, 7495 
syrup, 7495 
Acarbose, 2536 

Acebutolol hydrochloride, 2537 
capsules, 2538 
Aeepromazine maleate, 2540 
injection, 2541 
tablets, 2542 

Atesulfame potassium, 7496 
Acetal, 2327 
Acetaldehyde, 2327 
TS, 2411 

Acetaminophen, 2542 
aspirin and caffeine tablets, 2550 
and aspirin tablets, 2549 
bulalbital and caffeine capsules, 3090 
bulalbital and caffeine tablets, 3091 
and caffeine tablets, 2551 
capsules, 2544 

and {salts of) chlorpheniramine, 
dexlromethorphan, and 
pseudoephedrine, ca psuł es containing at 
least three of the following, 2552 


and (salts of) chbrpheniramine, 
dextromethorphan, and 
pseudoephedr ne, orał powder 
containing at least three of the 
following, 2555 

and (salts of) thlorpheniramrne, 
dextromelhorphan, and 
pseudoephedrine, orał solution 
containing at least three of the 
foli owi ng, 2557 

and (salts of) ditorpheniramine, 
dextromethorphan, and 
pseudoephedrine, tablets containing at 
least three of the following, 2559 
chlorpheniramine maleate, and 
d ex tromethorph an hy d robrom i d e 
tablets, 2561 

and codeine phosphate capsules, 2563 
and codeine phosphate orał solution, 2564 
and codeine phosphate orał suspension, 
2565 

and codeine phosphate tablets, 2566 
d extro meth orpha n hyd ro bro m i de, 
doxy]amine succinate, and 
pseudoephedrine hydrochloride orał 
solution, 2567 

and diphenhydramine ci tratę tablets, 2569 
diphenhydramine hydrochloride, and 
pseudoephedrine hydrochloride tablets, 
2570 

and hydrooodone bitartrate tablets, 4501 
isometheptene muca te, and 
dichloraJphenazone capsules, 4692 
and oxycodone capsules, 5516 
and oxycodone tablets, 5517 
and pentazocine tablets, 5625 
and pseudoephedrine hydrochloride 
tablets, 2571 
orał solution, 2545 
for effervescent o'al solution, 2545 
suppositories, 2546 
orał suspension, 2547 
tablets, 2547 

extended-re!ease tablets, 2548 
and tramadol hycrochforide orał 
suspension, 6538 

and tramadol hydrochloride tablets, 25 72 
Acetamlide, 2327 


Acetate 

methyl, 2370 
Acetate buffer, 2340 
TS, 2411 

Acetazolamide, 2577 
for injection, 2578 
orał suspension, 2579 
tablets, 2579 
Acetic acid, 2328, 7497 
ammonium acetate buffer TS, 2412 
diluted, 2328, 2353, 7497 
double-normal (2 N), 2424 
glacial, 2328, 2361, 2580 
g la ciał, TS, 2412, 2415 
and hydrocortisone otic solution, 4510 
irrigation, 2581 
metaphosphoric, TS, 2418 
otic solution, 2581 
Strong, TS, 2412 

1 M TS, 2411 

2 M TS, 2412 

Acetk acid in peptides, 393 
Acetic anhydrlde, 2328 
Acetohexamide, 2581 
tablets, 2582 

Acetohydroxamic acid, 2582 
tablets, 2583 
Acetone, 2328, 7498 
anhydrous, 2328 
buffered, TS, 2328, 2412, 2413 
Acetonitrile, 2328 
spectrophotometric, 2328 
Acetophenone, 2328 
p-Acetotoluidide, 2328 
Acetyl acetone, 2328 
Acetyl chloride, 2328 
Acetyl cholinę chloride, 2328, 2584 
for ophthalmic solution, 2585 
Acetylcysteine, 2586 

and isoproterenol hydrochloride inhalation 
solution, 2587 
solution, 2586 
N-Acetylglucosamine, 6781 
3-Acetylthio-2-methylpropanok acid, 2328 
Acetyltributyl citrate, 749 9 


ndex 





ndex 


f-2 Acety-Alumi 


Combined lndex to USP 40 and NF 35 


Acetyl triethyl dtratę, 7499 
N-Acetyltyrosine, 6782 
N-Acetyl-l-tyrosine ethyl ester, 2329 
Acid 

acrylic, 2329 
alpha lipoic, 7076 
dehydroacetic, 7630 
fenie chloride TS, 2412 
ferrous sulfate TS, 2412 
iminodiacetic, 2365 
stannous chloride TS, 2412 
stannous chloride TS, stronger, 2412 
Acid-neutrallzing capacity <301), 316 
Acidulated phosphate and sodium fluoride 
topical solution, 6190 
Acitretin, 2588 
capsules, 2589 

Acoustic emlssion <1005), 832 
Acrylic acid, 2329 
Activated 
alumina, 2329 
charcoal, 2329, 3344 
magnesium silicate, 2329 
Acydovir, 259T 
capsules, 2592 
for injection, 2592 
ointment, 2593 
orał suspension, 2594 
tablets, 2595 
Adamantane, 2329 
Adapalene, 2596 
gel, 2598 

Ademetionine disulfate tosylate, 6783 
Adenine, 2600 
sulfate, 2329 
Adenosinę, 2600 
injection, 2601 
Adipic acid, 2329, 7500 
Admissions 
to NF 35, 7483 
to USP 40 t xxxiii 

Adulteration of dietary supplements with 
drugs and drug analogs <2251), 2285 


Aerosol 

Bad traci n and polymyxin B sulfate topical, 
2939 

Benzocaine, butamben, and tetracaine 
hydrochloride topical, 2979 
Benzocaine and menthol topical, 2981 
Benzocaine topical, 2970 
Betamethasone dlpropbnate topical, 3005 
Dexamethasone sodium phosphate 
inhalation, 3679 
Dexametha$gne topical, 3671 
Epinephrine b i tar tratę inhalation, 4002 
Epinephrine inhalation, 3 999 
Ergotaminę tartrate inhalation, 4023 
Fluticasone proptonate and salmeterol 
inhalation, 4303 

Fluticasone propionate inhalation, 4288 
Inhalation and nasal drug products: 
aerosols, sprays, and powders— 
performance gualily łests (601), 472 
Isoetharine mesylate inhalation, 4686 
Isoproterenol hydrochloride inhalation, 
4700 

Isoproterenol hydrochloride and 
phenylephrine bitartrate inhalation, 4702 
Isoproterenol sutfate inhalation, 4705 
Lidocaine topical, 4845 
Metaproterenol sulfate inhalation, 5040 


Polymyxin B sulfate and bacitracin zinc 
topical, 5752 

Poyidone-iodlne topical, 5793 
Terbutaline sulfate inhalation, 6375 
Thimerosal topical, 6439 
Tolnaftate topical, 6517 
Triamcinolone acetonfde topical, 6559 


Agar, 2329, 7501 
Ag a rosę, 2329 
Air, medicaf, 2602 
Air-helium certified standard, 2329 
Alaninę, 2603 
L-Alanyl-L-glutamine, 6784 
Albendazole, 2604 
orał suspension, 2604 
tablets, 2605 
Albumen TS, 2412 
Albumin 

bovine serum, 2329 
human, 2606 
rAlbumin human, 7502 
Albuterol, 2606 
sulfate, 2611 
tablets, 2607 

extended-release tablets, 2608 
Alclometasone dipropionate, 2612 
cream, 261 3 
ointment, 2614 
Alcohol, 2329, 2615 
70 percent, 80 percent, and 90 percent, 
2329 

absofute, 2329 
aldehyde-free, 2329 

alpha-(2'(methylamino)ethy!)benzyi, 2330 
amyl, 2329 

£ert-amyt, 2329, 2333, 2365 
butyl, 7544 

dehydrated, 2329, 2349, 2616 
dehydrated isopropyl, 2329 
denaturated, 2329 
denaturated, TS, 2414 
determination (611), 503 
in dextrose injection, 2619 
diluted, 2329, 7504 
injection, dehydrated, 2618 
isobutyl, 2329 
isopropyl, 2329 
methyi, 2329 
neutralized, 2329, 2373 
phenol TS, 2412 
^propyl, 2330 
rubbing, 2619 
secondary butyf, 2330 
tertiary butyl, 2330 
Alcohol ic 

ammonia TS, 2412 
mercuric brom id e TS, 2412 
potassium hydroxide TS, 2412 
potassium hydroxide TS 2, 2420 
TS, 2412 

Alcoholometric table, 2523 
Aldehyde dehydrogenase, 2330 
Alendronate sodium, 2620 
tablets, 2622 
Alfadex, 7505 
Alfentanil 

hydrochloride, 2623 
injection, 2624 

Alfuzosin hydrochloride, 2625 
extended-release tablets, 2626 
Alginates assay <311), 317 
Alginic acid, 7506 


Alizarin complexone, 2330 
Alkaline 

borate buffer, 2340 
cupric citrate TS, 2412 
cupric dtrate TS 2, 2412 
cupric iodtde TS, 2412 
cupric tartrate TS, 2412 
mercuric-potassium iodide TS, 2412 
phosphatase enzyme, 2330 
picrate TS, 2412 
pyrogallol TS, 2420 
sodium hydrosulfite TS, 2412 
Alkyl (Cl 2-15) benzoate, 7507 
Alkylphenoxypolyethoxyethanof, 2330 
Aliantom, 2631 
Allopurinol, 2632 
orał suspension, 2634 
tablets, 2634 
Allyl isothiocyanate, 2635 
Almond oll, 7507 
Almotrlptan 
tablets, 2638 

Almotriptan malate, 2635 

Aloe, 2639 

Alpha 

lipoic acid, 7076 
Alpha-chymotrypsin, 2330 
Alpha cydodextrin hydrate, 2330 
Alpha-(2-(methylamino)ethyl)benzyl alcohol, 
2330 

Alphanaphthol, 2330 
Alphazurine 2G, 2407 
Alprazolam, 2641 
orał suspension, 2642 
tablets, 2642 

extended-reiease tablets, 2644 
orally disintegrating tablets, 2648 
Atprenolol hydrochloride, 2330 
Alprostadl!, 2649 
injection, 2652 
Altepfase, 2652 
for injection, 2655 

Al terna tive mlcrobiological sampiing methods 
for nonsterile inhaled and nasal products 
<610), 501 
Altretamine, 2658 
capsules, 2658 
Alum, 2330 

ammonium, 2330, 2659 
potassium, 2381, 2660 
Alumina, 2330 
activated, 2329, 2330, 2333 
anhydrous, 2330 

aspirin, codeine phosphate, and magnesia 
tablets, 2883 

aspirin, and magnesia tablets, 2877 
aspirin, and magnesium oxide tablets, 

2878 

magnesia, and caicium carbonate 
chewable tablets, 2663 
magnesia, caicium carbonate, and 
simethicone chewable tablets, 2664 
magnesia, and caicium carbonate orał 
suspension, 2662 
magnesia, and simethicone ora! 
suspension, 2666 

magnesia, and simethicone chewable 
tablets, 2668 

and magnesia orał suspension, 2660 
and magnesia tablets, 2661 
magnesium carbonate, and magnesium 
oxide tablets, 2671 

and magnesium carbonate orai suspension, 
2669 

and magnesium carbonate tablets, 2670 
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Al u mina (continued) 

and magnesium trisificate orał suspensbn, 
2672 

and magnesium trisificate tablets, 2673 
Alu mi non, 2330 
Afuminum, 2330 
acetate topical solution, 2674 
chloride, 2674 
chlorohydrate, 2675 
chlorohydrate solution, 2676 
chlorohydrex polyethylene glycol, 2677 
chlorohydrex propylene glycol, 2678 
diehlorohydrate, 2678 
d ich loro hydra te solution, 2679 
dtchlorohydrex polyethylene glycol, 2681 
dśchlorohydre* propylene glycol, 2681 
hydroxide gel, 2682 
hydroxide gel, dried, 2682 
hydroxide gel capsules, drted, 2683 
hydroxIde gel tablets, dried, 2683 
monostearate, 7509 
oxide, 7510 

oxide, acid-washed, 2330 
phosphate gel, 2684 
potassium sulfate, 2331 
sesquichlorohydrate, 2684 
sesquich[orohydrate solution, 2685 
sesqutchlorohydrex polyethylene glycol, 
2685 

sesqukhlorohydrex propylene glycol, 2686 
subacetate topical solution, 2686 
sulfate, 2687 

sulfate and calcium acetate tablet for 
topical solution, 2688 
zirconium octaehlorohydrate, 2689 
zirconium octach loro hydra te solution, 

2690 

zirconium octachlorohydrex gly, 2691 
zirconium octachlorohydrex gly solution, 
2692 

zirconium pentachlorohydrate, 2693 
zirconium pentachlorohydrate solution, 
2694 

zirconium pen ta chloro hydr ex gly, 2695 
zirconium pentach!orohydrex gly solution, 
2696 

zirconium tetra chloro hydra te, 2697 
zirconium te trach loro hydra te solution, 

2698 

zirconium tetrach loro hydr ex gly, 2699 
zirconium tetrachlorohydrex gly solution, 
2700 

zirconium tnchlorohydrate, 2701 
zirconium tnchlorohydrate solution, 2702 
zirconium trichlorohydrex gly, 2703 
zirconium tri chloro hydrę* gly solution, 
2704 

Aluminum (206), 260 
Aluminum sulfate 

and cafdum acetate for topical solution, 
2687 

Amantadine hydrochloride, 2705 
capsules, 2706 
ora! solution, 2707 
Amaranth, 2331 
TS, 2412 

Amdnonide, 2707 
cream, 2708 
ointment, 2709 
American ginseng, 6786 
capsules, 6790 
extract, powdered, 6789 
powdered, 6787 
tablets, 6792 


Amifostine, 2709 
for injection, 2710 
Amikacin, 2712 
sulfate, 2713 
sulfate injection, 2714 
Amiloride hydrochloride, 2714 
and hydrochlorcthiazide tablets, 2717 
tablets, 2715 
Amiloxate, 2719 
Aminoacetic add, 2331 
4-Aminoantipyrinej 2331 
Aminobenzoate 
potassium, 2720 
potassium capsules, 2722 
potassium for orał solution, 2723 
potassium tablets, 2724 
sodium, 2724 
Aminobenzoio a ad, 2725 
gel, 2726 

topical solution, 2727 
p-Aminobenzok acid, 2331 
2-Aminobenzonitrile, 2331 
Aminocaproic acid, 2727 
injection, 2728 
orał solution, 2728 
tablets, 2729 

4-Amino-6-chloro-1,3-benzenedisulfonamide, 
2331 

4-Amino-2-chlorobenzo3c acid, 2331, 2346 

1- Amino-S-chlorobenzophenone, 2331, 2346 
7 - A m i n □ d es acetoxy c ep ha I osp o ra n I c ac id, 

2331 

2- Ammoethyl diphenylborinate, 2331 
1 -{2-Ammoethyl)piperazme, 2331 
Aminogfutethimide, 2729 

tablets, 2731 

Aminoguanidine blcarbonate, 2331 
2-Aminoheptane, 2331 
Ai-Amlnohexamethylenefmine, 2331 
Aminohippurate sodium injection, 2732 
Aminohippuric acid- 2732 
4-Amino-3-hydroxy-1 -naphthalenesul/onic 
acid, 2331, 2331 
AminoIevulinic acid 
hydrochloride, 2733 
Amino methacrylate copolymer, 7511 
1,2,4-AminonaphLholsulFonic acid, 2331 
AminonaphthoJsulfcnic acid TS, 2412 
Aminopentamlde sulfate, 2734 
injection, 2734 
tablets, 2735 

2- Am ino p hen o I, 2331 

4-Aminophenol in acetaminophen-conlaining 
drug products (227), 288 
m-Amlnophenol, 2331 
p-Aminopheno!, 2332 
Aminophylline, 2735 
injection, 2737 
orał solution, 2739 
rectal solution, 2741 
suppositories, 2742 
tablets, 2742 

delayed-release taolets, 2744 

3- Amino-l -propanol, 2332 

3-Aminopropionlc acid, 2332 
Aminosalicylate sodium, 2745 

tablets, 2747 
Aminosalicylic acid, 2748 
tablets, 2750 

3-Aminosalicylic ade, 2332 
Amiodarone 

hydrochloride injection, 2753 
Amiodarone hydrochloride, 2751 
orał suspenslon, 2755 


Amitraz, 2756 
concentrate for dip, 2757 
Amitriptyline hydrochloride, 2758 
and chlordiazepoxide tablets, 3358 
injection, 2759 

and perphenazine tablets, 5652 
tablets, 2759 
Amfodipine 
orał suspension, 2760 
and benazeprll hydrochloride capsules, 
2761 

and ualsartan tablets, 2763 
valsartan and hydrochlorothiazide tablets, 
2767 

Amlodipine besylaie, 2772 
tablets, 2773 
Ammonia 
aicohofk TS, 2412 
detector tubę, 2332 
N 1 3 injection, 5369 
nitra te TS, silver, 2420 
solution, diluted, 2332 
solution, strong, 7513 
spirit, aromatic, 2775 
TS, 2332, 2412 
TS 2, 2412 
TS a I co hol i c, 2412 
TS stronger, 2412 
water, stronger, 2332, 2395, 2412 
water, 25 percent, 2332 
Ammonia-ammonium chloride buffer TS, 
2412 

Ammoniatal potassium fenicyanide TS, 2412 
Ammonia-cyanide TS, 2412 
Ammoniated cupric oxide TS, 2412 
Ammonio methacrylate copolymer, 7513 
dispersion, 7515 
Ammonium 
acetate, 2332 
acetate TS, 2412 
alum, 2659 
blcarbonate, 2332 
bisulfate, 2332 
bromsde, 2332 
carbonate, 2332, 7516 
carbonate TS, 2412 
carbonate TS 2, 2412 
chloride, 2332, 2775 
chJortde-ammonium hydroxide TS, 2412 
chloride injection, 2775 
chloride, potassium gluconate, and 
potassium citrate orał solution, 5781 
chloride delayed-release tablets, 2776 
chloride TS, 2412 
dtrate, dibask, 2332, 2350 
citrate, ferrk, 2776 
dtrate for orał solution, ferrrc, 2777 
dihydrogen phosphate, 2332 
fluoride, 2332 
forma te, 2332 
glycyrrhrzate, 7516 
hydroxide, 2332 
hydroxide 6 N, 2332 
molybdate, 2332, 2777 
molybdate injection, 2778 
molybdate TS, 241 3 
nitrate, 2332 
nitra te, ceric TS, 241 3 
nitrate TS, sihrer, 2420 
oxalate, 2332 
oxalate TS, 2413 
persuifate, 2332 
phosphate, 7517 
phosphate, dibask, 2332, 2351 
phosphate, dibask, TS, 2413 
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Ammonium (continued) 
phosphate, monobasic, 2332 
polysułflde TS, 2413 
pyrrolidinedithiocarbamate, 2332 
pyrrolidinedithiocarbamate, saturated, TS, 
2413 

reineckate, 2332 
reineckate TS, 2413 
sulfamate, 2332 
sulfate, 2332, 7518 
sulfate, cuprSc TS, 2414 
sulfate, ferric TS, 2415 
sulfideTS, 2413 
thiocyanate, 2332 

thiocyanate, tenth-normiaf (0.1 N), 2424 
thiocyanate TS, 2413 
va nada te, 2332 
va nada te TS, 2413 
Ammonium hydroxide 

1 M TS, 2413 

2 M TS, 241 3 
Amobarbital sodium, 2779 

for injection, 2779 

and secobarbital sodium capsules, 6133 
Amodiaquine, 2780 
hydrochloride, 2781 
hydrochloride tablets, 2781 
Amoxapine, 2782 
tablets, 2784 
Amoxidllin, 2785 
boiuses, 2786 
capsules, 2787 

and davulanate potassium for orał 
sus pen sion, 2791 

and davulanate potassium tablets, 2792 
and davulame actd extended-release 
tablets, 2793 

for injectabfe suspension, 2788 
intramammary infusion, 2787 
orał suspension, 2788 
for orał suspension, 2789 
tablets, 2789 

tablets for orał suspension, 2790 
Amphetanmne 
sulfate, 2796 
sulfate tablets, 2797 
Amphoteridn B, 2798 
cream, 2799 
for injection, 2799 
lotion, 2799 
ointment, 2800 
Amprcillin, 2800 
boluses, 2805 
capsules, 2806 

for injectable suspension, 2008 
for injection, 2807 

and probenecid for orał suspension, 2811 
sodium, 2812 
soluble powder, 2808 
and sulbactam for injection, 2813 
for orał suspension, 2809 
tablets, 2810 
Amproffum, 2814 
soluble powder, 2814 
orał solution, 2815 
Amyl 

acetale, 2329, 2333, 2365 
alcohol, 2333 
nftrite, 2815 
nitrite intialant, 2816 
ct-Amylase, 2333 
Amylene hydrate, 7519 
ferf-Amyl alcohol, 2333 
Anagrelide 
capsules, 2818 


hydrochloride, 2816 
Analysis of biological assays (1034), 950 
Analytical data—interpretation and treatment 
(1010), 836 

Analytical instrument gualification <1058), 
1137 

Analytical procedures for recombinant 
therapeutk mon oclona! antibodies (129), 
221 

Anastrozole, 2819 
tablets, 2820 

Anctllary materisls for celi, gene, and tissue- 
engineered products <1043), 982 
Andrographis, 6793 
extract, powdered, 6797 
powdered, 6795 
Anethole, 7519 
(£)-Anethole, 2333 
An gust i folia 

extract, powdered echinacea, 6928 
powdered echinacea, 6926 


Anhydrous 

acetone, 2328 

alumina, 2333 

barium chloride, 2333 

calcium chloride, 2333 

calcium phosphate, dibasic, 3151 

citric acid, 3454 

cupric sulfate, 2333 

dibasic sodium phosphate, 2333 

magneslum perchlorate, 2333 

magnesium sulfate, 2333 

methanol, 2333 

potassium caroonate, 2333 

sodium acetale, 2333 

sodium carbonate, 2333 

sodium phosphate, monobasic, 2393 

sodium sulfate, 2333 

sodium sulfite. 2333 


Anileridine, 2822 
hydrochloride, 2824 
hydrochloride tablets, 2824 
injection, 2823 
Anilinę, 2333 
blue, 2333 
sulfate, 2333 

Animal drugs for use in animal feeds (1152), 
1568 

Anion-exchange resin 
strong, lightly cross-linked, in the chloride 
form, 2333 

50- to 100-mes h, styrene-dmnylbenzene, 
2333, 2396 

styren6’diviny benzene, 2333 
p-Antsaldehyde, 2334 
Anise oil, 7521 
p-Anisrdine, 2334 
Anlsofe, 2334 
Annotations 
to NF 35, 7484 
to USP 40, xxxvi 
Antazolinę phosohate, 2825 
Anthracene, 2334 
Anthralin, 2826 
cream, 2827 
olntment, 2828 

Anthrax vaccine adsorbed, 2828 


Anthrone, 2334 
TS, 241 3 

Antibiotics—microbial assays <81), 143 
Anhcoagulant 

citrate dextrose solution, 2632 
citrate phosphate dextrose solution, 2833 
citrate phosphate dextrose adenine 
solution, 2834 
heparin solution, 4474 
sodium citrate solution, 2836 
Antf-D reagent, 2334 
Antl-D (Rh 0 ) reagent, 2334 
Anti-factor Xa and anti-factor fla assays for 
unfractionated and Iow molecular weight 
heparins (208), 266 
Antifoam reagent, 2334 
Antihuman globulin reagent, 2334 
Antimicrobial 

agents—content (341), 318 
effectivene$s testing (51), 111 
Antimony 

pentachloride, 2334 
potassium tarlrate, 2836 
sodium lartrate, 2837 
tri chloride, 2335 
trichloride T5, 2413 
Antipyrfne, 2837 

and benzocaine otic solution, 2838 
benzocaine, and phenylephrine 
hydrochloride otic solution, 2839 
Antithrombln Itl, 2335 
human, 2840 

Apomorphine hydrochloride, 2841 
tablets, 2843 

Apparent intrinsic dissolution—dissolution 
testing procedures for rotating dlsk and 
stationary disk <1087), 1273 
Applications of mass spectrometry <1736), 
2093 

Applications of nudear magnetic resonance 
spectroscopy <1761), 2115 
Application of water actmty determination to 
non ster ile pharmaceutical products (1112), 
1416 

Apradontdine 
hydrochloride, 2843 
ophthalmlc solution, 2844 
Aprepitant, 2845 
capsules, 2846 
Aprobarbital, 2335 
Aprotinin, 2848 
injection, 2851 

Arcitumomab injection, technetium Tc 99m, 
6335 

Argatroban, 2852 
Argintne, 2854 
capsules, 6798 
hydrochloride, 2855 
hydrochloride injection, 2856 
tablets, 6799 
Aripiprazole, 2857 
orally disintegrating tablets, 2860 
tablets, 2858 
Aromatic 
castor oil, 3235 
elixir, 7521 
Arsaniltc acid, 2861 
Arsenazo Ul add, 2335 
Arsenie 

in reagents, 2324 
trioxide, 2335 
Arsenie (211), 272 
Articaine 

hydrochloride, 2862 
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Articaine (continued) 
hydrochloride and epinephrine injection, 
2364 
Artides 

admitted to NF 35 by supplements, 7483 
admitted to USP 40 by supplements, xxxiH 
induded In USP 39 but not inciuded in 
USP 40, xxxv 

appearing in USP 40 that were not 
induded in USP 39 including 
supplements, xxxlv 
of Incorporadon, xxviii 
Artides of botankal origin (561), 426 
Ascorbic acid, 2335, 2865 
injection, 2866 
orał solution, 2867 
tablets, 2867 
10% TS, 2413 
Ascorbyl palmitate, 7521 
Ashwagandha rool, 6800 
extract, powdered, 6804 
powdered, 6802 
Asian ginseng, 6805 
extract, powdered, 6808 
powdered, 6807 
tablets, 6809 
Asparagine, 7522 
L-Asparagine, 2335 
Aspart 

insulin, 4608 
Aspartame, 7523 
acesulfame, 7524 
As partie acid, 2868 
L-Aspartic acid, 2335 
Aspirin, 2869 

acetaminophen and caffeine tablets, 2550 
and acetaminophen tablets, 2549 
alumina and magnesia tablets, 2877 
alumina and magneslum oxide tablets, 
2878 

boluses, 2870 

butalbltal, and caffeine capsules, 3093 
butalbital, caffeine, and codeine phosphate 
capsules, 3096 

buLalbital, and caffeine tablets, 3094 
and butalbitaf tablets, 3091 
caffeine, and dihydrocodeine bitartra te 
capsules, 2881 
capsules, 2871 

delayed-felease capsules, 2872 
cansoprodol, and codeine phosphate 
tablets, 3212 

and carisoprodol tablets, 3211 
codeine phosphate, alumina, and 
magnesia tablets, 2883 
and codeine phosphate tablets, 2882 
effervescent tablets for ora! solution, 2876 
orphenadrine ci tratę and caffeine tablets, 
5462 

and oxycodone tablets, 5518 
and pentazocine tablets, 5627 
suppositories, 2872 
tablets, 2873 
tablets, bgffered, 2874 
delayed-release tablets, 2875 
extended~release tablets, 2876 
Assay 

atginates (311), 317 
antibiotics, iodometrk (425), 353 
for citric acid/dtrate and phosphate (345), 
323 

cobalamin radiotracer (371}, 324 
dexpanthenot (115), 203 
epinephrine (391), 331 
folie acid (411), 345 


niadn or niacinamide (441), 361 
riboflavin (481), 386 
single-steroid (511), 400 
for steroids (351), 324 
thlamine (531), 407 
vitamin A (571), 454 
vitamin Bu activlty (1 71), 242 
vitarnin D (581), 462 
vitamin E (551), 419 
Assays 

antibiotics—microbial (81), 143 
design and analysis of biological (111), 

199 

Insulin (121), 205 

Assessment of dri/g product performance— 
bioavailabiltty f bioequivalence, and 
dissolutton (109D), 1288 
Assessment of drug product leachables 
associated with oharmaceutical packaging/ 
delivery systems (1664), 2035 
Assessment of ex trać ta bies associated with 
pharmaceutical packaging/deNVery systems 
(1663), 2020 
Astaxanthin esters, 6810 
Astemizole, 2885 
tablets, 2885 
Astragalus root, 6812 
dry extract, 6817 
powder, 6815 
Atenolol, 2886 

and chtorthalidone tablets, 2890 
Injection, 2887 
orał solution, 2888 
tablets, 2888 
Atenolol compounded 
orał suspension, 2889 
Atenolol compounded, veterinary 
oraf suspension, 2889 
Atomie absorption spectroscopy (852), 773 
Atomie absorption spectroscopy—Lheory and 
practice (1852), 2201 
Atomie masses, 2522 
Atomie welghts, 2521 
Atomoxetme 
capsules, 2893 

Atomoxetine hydrochloride, 2891 
Atorvastatin calcium, 2894 
Atovaquone, 2898 
orał suspension, 2900 
Atracurium besylate, 290 T 
injection, 2903 
Atropinę, 2904 
sulfate, 2905 

sulfate and diphenoxylale hydrochloride 
orał solution, 3815 

sulfate and diphenoxylate hydrochloride 
tablets, 3816 
sulfate injection, 2906 
sulfate ophthalmic ointment, 2907 
sulfate ophthalmic solution, 2908 
sulfate tablets, 2909 
At ta pu Ig i te, activated, 2909 
colloidal, 2910 
Aurothioglucose, 2910 
injeetable suspension, 2911 
Automated radiochemical synthesis apparatus 
(1015), 851 

Auxriiary packaging components (670), 558 
Avobenzone, 2911 
Azaperone, 2912 
injection, 2912 
Azatadine maleate, 2913 
tablets, 2914, 

Azathloprme, 2914 
orał suspension, 2916 
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sodium for injection, 2917 
tabiets, 2916 

Aze las Linę hydrochloride, 2918 
Azithromycin, 2920 
capsules, 2924 
for injection, 2925 
for orał suspension, 2928 
tablets, 2929 
Azo vlo!et, 2407 
Aztec marigold zeaxanlhin 
exlract, 6819 
Aztreonam, 2932 
injection, 2933 
for injection, 2934 
Azure A, 2335 


B 

Bacilłus subtftfs subsp. subtifis Menaquinone-7 
Extract, 7101 
Bacitradn, 2936 
for injection, 2937 
methylene disalłcylate, soluble, 2938 
methylene disalrcylate soluble powder, 
2939 

neomycin and polymyxtn B sulfates and 
hydrocortisone acetate ointment, 5314 
neomycin and polymyxin B sulfates and 
hydrocortisone acetale ophthalmic 
ointment, 5314 

neomycin and polymyxin B sulfates and 
lidocaine ointment, 5315 
and neomycin and polymyxIn B sulfates 
ointment, 5313 

and neomycin and polymyxin B sulfates 
ophthalmic ointment, 531 3 
and neomycin sulfate ointment, 5302 
ointment, 2938 
ophthalmic ointment, 2938 
and polymyxin B sulfate topical aerosol, 
2939 

Zfnc, 2940 

zinc, neomycin and polymyxin B sulfates, 
and hydrocortisone ointment, 5316 
zinc, neomycin and polymyxin B sulfates, 
and hydrocortisone ophthalmic 
ointment, 531 7 

zfnc, neomycin and polymyxin 8 sulfates, 
and hydrocortisone acetate ophthalmic 
ointment, 5317 

zinc, neomycin and polymyxin B sulfates, 
and lidocaine ointment, 5318 
zinc and neomycin and polymyxin B 
sulfates ointment, 5315 
zinc and neomycin and polymyxin B 
sulfates ophthalmic ointment, 5316 
zinc and neomycin sulfate ointment, 5303 
zinc ointment, 2941 
zinc and polymyxin B sulfate topical 
aerosol, 5752 

zinc and polymyxin B sulfate ointment, 
2942 

zinc and polymyxin B sulfate ophthalmic 
ointment, 2943 

zinc and polymyxtn 8 sulfate topical 
powder, 5753 
zinc soluble powder, 2942 
Badofen, 2943 
orał suspension, 2944 
tablets, 2945 
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Bacopa, 6821 
extract, powdered, 6824 
powdered, 6822 
Batterial 

alka linę protease preparation, 2335 
endotoxins test (85), 163 
Bacterlostatic 

sodium chloride injection, 6183 
water for injection, 6717 
Balances <41 >, 111 
Balsalazide dlsodtum, 2946 
capsules, 2948 
Banaba leaf, 6825 
extract, dry, 6828 
powder, 6827 
Bandagę 
adhesive, 2949 
gauze, 2949 
Barbital sodium, 2335 
Barbituric acid, 2336 
Barium 

acetate, 2336 
chloride, 2336 

chloride, anhydrous, 2333, 2336 
chloride dihydrate, 2336 
chloride TS, 2413 
hydroxide, 2336 
hydroxlde limę, 2950 
hydroxide TS, 2413 
ni tratę, 2336 
nitrate TS, 2413 
sulfate, 2950 

sulfate for suspension, 2953 
sulfate pastę, 2951 
sulfate suspension, 2952 
sulfate tablets, 2954 
Basic fuchsin, 2336 
BCG live, 2954 
BCG vaccine, 2955 
Beclomethasone, 2336 
Beclomethasone dipropionate, 2955 
Beclomethasone dipropionate compounded 
orał solution, 2956 
Beef extractf 2336 
Behenoyl polyoxylglycerides, 7525 
Belladonna 
feaf, 2956 
extract, 2958 
extract tablets, 2959 
tincture, 2959 

Benazepril hydrochforide, 2959 
and amlodipine hydrochloride capsules, 
2761 

tablets, 2961 

Benazepril hydrochloride compounded, 
veterinary 

orał suspension, 2963 
Bendroflumethiazide, 2963 
and nadolol tabtets, 5265 
tablets, 2964 

Benoxinate hydrochloride, 2965 
and fluorescein sodium ophthalmic 
solution, 4248 
ophthalmic solution, 2965 
Bentonite, 7526 
magma, 7529 
purified, 7527 
Benzaldehyde, 2336, 7529 
elixir, compound, 7530 
Benzalkonium chloride, 2336, 7531 
solution, 7533 

Benzamtdine hydrochloride hydrate, 2336 
Benzanllide, 2336 
Benzene, 2336 
Benzenesulfonamide, 2336 


Benzen esul fony i chloride, 2336 
Benzethoruum chloride, 2966 
concentrate, 2966 
topical solution, 2967 
tincture, 296? 

Benzhydrol, 2336 
Benzocaine, 2968 
topical aerosol, 2970 
and antipyrine otic solution, 2838 
antipyrine, and phenylephrine 
hydrochloride otic solution, 2839 
bu tam bert, and tetracalne hydrochloride 
topical aerosol, 2979 
bulamben, and tetracaine hydrochloride 
gel, 2979 

butamben, and tetracaine hydrochloride 
ointment, 2980 

butamben, and tetracaine hydrochloride 
topical solution, 2981 
cream, 2971 
gel, 2972 
iozenges, 2973 

and menthol topical aerosol, 2981 
ointment, 2975 
otic solution, 2976 
topical solution, 2977 
Benzole 

add, 2336, 2983 
and salicylic adds ointment, 2984 
Benzoin, 2985 
tincture, compound, 2985 
Benzonatate, 2986 
capsules, 2986 
Benzophenone, 2336 
p-Benzoquinone, 2336, 2386 
Benzoyl 
chloride, 2336 

peroxide anc erythromycin topical gel, 
4038 

peroxide gei, 2988 
peroxlde, hydrous, 2987 
peroxide lotion, 2989 
N-Benzoyl-barginine ethyl ester 
hydrochloride, 2336 
3-Benzoylbenzoic add, 2336 
Benzoylformic add, 2337 
Benzphetamlne hydrochloride, 2337 
Benztropine mesylate, 2990 
injection, 2990 
tablets, 2991 
Benzyl 

alcohol, 7535 
benzoate, 2992 
benzoate lotion, 2992 
2-Benzylaminopyridine, 233? 
1-Benzylimidazole, 2337 
Benzylpenicilloyl poły łysinę 
concentrate, 2993 
injection, 2994 

Benzyltrimethy ammonium chloride, 2337 
Beta carotene, 2994 
capsules, 2995 
preparation, 6830 
Betadex, 7537 

sulfobutyl ether sodium, 7539 
Beta glucan, 6831 
Betahistine hydrochloride, 2997 
Betaine hydrochloride, 2998 
Betamethasone, 2998 
acetate, 3002 

acetate and oetamethasone sodium 
phosphate injectable suspension, 3010 
acetate and gentamicin sulfate ophthalmic 
solution, 4393 
benzoate, 3003 
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benzoate gel, 3003 
cream, 2999 
dipropionate, 3004 
dipropionate topical aerosol, 3005 
dipropionate and dotrimazole cream, 3529 
dipropionate cream, 3006 
dipropionate lotion, 3006 
dipropionate ointment, 3007 
sodium phosphate, 3008 
sodium phosphate and betamethasone 
acetate injectable suspension, 3010 
sodium phosphate injection, 3009 
orał solution, 3000 
tablets, 3001 
valerate, 3011 
tfalerate cream, 3012 
valerate and gentamicin sulfate ointment, 
4394 

valerate and gentamicin sulfate otic 
solution, 4395 

valerate and gentamicin sulfate topical 
solution, 4396 
valerate lotion, 3013 
valerate ointment, 3014 
Betanaphthoi, 2337 
TS, 2413 
Betaxolol 

hydrochloride, 3015 
ophthalmic solution, 3016 
tablets, 3017 

Bethanecho! chforide, 3018 
injection, 3019 
orał solution, 3020 
orał suspension, 3021 
tablets, 3021 

Bet a-la eta masę, 2337, 2377 
BtbenzyJ, 2337, 2351 
Bicalutamide, 3023 
tablets, 3024 
Bilberry 

extract, powdered, 6834 
Bile salts, 2337, 2391 
Bioburden eon troi of nonsterile drug 
substances and products (1115), 1423 
Biocompatibrlity of matecials used in drug 
containers, medrcal devices, and implants, 
the (1031), 907 
Btological 

assay chapters—overview and glossary 
(1030), 896 

assay validation (1033), 935 
indicators—resistance performance tests 
(55), 114 

indicators for sterilization (1229,5), 1831 
reactivity tests, in vitro (87), 169 
reactivity tests, in vivo (88), 1 72 
Biologics (1041), 981 

Biotechnology products: stability testśng of 
b iotec h no log ica I / b iolog i cal p roducts, 
guaEtty of (1049), 1062 
Biotechnology-derrved artides 
amino acid analysis (1052), 1093 
isoelectric focusing (1054), 1113 
peptlde mapping (1055), 1116 
polyaciylamrde gel electrophoresrs (1056), 
1123 

total protein assay (1057), 1130 
Biotechnology products derived from celi 
lines of human or animal origin, virai safety 
evaluation of (1050), 1067 
Bśolin, 3025 
capsules, 3026 
tablets, 3027 
Biperiden, 3028 
hydrochloride, 3028 
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Biperiden (continued) 
hydrochloride tablets, 3029 
I acta te injeetion, 3030 
Biphenyl, 2337 
2,2'-BipyndIne, 2337, 2356 
Bis(4-sulfobutyl) ether d i sadłu m, 2338 
Bisacodyl, 3031 
rectal suspens ion, 3032 
suppositorles, 3032 
delayed-rełease tablets, 3033 
4,4Bis(4-amTno -n aph thy lazo) -2,2'- 
sti I b en ed [sulfonie acid, 2338 
Bis(2-ethylhexyl) 
maleate, 2338 
(phosphoric acid), 2338 
phthalate, 2338 
sebacate, 2338 
Bismuth, 23 3B 
eitrate, 3034 

iodide TS, potassium, 2419 
milk of, 3034 

rfitrate pentahydrate, 2338 
nitrate, 0 01 moł/L, 2424 
subearbonate, 3035 
subgallate, 3036 
subnitrate, 2338, 3037 
subsalkylate, 3037 
subsalkylate magma, 3039 
subsalkylate orał suspens i on, 3040 
subsalkylate tablets, 304! 
suffite, 2407 
sulfite agar, 2338 
Bisoctrizole, 3042 
Bisoprolof fumarate, 3043 
and hydrochlorothiazide tabłets, 3045 
tablets, 3044 
8is(trimethyłsilyl) 
acetamide, 2338 
tnfluoroacetamide, 2338 
trlfluoroacetamide with 
tnmethylchlorosilane, 2338 
Biuret reagent TS, 2413 
Black cohosh, 6836 
f!uidextraet, 6842 
powdered, 6838 
powdered extract, 6840 
tablets, 6843 
Black pepper, 6845 
extract, powdered, 6849 
powdered, 6847 
Bieomycin 
for injeetion, 3046 
sulfate, 3047 


Blood 

Biood, 2338 

Group A, red blood cells and blood group 
B red blood cells, 2338 

Grouping reagent, anti-A, grouping 
reagent, anti-B, and grouping reagent, 
antnAB, 2338 

Technetium Tc 99m red blood cells 
injeetion, 6349 


Blue 

B, oracet, 2408 
B TS, oracet, 2418 
G TS, bnlliant ,2413 
tetrazolium, 2339 
tetrazolium TS, 2413 


Board of trustees 
USP Convention (2015-2020), xi 
Boiling or dlstilling rangę for reagents, 2324 
Boldine, 2339 
Boluses 

amoxidllin, 2786 
ampicillin, 2805 
aspirin, 2870 

dihydrostreptomycin sulfate, 3772 
neomycin, 5300 
phenylbutazone, 5 677 
tetracycline, 6399 
Borage seed olf, 6850 
capsules, 6851 
Boric add, 2339, 7542 
(-)-Bomyl acetate, 2339 
Boroń trifluoride, 2339 
14% Boroń trifluoride-methanol, 2339 
Boswellia serraLa, 6852 
extract, 6853 
Botanical 

extracts (565), 452 

origin, Identification of artides of <563), 
440 

Bovine collagen, 2339 
8ovine serum (1024), 853 
7 pereent bovlne serum albumin certified 
standard, 2339 

Branched poiymeric sucrose, 2339 
BretyJEum tosylate, 3048 
in dextrose injeetion, 3049 
injeetion, 3048 
Brfłliant 

blue G TS, 2413 
green, 2407 
yellow, 2407 
Brinzolamide, 3049 
ophthalmic suspension, 3051 
Bromelain, 2339 
Bromine, 2340 
sodlum acetate TS, 2413 
tenth-normal (0.1 N), 2424 
TS, 2413 

«- B romo-2'-aeeton a ohtho ne, 2340 
p-Bromoaniline, 2340 
TS, 2413 
Bromocresol 
blue, 2407 
blue TS, 2413 
green, 2407 

greemmethyl red TS, 2413 
green sodium salt, 2407 
green TS, 2413 
purple, 2407 
purpfe sodium salt, 2407 
purple TS, 2413 
Bromocriptine mesylate, 3052 
capsules, 3053 
tablets, 3054 

Bromodiphenhydramine hydrochloride, 3056 
and codeine phosphate orał soiution, 3057 
orał soiution, 3056 
Bromofluoromethane, 2340 
Bromophenol blue, 2407 
sodium, 2407 
TS, 241 3 

N-Brornosuccinimide, 2340 
Bromothymof blue, 2407 
TS, 2413 

Brompheniramine maleate, 3057 
injeetion, 3059 

and pseudoephednne sulfate orał soiution, 
3060 

orał soiution, 3059 
tablets, 3059 


Brudne sulfate, 2340 
Budesonide, 3061 


Buffw 

Acetate TS, 2411 

Acetic acid-ammonium acetate TS, 2412 
Acetone buffered, TS, 2412, 2413 
Acid phthalate, 2340 
Alkallne borate, 2340 
HydrochlorEc acid, 2340 
Neutraflzed phthalate, 2340 


Buffered acetone TS, 2413 
Buffers, 2340 

B uff er Solutions, 2340, 2409 
acetate buffer, 2340 
alkaline borate buffer, 2340 
hydrochfonc acid buffer, 2340 
neutralized phthalate buffer, 2340 
phosphate buffer, 2340 
Bulk den sity and Lapped density of powders 
(616), 505 

Bulk pharmaceutkal excipients—certificate of 
anafysts <1080), 1252 
Bulk powder sampling procedures (1097), 
1324 

Bumetanide, 3063 
injeetion, 3063 
tablets, 3064 

Bupivacaine hydrochloride, 3065 
In efextro$e injeetion, 3067 
and eprnephrine injeetion, 3068 
injeetion, 3066 
Buprenorphine 
hydrochloride, 3069 
Buprenorphine compounded, vetennary 
buccal soiution, 3069 
Bupropion hydrochioride, 3070 
tablets, 3072 

extended-refease tablets, 3073 
Buspirone hydrochloride, 3080 
tablets, 3082 
Busulfan, 3084 
tablets, 3085 
Butabarbital, 3085 
sodium, 3086 
sodium orał soiution, 3087 
sodium tablets, 3088 
Butalbttal, 3089 

acetaminophen, and caffeine capsules, 

3090 

acetaminophen, and caffeine tablets, 3091 
aspirin, and caffeine capsules, 3093 
aspirin, caffeine, and codeine phosphate 
capsules, 3096 

aspirin, and caffeine tablets, 3094 
and aspirin tablets, 3091 
Butamben, 3098 

benzocaine, and tetracaine hydrochloride 
topi cal aerosol, 2979 
benzocaine, and tetracaine hydrochloride 
gel, 2979 

benzocaine, and tetracaine hydrochloride 
ointment, 2980 

benzocaine, and tetracaine hydrochloride 
topical soiution, 2981 


ndex 







ndex 


1-8 Eiitan-Capsu 


Comhined fndex to USP 40 and NF 35 


Butane, 7543 
Butane-1,2-Diol, 2340 
B u ta ne-1 ,4- Diol, 2340 
Butane-2,3-Dk>l, 2340 

1.3- Butanediol, 2340 

2.3- Butanedione, 2340, 2350 

1 -Butanesul fonie add sodium salt, 2340 

1.4- Butane sultone, 2340 
Butanol, 2340 
Butoconazole nitrate, 3098 

vaginal cream, 3099 
Butorphanol tartrate, 3099 
injection, 3100 
nasal solution, 3101 
na sal spray, 3102 
Butyl 

acetate, normal, 2340 

alcohol, 2340, 2341, 2375, 7544 

alcohol, normal, 2341 

alcohol, secondary, 2330, 2341, 2387 

alcohol, leitiary, 2330, 2341, 2397 

benzoate, 2341 

ether, 2341 

methacrylate, 2341 

palmitostearate, 7545 

Stearate, 7546 

n-Butyl chloride, 2341, 2346 
fert Butyl methyl ether, 2341 
n-Butylamine, 2341, 2375 
ten- Butyl aminę, 2341, 2375 
4-(Buty!amino)benzoic add, 2341 
S utyła ted 

hydroxyanisole, 7547 
n-Butylboronic add, 2341 
ierf-Sutyldimethylchiorosilane in N-methyl-N- 
len- b uty Id i me thy Isi ly I trifluoroac e ta m ide, (1 
m 100), 2341 
Butylene giycol, 7549 
Butylparaben, 7551 
4-ferf-Butylphenol, 2341 
f-Butylthiol, 2341 
Butyraldehyde, 2341 
Butydc add, 2341 
Butyrolactone, 2341 
Buty rop henone, 2342 


C 

C 13 

for orał solution, urea, 3200 
urea, 3199 
C 14 

ca psuł es, urea, 3201 
Cabergoline, 3104 
tablets, 3105 
Cadmium 
acetate, 2342 
nitrate, 2342 
Caffeine, 3106 

acetaminophen and aspirin tablets, 2550 
and acetaminophen tablets, 2551 
aspinn and dihydrocodeine b i tartrate 
capsules, 2881 

butalbital, and acetammophen capsules, 

3090 

butalbital, and acetaminophen tabiets, 

3091 

butalbital, and aspirin capsules, 3093 
butalbital, aspinn, and todeine phosphate 
capsules, 3096 

buLalbital, and aspirin tablets, 3094 


ci tratę injection, 3107 
citrate ora! solution, 3108 
and ergotaminę tartrate suppositories, 
4026 

and ergotaminę tartrate tablets, 4027 
orphenadrine citrate and aspirin tablets, 
5462 

and sodium benzoate injection, 3109 
Calamine, 3T1C 

topical suspension, phenolated, 3111 
topical suspension, 3110 
Caldfediot, 3111 
capsules, 3111 
Ca lei po tri ene, 3112 
ointment, 3114 
Calcitonin saimon, 3115 
injection, 3119 
nasal solution, 3119 
Calcitriol, 3120 
injection, 3121 
Cal dum 

acetate, 2342, 3122 

acetate and aluminum sulfate tablets for 
topical solution, 2688 
acetate tablets, 3124 
ascorbate, 3125 
carbonate, 2342, 3126 
carbonate, alumina, and magnesia 
chewable tablets, 2663 
carbonate, alumina, magnesia, and 
simethicone chewable tablets, 2664 
carbonate, alumina, and magnesia ora! 
suspension, 2662 

carbonate, chelometrk standard, 2342 
carbonate lozenges, 3127 
carbonate, magnesia, and simethicone 
ch e wa bl e ta b iets, 3131 
carbonate and magnesia chewable tablets, 
3131 

carbonate orał suspension, 3128 
carbonate taolets, 3129 
caseinate, 2342 
chloride, 2342, 31 34 
chloride, anhydrous, 2333, 2342 
chloride injection, 3135 
chloride TS, 2413 
citrate, 2342, 3135 
citrate tablets, 6855 
glubionate syrop, 3136 
gluceptate, 3137 
g I ucept a te E n jec t ton, 3137 
gluconate, 3138 
gluconate Injection, 3140 
gluconate tablets, 3141 
g ly c erophos ph a te, 6856 
hydroxide, 2343, 3142 
hydroxide tcpical solution, 3143 
hydroxide TS, 2413 
lactate, 2343, 3143 
lactate tablets, 3144 
laetobionate, 3144 
levuilnate, 3145 
Jevu!inate injection, 3146 
and magnesrum carbonates orał 
suspension, 31 33 

and magnesium carbonates tablets, 3134 
nitrate, 2343 
pantothenate, 3146 
pantothenate assay (91), 193 
pantothenate, dexLro, 2343 
pantothenate, racemic, 3148 
pantothenate tablets, 3147 
p hos p ha te, a n hydro u s dibas ic, 3151 
phosphate tablets, drbasic, 3152 
phosphate, tri basie, 7552 


phosphate di hydra te, dibasic, 3149 

polycarbophil, 3153 

propionate, 7553 

sac chara te, 3153 

sificate, 7555 

stearate, 7557 

succinate, 3154 

sulfate, 2343, 755S 

sulfate TS, 2413 

undecylenate, 3155 

and vitamin D with mrnerals tablets, 6864 
wlth vitarnin D tablets, 6863 
Calctum acetate 

and aluminum sulfate for topical solution, 
2687 

Caldum glubionate 
syrup, 3136 

Ca ki urn l- 5-methyl tetrahydrofofa te, 6858 
capsules, 6860 
tablets, 6861 

Caicontarboxylic add, 2343 
tri tura te, 2343 
Calf Łhymus DNA, 2343 
d/ Camphene, 2343 
Camphor, 3156 
spirit, 3156 

d-10-Camphorsulfomc add, 2343 
dM 0-Camphorsulfonie add, 2343 
Canada balsam, 2343 
Candelilla wax, 7559 
Candesartan cileaetil, 3156 
and hydrochlorothiazide tablets, 3159 
tablets, 3157 
Canola oil, 7559 
Capecitabine, 3163 
tablets, 3164 

Capillary electrophoresis <1053), 1105 
Ca preo my ci n 
for injection, 3167 
sulfate, 3166 
Caphc add, 2343 
Caprylic acid, 7560 

Caprylocaproyl polyoxylgiycerides P 7561 
Capsaictn, 3167 
Capsicum, 3168 
oleoresin, 3170 
tinclure, 3172 


Capsules 

Acebutołol hydrochioride, 2538 
Acetaminophen, 2544 
Containing at least three of the 
following—acetaminophen and (salts of) 
c h lorph en i ra m i ne, dex t ro m et h orph a n, 
and pseudoephedrine, 2552 
Acetaminophen and codeine phosphate, 
2563 

Ac i tret i n, 2589 
Acyclovir, 2592 
Altretamine, 2658 

Aluminum hydroxide gel, dried, 2683 
Amantadine hydrochioride, 2706 
Aminobenzoate potassium, 2722 
Amlodipine and benazepril hydrochioride, 
2761 

Amoxictłlrn, 2787 
Ampicillin, 2806 
Anagreltde, 2818 
Aprepitant, 2846 
Arginine, 6798 
Aspirin, 2871 
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Ca psu los (continued) 

Aspirin, caffeine, and dihydrocodeine 
bitartrate, 2881 
Aspirin delayed-release, 2872 
Atomoxetine, 2893 
Azithromydn, 2924 
Balsalazide disodium, 2948 
Benzonatate, 2986 
Beta taro ten e, 2995 
Biotin, 3026 
Borage seed oil, 6851 
Bromocriptine rnesylate, 3053 
Butalbital, aeetaminophen, and caffeine, 
3090 

B u tal bita I, aspirin, and caffeine, 3093 
Butalbital, aspirin, caffeine, and codeine 
phosphate, 3096 
Calcifediol, 3111 

Calcium L-5-methyltetrahydrofolate, 6860 
C 14, urea, 3201 
Castor oil, 3234 
Ca Cs claw, 6872 
Cefaclor, 3237 
Cefadroxil, 3242 
Cefdinir, 325Ó 
Cephalexin, 3319 
Cephradine, 3328 
Chloral hydrate, 3345 
Chloramphenicoi, 3348 
Chfordiazepoxide hydrochloride, 3361 
Chlordiazepoxide hydrochloride and 
dldmium bromide, 3362 
Chlorpheniramine mafeate extended- 
release, 3386 

Chlorpheniramine maleate and 
pseudoephedrine hydrochloride 
extended-refease, 3389 
Cholecalciferol, 3402 
Cinoxacin, 3425 

CNndamydn hydrochloride, 3478 
Clofazimine, 3496 
Clofibrate, 3499 

Cfomipramine hydrochloride, 3503 
Cloxadlłin sod i urn, 3534 
Cod liver oil, 6908 
Crypthecodinium cohnti oil, 6914 
Curtuminoids, 6918 
CyanocobaJamin Co 57, 3539 
Cyanocobalamin Co 58, 3540 
Cyclobenzaprine hydrochloride extended- 
release capsules, 3602 
Cycloserine, 3612 
Cyclosporine, 3613 
Danazol, 3631 
Dantrofene sod i urn, 3634 
Demeclocycline hydrochloride, 3646 
Dextroamphetamine suifate, 3702 
Diazeparn, 3718 

Diazepam ex te nded-release, 371B 
Diazoxide # 3721 
Didoxad!lin sodium, 3741 
Dicydomine hydrochloride, 3743 
Didanosine delayed-release, 3747 
Digitalis, 3763 
Dihydrotachysterol, 3773 
Diltiazem hydrochloride ex te nded-release, 
3780 

Diphenhydramtne hydrochloride, 3803 
Diphenhydramme hydrochloride and 
ibuprofen, 3808 

Dfphenhydramine and pseudoephedrine, 
3813 

Disopyramide phosphate, 3825 
Disopyramide phosphate ex te nded-release, 
3826 


Divalproex sodium delayed-release, 3828 
Docusate catcium, 3849 
Docusate potassium, 3851 
Docusate sodium, 3853 
Doxepin hydrochloride, 3878 
Doxyeyeline, 3888 
Doxycyc|ine ex te nded-release, 3889 
Doxycyciine hydate, 3897 
Doxycydine hydate delayed-release, 3899 
Dronabinol, 3908 
Dufoxetine delayed-release, 3919 
Efavtrenz, 3945 
Ephedrine suifate, 3996 
Ergocatdferol, 4013 
Ergoloid mesylates, 4016 
Erythromycin delayed-release, 4032 
Erythromycin esiolate, 4039 
Esomeprazole magnesium delayed-release, 
4059 

Ethchiorvynol, 4098 
Ethosuximide, 4105 
Etodofac, 4115 
Etoposide, 4122 
Evening prfmrose oil, 6952 
Fenofibrate, 4154 
Fenoprofen calcium, 4163 
Ferrous gluconate, 4173 
Fexofenadine hydrochloride, 4184 
Fish oil containing omega-3 acids, 6965 
Fish oil containing omega-3 acids, delayed- 
release, 6968 
Flax seed oil, 6969 
Rucytosioe, 4223 
Fluoxetine f 4259 
Fluoxettne delayed-release, 4261 
Flurazepam hydrochloride, 4279 
Flutamide, 4284 
Fluvastatin, 4317 
Gabapentin, 4352 

Calan tarninę exten de d-release, 4367 
Gemfibrozif, 4388 
Grnger, 7001 
Cinkgo, 7008 
Gimeng, American, 6790 
GriseofuMn, 4446 
Guaifenesin, 445 J 
Guatfenesin and pseudoephedrine 
hydrochloride, 4454 
Guaifenesin, pseudoephedrine 
hydrochloride, and dextromethorphan 
hyd robrom i de, 4455 
Hydrochlorolhlazide, 4497 
Hydroxyurea, 4538 
Hydroxyzine pamoate, 4545 
Imipramine pamoate, 4576 
Indomethacin, 4596 
IndomeLhacin ex te nded-release, 4597 
Sodium lodide I 123, 4635 
Sodium lodide I 131, 4640 
Isometheptene muca te, 
dichloralphenazone, and 
aeetaminophen, 4692 
Isosorblde dini tratę extended-release, 4708 
Isotretinoin, 4721 
Isradipine, 4728 
Kanamydn suifate, 4744 
Ketoprofen, 4750 
Ketoprofen extended-release, 4751 
Krill oil, 7066 

Krill oil delayed-release, 7069 
Lansoprazole delayed-release, 4786 
Levodopa, 4829 

Łineomycin hydrochloride, 4857 
Alpha liporc acid, 7077 
Lithium carbonate, 4871 


Lomustine, 4878 
Loperamide hydrochloride, 4880 
loracarbef, 4894 
Loxapine, 4921 
Lu tein, 7079 
Magnesium oxide, 4946 
Medofenamate sodium, 4980 
Mefenamic acid, 4984 
Menaquinone-7, 7097 
Mesalamine extended-release, 5029 
Methacydine hydrochloride, 5059 
Methoxsalen, 5088 
Methsuximide, 5093 
MeLhyitestosterone, 5125 
Melronidazole, 5149 
Metyrosme, 5158 
Mexiletine hydrochloride, 5160 
Milk Lhistle, 7110 
Minerals, 7113 

Minocydine hydrochloride, 5176 
Morpbtne suifate extended-release, 5232 
Mycophenolate mofetil, 5248 
Nafcillin sodium, 5267 
Nifedipine, 5352 
Nltrofurantoin, 5362 
Nizatidine, 5376 

Nortriptyline hydrochloride, 5398 
Oil- and water-sotuble vitamins with 
minerals, 7336 

Olanzapine and ffuoxetine, 5418 
Oleovitamin A and D, 5423 
Omega-3 ethyl esters, 5430 
Omeprazoie delayed-release, 5435 
Orli sta t, 5456 

OseltamMr phosphate, 5467 
Gxacillin sodium, 5470 
Oxazepam, 5488 

Oxycodone and aeetaminophen, 5516 
Oxytetracycline hydrochloride, 5535 
Oxytetracydine and nystatin, 5533 
Pancrelipase, 5557 
Pancreiipase delayed-release, 5558 
Parom omy dn suffate, 5578 
Penie i I laminę, 5595 
Phendimetrazine tartrate, 5658 
Phenoxybenzamine hydrochloride, 5669 
PhensuKlmlde, 5672 
Phentermine hydrochloride, 5673 
Phenytoin sodium, extended, 5693 
Phenytoin sodium, prompt, 5696 
Piroxicam, 5739 

Potassium chloride extended-release, 5763 
Potassium perchlorate, 5786 
Prazosin hydrochloride, 5807 
Procainamide hydrochloride, 5839 
Procarbazine hydrochloride, 5845 
PropranoloJ hydrochloride extended- 
release, 5892 

Pseudoephedrine hydrochloride extended- 
release, 5906 
Pygeum, 7138 
Quinidine sulfaLe, 5951 
Gurnine suifate, 5957 
Ramipril, 5971 
Rhodiola rasea, 7155 
Ribavirin, 5996 
Rifabutin, 6006 
Rifampin, 6008 
Rtfampln and isoniazid, 6010 
R)tonavir, 6047 
RiyasUgminę tartrate, 6059 
Propafenonę hydrochloride exlended- 
release, 5876 

SL john J s wort fiowering top dry extract, 
7172 


ndex 
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Salsalate, 6104 
Saquinavir, 61 07 
Saw palmętto f 718T 
Schizochytrium oil, 7191 
Secobarbilal sodium, 61 31 
Secobarbital sodium and amobarbital 
sodium, 6133 

Selegiline hydrochloride, 6136 
Simethicone, 6161 
Soy isoflavones, 7198 
5tavudine, 6230 
Sulfinpyrazone, 6279 
Tacrine, 6300 
Tacroiimus, 6304 
Tamsulosin hydrochloride, 6320 
Temazepam, 6359 
Terazosin, 6364 

Tetracycline hydrochloride, 6402 
Tetracycllne hydrochloride and nystatin, 
6410 

Thalidomide, 6414 
Theophylline, 641 7 
Theophylline extended-relea$e, 6418 
Theophylline and guaifenesin, 6425 
Thiothixene, 6452 

Ttenchi gfnseng root and rhizome dry 
extract, 7223 

Tiencht glnseng root and dworne powder, 
7218 

Tolmetin sodium, 6515 
Topiramate, 6523 
Triamterene, 6569 

Triamterene and hydrochlorothiazide, 6571 
Trientine hydrochloride, 6583 
Trihexyphenidyl hydrochloride extended- 
release, 6590 

Trimethobenzamide hydrochloride, 6596 
Ubidecarenone, 7234 
Ursodioi, 6629 
Valprorc acid, 6645 
Vancomycin hydrochloride, 6658 
Veniafaxine hydrochloride extended- 
release, 6667 

Verapamil hydrochloride ex te nded-release, 
6675 

Vinpocetine, 7247 
Vitarmn A, 6700 
Vitamin E, 6705 

Vitamins with mi nera Is, oil-soluble, 7265 
Vitamins with mlnerals, oil- and water- 
soluble, 7336 

Vitamins wilh mi nera Is, water-so lubię, 

7423 

Vitamins, oil-soluble, 7248 
Vitamlns, oil- and water-soluble, 7290 
yitamins, water-soluble, 7400 
Zaleplon, 6735 
Zidovudine, 6739 
Zonisamide, 6776 


T3 

C 


Capsules—dissolution tesdng and related 
quality attributes <1094), 1316 
Captopril, 3173 

and hydrochforothiazide tablets, 3176 
ora! solu don, 3174 
orał suspension, 3175 
Lablets, 3175 
Caramel, 7562 
Caraway, 7562 
oll, 7563 
Carbachol, 31 77 
intraocular solution, 3178 


ophthalmic solution, 3178 
Carbamazepine, 31 79 
orał suspension, 3181 
tablets, 3182 

extended-release tablets, 3184 
Carbamide peroxide, 3186 
topical solution, 3186 
Carbazole sutfate, 2343 
Carbenicillin 
disodium, 3187 
indanyt sodium, 3187 
indanyl sodium tablets, 3188 
for injection, 3186 
Carbidopa, 3183 

and levodopa extended-re!ease tablets, 
3190 

and levodopa oraJly disrntegrating tablets, 
3196 

and levodopa tablets, 3189 
Carbinoxamine maleate, 3197 
pseudoephedrine hydrochloride, and 
dextromethorphan hydrobromide ora! 
solution, 5910 
tablets, 3198 

Carbol-fuchsin topical solution, 3198 
Garbom er 
934, 7563 
934P, 7564 

940, 7566 

941, 7567 
1342, 7568 
copolymer, 7569 
homopolymer, 7572 
interpolymer, 7575 

Carbon 

C 13 for orał solution, urea, 3200 
C 13, urea, 3199 
C 14 capsules, urea, 3201 
dioxlde, 3199 

dioxide detector tubę, 2343 
dlsulfide, chroma tog raphic, 2344 
disulfide, CS, 2344 
monoxide detector Lube, 2344 
tetrachloride, 2344 
Carbonates 

calcium and magnesium, oraf suspension, 
3133 

calcium and magnesium, tablets, 3134 
Carboplatin, 3202 
for injection, 3203 
Carboprost 
troniethamine, 3205 
tromethamine injection, 3206 
Carboxylate (sodium form) catiomexchange 
resin (50- to 100-mesh), 2344 
Carboxymethoxylannfne bemthydrochlorrde, 
2344 

Carbo xy m e thy keł I u lose 
calcium, 7577 
sodium, 3207 
sodium 12, 7580 
sodium, Iow-subsUtuted, 7578 
sodium and microc rys tal linę cellulose, 

7591 

sodium pastę, 3207 
sodium Lablets, 3208 
Carboxymethyk:ellulose sodium 
enzy ma ticalły-hydrolyzed, 7581 
Cardamom 
oil, 7584 
seed, 7584 

tlncture, compound, 7584 
Cartsoprodol, 5208 

aspirin and codeine phosphate tablets, 
3212 


and aspirin tablets, 3211 
tablets, 3210 
Carmellose, 7585 
Carmine, 2344 
Carmustine, 321 4 
for injection, 321 7 
Carprofen, 3218 
tablets, 3219 
Carrageenan, 7585 
Carteolol hydrochloride, 3221 
ophthalmic solution, 3222 
tablets, 3222 
Carvedilol, 3223 
tablets, 3226 
(fl)-(-)-Carvone, 2344 
Casanthranol, 3228 
Cascara 

fluidextract, aromatic, 3233 
sagrada, 3229 
sagrada extract, 3230 
sagrada fluidextract, 3233 
tablets, 3232 
Caseln, 2344 
hammersten, 2344 
Castor oil, 3233 
aromatic, 3235 
capsułes, 3234 
emulsion, 3235 
hydrogenated, 7586 
polyoxyl 35, 7829 
Catechol, 2344 
Catiorr-exchangę resrn, 2344 
carboxylate (sodium form) (50- to 100- 
mesh), 2344 
polystyrene, 2344, 2381 
styrene-divinyibenzene, 2344 
styrene-divinytbenzene, strongly addic, 
2344 

sulfonie add, 2345, 2396 
Cat f S daw, 6868 
capsules, 6872 
extract, powdered, 6871 
powdered, 6869 
tablets, 6874 
Cedar oil, 2345 
Cefaclor, 3236 
capsules, 3237 
chewable tablets, 3239 
for orał suspension, 3238 
extended-release tablets, 3240 
Cefadroxil, 3240 
capsules, 3242 
for orał suspension, 3244 
tablets, 3245 

Cefamandole nafate, 3246 
for injection, 3247 
Cefazoltn, 3248 
Injection, 3250 
for injection, 3251 
ophthalmic solution, 3252 
sodium, 3252 
Cefdinir, 3254 
capsules, 3256 
for orał suspension, 3258 
Cefepime 

hydrochloride, 3263 
for injection, 3261 
Cefixime, 3265 
for orał suspension, 3266 
tablets, 3267 
Cefmenoxime 
hydrochloride, 3268 
for injection, 3268 
Cefmetazole, 3269 
injection, 3270 
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Cefmetazole (continued) 
for injection, B270 
sodium, 3271 
Cefonidd 
for injection, 3271 
sodium, 3272 
Cefope rażone 
Injection, 3273 
for injection, 3273 
sodium, 327*1 
Ceforanide, 3274 
for injection, 3275 
Cefotaxime 
injection, 3276 
for injection, 3277 
sodium, 3279 
Cefotetan, 3281 
di sodium, 3284 
injection, 3282 
for injection, 3283 
Cefotiam 

hydrochloride, 3284 
for injection, 3285 
Cefoxitin 
injection, 3288 
for injection, 3288 
sodium, 3286 
Cef piramidę, 3289 
for injection, 3290 
Cefpodoxime proxetil, 3291 
for orał suspension, 3293 
tablets, 3293 
Cefprozil, 3294 
for ora! suspension, 3297 
tablets, 3298 
Ceftazidime, 3300 
injection, 3301 
for injection, 3301 
Ceftizoxime 
injection, 3304 
for injection, 3304 
sodium, 3303 
Ceftriaxone 
injection, 3305 
for injection, 3305 
sodium, 3307 
Ce furo x i me 
axetil r 3310 

axetil for orał suspension, 3311 
axetil tablets, 3312 
injection, 3309 
for injection, 3309 
sodium, 3312 
Celecoxib, 3313 
Cel labu ratę, 7587 
Cellacefate, 7588 

Cellular and tissue-based products (1046), 
1002 
Cellulose 
acetate, 7594 
chromatographic, 2345 
microcrystalline, 2345, 7589 
microcrystalline and 
carboxymethylceliulose sodium, 7591 
miature, chromatographic, 2345 
oxidized, 3314 
oxidized regenerated, 3315 
powdered, 7593 
silicified microcrystalline, 7591 
sodium phosphate, 3316 
sodium phosphate for orał suspension, 
3317 

Centeila asiatica, 6875 
extract, powdered, 6878 
powdered, 6877 


triterpenes, 6880 
Cephalexin, 3318 
capsules, 3319 
hydrochloride, 3321 
for orał suspension, 3319 
tablets, 3320 

tablets for ora! suspension, 3321 
Cephalothin 
injection, 3322 
for injection, 3323 
sodium, 3323 
Cephapirin 
benzathine, 3325 

benzathine intramammary infusion, 3326 
for injection, 3324 
sodium, 3327 

sodium intramammary fnfuston, 3327 
Cephradine, 3328 
capsules, 3328 
for injection, 3329 
for orał suspension, 3330 
tablets, 3330 
Ceric 

ammonium nrtrate, 2345 
ammonium nitra te TS, 2413 
ammonium nrtrate, twentieth-normal (0.05 
N), 2424 

ammonium suifate, 2345 
suifate, 2345 

suifate, tenth-normal (OJ N), 2424 
Cesium chloride, 2345 
Cetirizine hydrochloride, 3331 
and pseudoephedrine hydrochloride 
extended-release tablets, 3338 
orał solution, 3333 
tablets, 3334 

orally disfntegrating tablets, 3336 
Cetostearyl aleohoi 7595 
Cetrimide, 2345 
Cetrimonium bromide, 7596 
Cetyl 

alcohol, 7597 
esters wax, 7599 
palmitate, 7599 
Cetylpyridmium chloride, 3342 
lozenges, 3343 
to pi ca I solution, 3344 
Cetyltrimethylammonium bromide, 2345, 
2362 

Cetyltrimethylammonium chloride, 25 
percent fn water, 2345 
Chamomile, 6881 

Characterization of crystalline and partially 
crystalline solids by X-ray powder 
diffraction (XRPD) (941), 820 
Characterization of crystalline solids by 
microcaforimetry and solution calorimetry 
(696), 575 
Charcoal 

activated, 2329, 2345, 3344 
Chaste tree, 6883 
powdered, 6885 
powdered, extract, 6886 
Chemometrics (1039), 963 
Chenodeoxycholic acid, 2345 
Cherry 
juice, 7600 
syrup, 7600 
Chinese salvia, 6892 
powdered, 6894 
Chitosan, 7601 
Chloral hydra te, 3345 
capsules, 3345 
orał solution, 3346 
15, 2414 


Chlorambudl, 3346 
tablets, 3346 
Chloraminę I, 2345 
Chloramphenicof, 3347 
capsules, 3348 
cream, 3348 

and hydrocortisane acetate for ophthalmic 
suspension, 3352 
injection, 3349 
ophthalmic ointment, 3349 
ophthalmic solution, 3350 
for ophthalmic solution, 3350 
otic solution, 3351 
palmitate, 3353 

palmitate orał suspension, 3353 
and polymyxin 8 suifate ophthalmic 
ointment, 3352 
sodium sucdnate, 3354 
sodium sucdnate for injection, 3355 
orał solution, 3351 
tablets, 3351 
Chtordiazepoxide, 3356 
and amitriptyline hydrochloride tablets, 
3358 

hydrochloride, 3359 
hydrochloride capsules, 3361 
hydrochloride and dtdinium bromide 
capsules, 3362 
tablets, 3357 
Chbrhexidine 
acetate, 3364 

acetate topical solution, 3366 
gluconate ora! rinse, 3368 
gluconate solution, 3367 
gluconate topical solution, 3370 
hydrochloride, 3371 
Chiorhexidine gluconate 
topical gel, 6779 
Chloride 

cobaltous, TS, 2414 
ferric, TS, 2415 
ferrous tetrahydrate, 2360 
gold, 2361 
gold, TS, 2416 
platinic, 2380 
piatinlc, TS, 2419 
m reagents, 2325 
stannous, 7905 
and suifate (221), 287 
Chłonne, 2345 
detector tubę, 2345 
TS, 2414 

m-Chloroaeetanilade, 2345 
p-Chbroacetanilide, 2345 

1- Chloroadamantane, 2346 

2- Chbro-4-aminobenzoic acid, 2346 
5-Ch bro-2 ^amin obe n zoph e no n e, 2346 

3- Chbroaniline, 2346 
p-Chloroaniline, 2346 
Chforobenzene, 2346 

4- ChJorobenzoic acid, 2346 
rmChlorobenzoic add, 2346 
4-Oilorobenzophenone, 2346 

1- Chlorobutane, 2346 
Chlorobutanol, 7605 
Chlorocresol, 7606 

2- Chbroethanol, 2346 

2-Chloroethylamine monohydrochf o ride, 

2346 

Chloroform, 2346 
alcohol-free, 2346 
methyi, 2346 
Chlorogenic acid, 2346 
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C h loro methy lated po lys tyTene-d ivi nyI be nze ne 
anion-exchange resm, 2346 
I -C h lo ro na p ht h a lene, 2346 

4- Chloro-1-naphthoi, 2346 
2-Chloronicotinic acid, 2346 
2-Ch[oro-4-nitroaniNne, 99%, 2346 
Chlorophyllin copper complex sodium, 3373 
Chloroplatinic acid, 2346 
Chloroprocaine hydrochloride, 3374 

injection, 3375 
Chloroquine, 3376 
hydrochloride injection, 3376 
phosphate, 3377 
phosphate orał suspension, 3378 
phosphate tablets, 3379 

5- Chlorosalicylic acid, 2347 
Chlorothiazide, 3380 

and melhyldopa tablets, 5101 
and reserpfne tablets, 5990 
sodium for injection, 3383 
orał suspension, 3380 
tablets, 3382 
l-Chloro-2,2,2- 

ŁrifluoroethyłchlorodifluoromethyI ether, 
2347 

Chloratrimethylsilane, 2347, 2402 
Chloraxylenol, 3383 
Chlorpheniramine 

dex tr o m eth o r p h a n, pse udo eph ed rine, 

(salts of), and acetaminophen, capsules 
containing aL least three of the 
following, 2552 

dextromethorphan, pseudoephedrine (salts 
of), and acetaminophen, orał powder 
containing at least three of the 
following, 2555 

dex tram ethorp han, pseudoephedrine (salts 
of), and acetaminophen, orał solution 
containing at least three of the 
following, 2557 

dextromethorphan, pseudoephedrine (salts 
of), and acetaminophen, tablets 
containing at least three of the 
following, 2559 
maleate, 3385 

maleate extended-release capsules, 3386 
maleate injection, 3387 
maieate, penicillin C procaine, 
dihydrostreptomydn sulfate, and 
dexamethasone injeetable suspension, 
5612 

maleate and pseudoephedrine 
hydrochloride extended-release capsules, 
3389 

maleate and pseudoephedrine 
hydrochloride orał solution, 3390 
maleate orał solution, 3388 
maleate tablets, 3388 
maleate, acetaminophen, and 
dex tFomethorphan hy dro bro m ide 
tablets, 2561 
Chlorpromazine, 3391 
hydrochloride, 3392 
hydrochloride injection, 3392 
hydrochloride orał concentrate, 3392 
hydrochloride syrup, 3393 
hydrochloride tablets, 3394 
suppositories, 3391 
Chlorpropamide, 3394 
tablets, 3395 
Cbłortetracycline 
bisulfate, 3395 
hydrochloride, 2347, 3396 
hydrochloride olnLment, 3397 
hydrochloride ophthalmic ointment, 3397 


hydrochloride soluble powder, 3397 
hydrochloride tablets, 3398 
and sulfamethazine bisulfates soluble 
powder, 3396 
Chlorthalidone, 3398 
and atenolol tablets, 2890 
and clonidine hydrochloride tablets, 3511 
tablets, 3399 
Chlorzoxazone, 3399 
tablets, 3400 
Chocolate, 7606 
syrop, 7607 
Cholecalciferol, 3401 
capsules, 3402 
solution, 3403 
Cholestane, 2347 
Choiestanol, 2347 
Cholesterol, 2347, 7607 
C hole stery I 
benzoate, 2347 
n-heptylate, 2347 
C hol estyra minę 
resin, 3404 

For orał suspension, 3405 
Cholinę 

bitartrate, 6896 
chloride, 234?, 6898 
Chondroitin sulfate sodium, 6899 
and glucosamine tablets, 7012 
glucosamine, and methy Isulfonyf me thane 
tablets, 7019 
shark, 6903 
tablets, 6902 

Chromate, sodium, Cr 51 injection, 3407 
Cfiromatographic 
columns, 2436 
fulleris earth, 2347 
n-heptane, 2347 
magnesium oxide, 2347 
reagents, 2347 
slfica gel, 2347 
sitica gel mixture, 2347 
siliceous earth, 2347 
siHceous earth, silanized, 2347 
solvent hexane, 2347 
Chromatography (621), 508 
Chromatography, ion (1065), 1197 
Chromie chloride, 3405 
injection, 34C6 
Chromium 

Cr 51 edetate injection, 3407 
Cr 51 injection, sodium chromate, 3407 
picolinate, 6906 
picolinate tablets, 6907 
potassium sulfate dodecahydrate, 2347 
trioxide, 2347 
Chromogenie 

substrate for amidolytlc test, 2347 
Chromotrope 2R, 2347 
Chromotropic acid, 2347, 2391 
dis odium salt 2347 
T5, 2414 

Chymotrypsin, 3408 
for ophthalmic solution, 3409 
Ciclopirox, 3410 
olamine, 3412 
olamine cream, 3413 
olamine topical suspension, 3414 
toplcal solution, 3411 
Cidofovir, 3414 
injection, 3415 
Cilastatin 

and tmipenem for injectable suspension, 
4572 

and imlpenem for injection, 4571 
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sodium, 3417 
Cilostazol, 3418 
tablets, 3419 
Cimetidine, 3420 
hydrochloride, 3423 
injection, 3421 

in sodium chloride injection, 3422 
tablets, 3422 
Cinchonldine, 2347 
Cinchonine, 2347 
Cinoxacin, 3424 
capsules, 3425 
Ciprofloxadn, 3426 

and dexamethasone otic suspension, 3436 
extended-release tabtets, 3433 
hydrochloride, 3428 
injection, 3429 
ophthalmic ointment 3431 
ophthalmic solution, 3431 
tablets, 3432 
Cisapride, 3438 

Cisapride compounded, veterinary 
injection, 3438 
orał suspension, 3439 
Cisatracurium be syfa te, 3440 
injection, 3442 
Cisplatin, 3444 
for injection, 3446 
Citalopram 
hyd robrom i de, 3451 
orał solution, 3448 
tablets, 3449 
Ci tratę 

cupricTS, alka linę, 2412, 2414 
cupric TS 2, alkaline, 2412, 2414 
Citrtc acid, 2348 
anhydrous, 2348, 3454 
and magnesium carbonate for o rai 
solution, 4936 

magnesium carbonate, and potassium 
ci tratę for oraf solution, 4937 
magnesium oxide, and sodium carbonate 
irrigation, 3458 
mon ohyd ratę, 3456 

and potassium dtrate orał solution, 5776 
and potassium and sodium bicarbonates 
effervescent tablets for oraf solution, 
5759 

and sodium dtrate orał solution, 6186 
Citrulline, 6907 
Cfadribine, 3459 
injection, 3459 
Clarithromycin, 3461 
for orał suspension, 3463 
tablets, 3463 

extended-relea$e tablets, 3465 
Clavulanate 
potassium, 3468 

potassium and amoxidllin for orał 
suspension, 2791 

potassium and amoxid!Jin tablets, 2792 
Cfavulanic acid 

and amoxicillin extended-release tablets, 
2793 

C!avulanic add 
and ticarciliin injection, 6464 
and ticardllin for injection, 6465 
Cleaning gfass apparatus <1051), 1092 
Clemastine fumarate, 3471 
tabfets, 3472 

Genbuteroi hydrochloride, 3474 
CItdinium bramide, 3474 
and chlordiazepoxide hydrochloride 
capsules, 3362 



Combined lndex to USP 40 and NF 35 


CEind-Cotto 1-13 


Cliodamycin 
hydrochtoride, 3477 
hydrochloride capsules, 3478 
hydrochloride orał solution, 3479 
injection, 3475 
for injection, 3476 
palmitate hydrochloride, 3479 
palmitate hydrochloride for orał solution, 
3480 

phosphate, 3481 
phosphate gel, 3483 
phosphate topical solution, 3483 
phosphate topical suspension, 3484 
phosphate vagtnal cream, 3482 
phosphate vaglnal inserts, 3485 
Clioguinol, 3485 
cream r 3486 

and hydrocortisone cream, 3488 
and hydrocortisone ointment, 3489 
ofniment, 3487 

topical powder, compound, 3488 
Clobetasol propionate, 3490 
cream, 3491 
ointment, 3492 
topical solution, 3493 
Clocortofone pi va la te, 3494 
cream, 3495 
Clofazimine, 3495 
capsules, 3496 
Cfofibrate, 3498 
capsules, 3499 
Clomiphene ci tratę, 3499 
tablets, 3501 

Oomipramine hydrochloride, 3502 
capsules, 3503 
Clonazepam, 3504 
orał suspension, 3505 
tablets, 3506 

orałiy disintegrating tablets, 3506 
Clonidine, 3508 
hydrochloride, 3509 

hydrochloride and chlorthaUdone tablets, 
3511 

hydrochloride tablets, 3510 
transdermaf system, 3512 
Clopidogref 
bisulfate, 3515 
tablets, 3517 
Copidogrel compounded 
orał suspension, 3517 
Cloprostenol 
fnjection, 3519 
sodium, 3519 

Clorazepate dipolasslum, 3520 
tablets, 3521 
Clorsulon, 3523 
and ivermectin injection, 4736 
Glotrimazole, 3524 

and betamethasone dlpropfonate cream, 
3529 

cream, 3525 
lotlon, 3525 
lozenges, 3526 
topical solutron, 3527 
vaginal inserts, 3528 
Oove oil, 7608 
Oover, red, 714 T 
extract, powdered, 7145 
powdered, 7143 
tablets, 7147 
Cloxacillin 
benzathine, 3531 

benzathine intramammary infusion, 3531 
sodium, 3532 
sodium capsules, 3534 


sodium intramammary infusion, 3535 
sodium for orał solution, 3535 
Clozapine, 3536 
tablets, 3537 
Co 

57 capsules, cyanocobafamin, 3539 

57 orał sofution, cyanocobalamin, 3539 

58 capsules, cyanocobalamin, 3540 
Coaf tar, 3538 

ointment, 3538 
topical solution, 3538 
Cobalamin radiotracer assay (371), 324 
Cobalt 

chloride, 2348 

Co 57 capsules, cyanocoba la min, 3539 
Co 57 orał solution, cyanocoba la min, 3539 
Co 58 capsules, cyanocoba la min, 3540 
nitrate, 2348 
platinum, TS, 2419 
uranyI acetate TS, 2414 
Co bal to us 
acetate, 2348 
chloride, 2348 
chloride CS, 2411 
chloride TS, 2414 
Cocaine, 3541 
hydrochloride, 3541 

hydrochloride taolets for topical solution, 
3542 

and tetracaine hydrochlorides and 
epinephrine topical solution, 3542 
Cocoa butter, 7609 
Coconut 
oil, 7610 

oil, hydrogenated, 7610 
Codeine, 3546 
phosphate, 3546 

phosphate and acetaminophen capsules, 
2563 

phosphate and acetaminophen orał 
solution, 2564 

phosphate and acetaminophen orał 
suspension, 2555 

phosphate and acetaminophen tablets, 
2566 

phosphate, aspirin, alumina, and magnesia 
tablets, 2883 

phosphate and aspirin tablets, 2882 
phosphate and bromodip hen hydra minę 
hydrochloride orał solution, 3057 
phosphate, butalbital, aspirin, and caffeine 
capsules, 3096 

phosphate, carisoprodol, and aspirin 
tablets, 3212 

phosphate and guaifenesin orał solutron, 
4453 

phosphate injection, 3547 
phosphate tablets, 3548 
phosphate and promethazine and 
phenylephrine hydrochloride orał 
solution, 5872 

phosphate orał solution, 3547 
sulfate, 3548 

sulfate ora! solution, 3550 
sulfate tablets, 3551 
and terpin hydra te orał solution, 6383 
Cod !iver oil, 3543 
capsules, 6908 
Coenzyme Q9, 2348 
Cohosh 

bfack fluidextract f 6842 
Colchicine, 3552 
injection, 35S3 
and probenecid tablets, 5835 
tablets, 3553 


Colestipol hydrochloride, 3554 
for orał suspension, 3555 
tablets, 3555 
Colistimethate 
for injection, 3557 
sodium, 3556 
Colislin 

and neomycin sulfates and hydrocortisone 
acetate otic suspension, 3558 
sulfate, 3557 

sulfate for orał suspension, 3558 
Collagen, 2348 
rat taił, 2348 
Collagenase, 2348 
Collagenase i (89,1), 180 
Collagenase II (89,2), 185 
Collodion, 3559 
f1exible, 3560 
Colloidal oatmeal, 3560 
Color 

and achromicity (631), 520 
instrumental measurement <? 061}, 1172 
Colorimelric Solutions (CS), 2411 
Compactin, 2348 

Completeness of solution (641), 521 
Compound cardamom tincture, 7584 
Congealmg temperaturę (651), 527 
Congo red, 2348, 2407 
TS, 24 H 

Constitution and bylaws, xxix 
Construct human frbrobiasts in bilayer 
synthetic scaffold, 3561 
Construct human fibroblasts in poły glac tin 
scaffold, 3565 

Container content for injections (697), 578 
Containers 
gfass (660), 534 
performance testing (671), 565 
Container specifications for capsules and 
tablets, 2443 
Coomassie 
blue G-250, 2348 
brilfiant blue R-2S0, 2348 
Copovidone, 7611 
Copper, 2348 
gluconate, 3575 

Copper sulfate pen ta hydra te, 2348 
Coriander oil, 7613 
Com 
oil, 7614 
stareh, 7906 
syrup, 7614 

high fructose syrup, 7618 
syrup solids, 7621 
Corticotropin 
injection, 3577 
for fnjection, 3578 
injection, repository, 3580 
Cortisone, 2348 
acetate, 3582 

acetate injectable suspension, 3583 
acetate tablets, 3584 
Cosyntropin, 3585 
Cotton 

absorbent, 2348 
puriffed, 3586 
Cotton (691), 573 
Cottonseed oil, 7623 
hydrogenated, 7623 
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Co u n df of experts 
(2015-2020), xi 
Cr 51 

edetate injeclion, chromium, 340? 
tnjection, sodium chromate, 3407 
Cranberry 

liąuid preparatkm, 6911 


Cream 

Atdometasone dipropionate, 2613 
Amdnonide, 2708 
Amphotericin B, 2799 
Ąnthralin, 2827 
Benzotalne, 2971 
Betamethasone, 2999 
Betamethasone dipropionate, 3006 
Betamethasone yalerate, 3012 
Butoconazole nitrate, vagina!, 3099 
Chloramphenicol, 3348 
Cidopirox olamine, 3413 
Clindamydn phosphate, vaginaJ, 3482 
Qioqutnol, 3486 

Clioquinol and hydrocortlsone, 3488 
Cbbetasol propionate, 3491 
Clocortoione pivalate, 3495 
Cbtrimazole, 3525 
Gotrimazole and betamethasone 
dipropionate, 3529 
Crotamiton, 3592 
Desoxi melaso ne, 3666 
Dexamethasone sodium phosphate, 3680 
Di buca i ne, 3724 
Dienestrol, 3751 
Diflorasone diaeetate, 3759 
Dioxybenżone and oxybenzone, 3797 
Estradiol, yaginal, 4064 
Estropipate, yaginal, 4088 
Flumethasone pivalate, 4233 
Fluocinolone aceton i de, 4240 
Fiuoctnonide, 4243 
Fiuoromethobne, 4253 
Fluorouracil, 4258 
Fiurandrenofide, 4275 
Fluticasone p rop fon a te, 4287 
Gentamidn sulfate, 4392 
Gentran vb!et, 4399 
Halcinonide, 4464 
Hydrocortlsone, 4506 
Hydrocortlsone acetate, 4512 
Hydrocortlsone bu ty ratę, 4515 
Hydrocortlsone yale ratę, 4521 
Hydroguinone, 4531 
Lidocaine and prllocaine, 4854 
Lindane, 4859 
Mafenide acetate, 4928 
Medocycline sulfosalkylate, 4978 
Methylp red ni solone acetale, 5119 
Miconazole ni tratę, 5165 
Mometasone furoate, 5210 
Monobenzone, 5218 
Mupirocin, 5244 
Naftiflne hydroehlorlde, 5269 
Neomycin and polymyxin B sulfates, 5312 
Neomycin and polymyxin B sulfates and 
grarnicidin, 5320 

Neomycin and polymyxin B sulfates, 
grarnicidin, and hydrocortlsone acetate, 
5321 

Neomycin and poiymyxin B sulfates and 
hydrocortlsone acetate, 5323 
Neomycin and po|ymyxin B sulfates and 
lidocaine, 5323 


Neomycin and polymyxin B sulfates and 
pramoxine hydrochbride, 5324 
Neomycin sulfate, 5301 
Neomycin sulfate and dexamethasone 
sodium phosphate, 5303 
Neomycin sulfate and ffuocrnolone 
acetonide, 5305 

Neomycin sulfate and flurandrenolide, 
5305 

Neomycin sulfate and hydrotorlisonę, 
5307 

Neomycin sulfate and hydrocorlisone 
acetate, 5308 

Neomycin sulfate and methylprednisolone 
acetate, 5311 

Neomycin sulfate and triamcinolone 
acetonide, 5326 
Nystatin, 5401 

Nystatin, neomycin sulfate, grarnicidin, 
and triamcinolone acetonide, 5404 
Nystatin, neomycin sulfate, thbstrepton, 
and triamcinolone acetonide, 5405 
Nystatin and triamcinolone acetonide, 
5407 

Pi roxf ca m, 5740 
Pramoxine hydrochbride, 5798 
Prednicarbate, 5809 
Prednisolone, 5812 
Sulfadiazine, silver, 6258 
Sulfa, vaginat, tri ple, 6245 
Tetracaine hydrochloride, 6394 
Tolnaftate, 6517 
Treli noin, 6555 

Triamcinolone acetonide, 6559 


Creatinine, 7624 
Cresol, 7624 
red, 2407 

red-thymol blue TS, 2414 
red TS, 2414 
m-Cresol purple, 2348 
TS, 2414 

Cromolyn sodium, 3587 
inhalation powder, 3588 
inhalation solution, 3588 
nasal solution, 3589 
ophthalmic solution, 3590 
Croscarmellose sodium, 7625 
Crospovidone, 7627 
Crotamiton, 3592 
cream, 3592 

Cryopreservation of cells (1044), 990 
Crypthecodinium cohnii oit, 6912 
capsules, 6914 
Crystallinity (695), 575 
C rys tal violet, 2407 
TS, 2414, 2418 
Cupric 

acetate, 2348 

acetate TS, 2414 

acetate TS, slronger, 2414, 2422 

ammonium sulfate TS, 2414 

chloride, 2348, 3592 

chloride injection, 3593 

citrate, 2348 

ci tratę TS, 2414 

citrate TS, alkaline, 2412, 2414 

citrate TS 2, alkaline, 2412, 2414 

iodide TS, alkaline, 2412, 2414 

nitrate, 2348 

ni tratę hydrate, 2348 

nitrate, tentbmormal (0,1 N), 2425 

oxide, ammaniated, TS, 2412, 2414, 2420 


sulfate, 2348, 3594 
sulfate, anhydrous, 2333, 2348 
sulfate CS, 2411 
sulfate injection, 3595 
sulfate test paper, 2408 
sulfate TS, 2408, 2414 
tartrate, alkaline, solution (Fehling's 
solution), 2425 

tartrate TS, alkaline, 2412, 2414, 2415 
Cupriethylenediamine hydroxide solution, 
TO M, 2349 
Curcuminoids, 6917 
capsules, 6918 
tablets, 6919 
Cyanoacetic acid, 2349 
Cyanotobalamin, 3596 
Co 57 capsules, 3539 
Co 57 orał solution, 3539 
Co 58 capsules, 3540 
injection, 3597 
tablets, 3597 
Cyanogen bromide, 2349 
4-Cyanophenol, 2349 
4-Cyanopyridine, 2349 
Cyclam, 2349 
Cydandelate, 3598 
Cydizine hydrochloride, 3599 
tablets, 3600 
Cydobenzaprine 

hydrochloride extended-release capsules, 
3602 

Cydobenzaprine hydrochloride, 3601 
tablets, 3604 

l,l-Cyclobutanedicarboxylic acid, 2349 
ct-Cydodextrin, 2349 
j3-Cydodextrin, 2349 
Cyclohexane, 2349 
Cyclohexanol, 2349 

(1,2-Cydohexylenedinitri!o5tetraacetic acid, 
2349 

Cydohexylmethanol, 2349 
Cydom et hicone, 7629 
Cydopentolate hydrochloride, 3605 
ophthalmic solution, 3606 
Cydophosphamide, 3606 
for injection, 3608 
tablets, 3609 
Cydopro pa ne, 3610 
Cydoserine, 3611 
capsules, 3612 
Cydosporine, 3612 
capsules, 3613 
injection, 3615 
orał solution, 3616 

Cydosporine compounded, veterinary 
ophthalmic solution, 3617 
Cyproheptadine hydrochloride, 3618 
orał solution, 3619 
tablets, 3619 
Cyromazine, 3620 
Cysteinę hydrochloride, 3621 
injection, 3621 
Cystine, 6921 
l-Cystine, 2349 
Cytarablne, 3622 
for injection, 3623 


D 

Dacarbazine, 3625 
for injection, 3625 
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Dactinomytin, 3627 
for Injection, 3627 
Dal tępa rin 
sodium, 3628 
Da na zol, 3631 
ca psu fes, 3631 
Dantrolene sodium, 3632 
ca psu fes, 3634 
for injection, 3635 
Dapsone, 3636 
orał suspension, 3637 
tablets, 3638 

Dauraorubicm hydrochloride, 3639 
for injection, 3639 
DEAE-Agarose, 2349 
Decanol, 2349 
Decoguinate, 3640 
premix, 3640 

Decyl sodium sulfate, 2349 
Deferoxamine mesylate, 3641 
for injection, 3642 
Dehydrated afcohof, 2349 
Dehydroacetic acid, 7630 
Dehydrochoiic acid, 3643 
tablets, 3643 

De la fieldu hematoxylin TS, 2414 
Deliverable volume (698), 579 
De I ta -8 - tetra hy d raca n na bi not, 2398 
Demecanum brom ide, 3643 
ophthalmic solution, 3644 
Demedocydine, 3644 
hydrochloride, 3646 
hydrochloride capsules, 3646 
hydrochloride tablets, 3647 
orał suspension, 3645 
Denatonium benzoate, 7631 
Denaturated aicohol TS, 2414 
Denłg&s' reagent, 2414 
Density of soltds (699), 582 
Den tal pastę 

triamdnolone acetonide, 6561 
Deoxyadenosine triphosphale, 2349 
Deoxycytidine triphosphate, 2349 
Deoxyguanosine triphosphate, 2349 
Deoxydbonucleic acid polymerase, 2349 
Deoxythymtdme triphosphate, 2349 
Depyrogenation <1228), 1791 
Depyrogenation by flltration (1228*3), 1799 
Description and relative solubility of USP and 
NF articies, 2453 
Desflurane, 3648 

Design, evaluation and characterizabon of 
viral dearance procedures (1050.1), 1082 
Design and analysis of biologtcal assays 
(111), 199 

Design and deve|opment of biological assays 
(1032), 917 

Desiprarmne hydrochloride, 3650 
tablets, 3651 
Deslanoside, 3653 
injection, 3654 
Desloratadine, 3655 
tablets, 3656 

orally disintegrating tablets, 3658 
Desmopressin acetate, 3660 
injection, 3661 
na sal spray, 3662 
Desogestrel 

and ethinyl estradiol tablets, 3663 
Desonide, 3664 
Desoximetasone, 3665 
cream, 3666 
gel, 3667 
ointment, 3667 
Desoxycholic acid, 7631 


Desoxycorticosterone 
acetate, 3668 
acetate injection, 3668 
acetate pellets, 3669 
pivalate, 3669 

pfyaiate injectable suspension, 3669 
Detection of irradiated dretary supplements 
(2250), 2282 
Determination 
methoxy (431), 359 
nitrogen (461), 366 
Deuterated methanol, 2349 
Deuterated water, 2350 
Deuterium 
chloride, 2350 
oxide, 2350, 2350 
Deulerochloroform, 2350 
Devarda's alloy, 2350 
Dexamethasone, 3670 
acetate, 3675 

acetate injectab e suspension, 3676 

topical aerosol, 3671 

and dprofloxaein otic suspension, 3436 

e!ixir, 3671 

gel, 3672 

injection, 3672 

and neomydn and polymyxin 8 sulfates 
ophthalmic ointnnent, 5319 
and neomycin and polymyxin B suffates 
ophthalmic suspension, 5319 
ophthalmic suspension, 3673 
peniciiiin G proca i ne, dihydrostreptomycin 
sulfate, and chlorpheniramine maleate 
injectable suspension, 5612 
sodium phosphate, 3677 
sodium phosphate cream, 3680 
sodium phosphate inhalation aerosol, 3679 
sodium phosphate injection, 3681 
sodium phosphate and neomydn sulfate 
cream, 5303 

sodium phosphate and neomydn sulfate 
ophthalmic ointment, 5303 
sodium phospha;e and neomydn sulfate 
ophthalmic solution, 5304 
sodium phosphate ophthalmic ointment, 

3681 

sodium phosphate ophthalmic solution, 

3682 

orał solution, 3674 
tablets, 3674 

and tobramycin ophthalmic ointment, 

6500 

and tobramycin ophthalmic suspension, 

6501 

Dexbrompheniramine mafeate, 3683 
and pseudoephedrlne sulfate orał solution, 
3684 

Dexchlorpheniramme maleate, 3685 
orał solution, 3687 
tablets, 3688 

Dexmedetomidine hydrochloride, 3689 
Dexpanthenol, 3690 
assay (115), 203 
preparation, 3691 
Dextran 
1, 3692 
40, 3694 

40 in dextrose injection, 3696 
40 in sodium chloride injection, 3697 
70, 3697 

70 in dextrose injection, 3700 
70 in sodium chloride injection, 3701 
high molecular weight, 2350 
Dextrates, 7632 
Dextrin, 2350, 7633 


Dextro calcium pantothenate, 2350 
Dextroamphetamine sulfate, 3701 
capsules, 3702 
tablets, 3703 
Dextromethorphan, 3704 
chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, capsules 
containing at least three of the 
following, 2552 

chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, ora! powder 
containing at least three of the 
following, 2555 

chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, orał solution 
containing at least three of the 
following, 2557 

chlorpheniramine, pseudoephedrine (salts 
of), and acetaminophen, tablets 
containing at least three of the 
following, 2559 
hydrobromide, 3705 
hydrobromide, acetaminophen, 
doxylamine sucdnate, and 
pseudoephedrine hydrochloride ora! 
solution, 2567 

hydrobromide, guaifenesin, and 
pseudoephedrine hydrochloride 
capsules, 4455 

hydrobromide, pseudoephedrine 
hydrochłoride, and carbmoxamine 
maleate orał solution, 5910 
hydrobromide orał solution, 3707 
hydrobromide, acetaminophen, and 
chlorpheniramine maleate tablets, 2561 
Dextrose # 3707 

adenine solution, anLicoagulant cltrate 
phosphate, 2834 
anhydrous, 2350 

and dopamine hydrochloride injection, 
3866 

excipient, 7634 

and half-strength lactated Ringeds 
injection, 6028 
injection, 3709 
injection, aicohol in, 2619 
injection, bretylium tosylate In, 3049 
injection, bupivacaine hydrochloride in, 
3067 

injection, dobutamine in, 3843 
injection, magnestum sulfate in, 4953 
injection, potassium chloride in, 5766 
injection and potassium chloride in 
lactated Ringeds, 5769 
injection and sodium chloride injection, 
potassium chloride in, 5767 
injection, tetracaine hydrochloride in, 6397 
injection, theophyltine in, 6423 
injection lype 1 and multiple electrolytes, 
3954 

injection type 2 and multiple electrolytes, 
3958 

injection type 3 and multiple electrolytes, 
3961 

and lactated RIngeds injecLion, 6025 
and lidocaine hydrochloride injection, 

4852 

and modtfied lactated Ringeds injection, 
6030 

and Ringeds injection, 6021 
and sodium chloride injection, 3709 
solution, ant koagulant ci tratę, 2832 
solution, anticoagulant ci tratę phosphate, 
2833 

Diacetyf, 2350 


ndex 



ndex 


1-16 Diace-Dieta 


Combined lndex to U5P 40 and NF 35 


DiaceLylated monaglycerides, 7634 
S^Diaminobenzidlne hydrochtaride, 2350 
2,3-Diaminonaphthalene, 2350 
Diatomaceous earth, 2350 
flux-taldned, 2350 
silanized, 2350 
Diatomaceous srlica 
caEcined, 2350, 2387 
Diatrizoate 
meglumine, 3710 
meglumine and diatrizoate sodium 
injection, 3712 

meglumine and diatrizoate sodium 
solution, 371 3 
meglumine injection, 3711 
sodium, 3713 

sodium and diatrizoate meglumine 
injection, 3712 

sodium and diatrizoate meglumine 
solution, 371 3 
sodium injection, 3715 
sodium solution, 3715 
Diatrizorc acid, 3716 
Diaveridine, 2350 
Diazepam, 3717 
capsules, 3718 

extended-release capsules, 3718 
injection, 3719 
tablets, 3720 

Diazobenzenesulfonic acid TS, 2414 
DIazoxide, 3720 
capsules, 3721 
injection, 3722 
orał suspension, 3722 
Dibasic 

ammonium citrate, 2350 
ammonium phosphate, 2351 
calcium phosphate, anhydrous, 3151 
calcium phosphate dihydrate, 3149 
calcium phosphate tablets, 3152 
potassium phosphate, 2351, 5787 
sodium phosphate, 6200 
Dibenzyl, 2351 

2, 6 - Di b romoq u i none-ch Eon m ide, 2351 
Dlbucalne, 3723 
cream, 3724 
hydrothloride, 3725 
hydrochloride injection, 3725 
ointment, 3724 
Dib u ty I 

phthalate, 2351, 7635 
sebacate, 7635 
Dibutylamine, 235 i 
Dibutylammonium phosphate, 2351 
I^Dicaffeoylguimc acid, 2351 
Dichloralphenazone, 3726 
jsometheptene mucate and 
acetamfnophen capsules, 4692 
Dichloroacetic add, 2351 

2.5- Dichloroaniline, 2351 

2.6- Dtchloroaniline, 2351 
o-Dichlonobenzene, 2351 
Dichiorodifluoromethane, 7636 
1,2-DIchloroethane, 2351 

Di di ioroflu o rescei n, 2351 
TS, 2414 

Dichlorofluoromethane, 2351 

2.6- DichEoroindophenol sodium, 2351 
Dichloromethane, 2351 
2,4-Dichloro-l-naphthoi, 2352 

2.6- Dichlorophenol-indophenol sodium, 
2351, 2352 

DIch lorophenoJ-indophenpl solu t i on, 
standard, 2425 

2.6- DIchlorophenylacetic acid, 2352 


2,6-D i c h lo roq ui rone-e h lori m ide, 2352 
D ich lorote trafi uoroethane, 7637 
Dichlorphenamide, 3726 
tablets, 3727 
Didazuril, 3728 
Didofenac potassium, 3729 
tablets, 3730 
Didofenac sodium, 3731 
and misoprostol delayed-release tablets, 
3736 

delayed-release tablets, 3732 
extended-retease tablets, 3734 
Dicloxacillin sodium, 3739 
capsules, 3741 
for orał suspension, 3742 
Dicyclohexyl, 2352 
Dicydohexylamhe, 2352 
Dicyclohexyi phthalate, 2352 
Drcydomine hydrochloride, 3742 
capsules, 3743 
injection, 3744 
orał solution, 3744 
tablets, 3745 
D id an osinę, 3746 
delayed-release capsules, 3747 
for orał solutian, 3749 
tablets for orał suspension, 3750 
Dienestrol, 3751 
cream, 3751 


Dietary supplements 

N-acetylglucosamine, 6781 
Ademetionine disulfate tosylate, 6783 
t-Alanyl-l-glutaminę, 6784 
Andrographis, 6793 
Andrographis, powdered, 6795 
Andrographis extract, powdered, 6797 
Arginine capsules, 6798 
Arginine tablets, 6799 
Ashwagandha root, 6800 
Ashwagandha root extract, powdered, 
6804 

Ashwagandha root, powdered, 6802 
Astaxanthin esters, 6810 
Astragalus root, 6812 
Astra gal u s root dry ex traci, 681 7 
Astragalus root powder, 6815 
Aztec marigold zeaxanthin extract, 6819 
Badllus subtifis subsp. subtiiis 
menaquinone-7 extract, 7101 
Bacopa, 6821 
Bacopa, powdered, 6822 
Bacopa ex traci, powdered, 6824 
Banaba leaf, 6825 
Banaba leaf dry extract, 6828 
Banaba leaf powder, 6827 
Beta carotene preparation, 6830 
Beta gfucan, 6831 
Bilberry extract, powdered, 6834 
Black cohosh, 6836 
Black cohosh, powdered, 6838 
Black cohosh extract, powdered, 6840 
Black cohosh tablets, 6843 
Black pepper, 6845 
Powdered black pepper extract, 6849 
Powdered black pepper, 6847 
Borage seed oil, 6850 
Borage seed oif capsules, 6851 
Boswellia serrata, 6852 
Bosweflia.serrata extract, 6853 
Calcium cltrate tablets, 6855 
Calcium L-5-methyltetrahydrofolate, 6858 


Calcium L-5-methyItetrahyd rafo late 
capsules, 6860 

Calcium L-5-methyltetrahydrofolate tablets, 
6861 

Calcium and vitamin D with minerał* 
tablets, 6864 

Calcium with viiamtn D tablets, 6863 
Cafs daw, 6868 
Cat's cl a w capsules, 6872 
Cat's daw extract, powdered, 6871 
Ca Cs cl a w, powdered, 6869 
Cat's daw tablets, 6874 
Centeila asiatica, , 6875 
Centetla asiatica, powdered, 6877 
Centetla asiatica extract, powdered, 6878 
Centetla asiatica Iriterpenes, 6880 
Chamomile, 6881 
Chaste tree, 6883 
Chaste tree, powdered, 6885 
Chaste tree extract, powdered, 6886 
Chinese salvia, 6892 
Chinese salvia, powdered, 6894 
Cholinę bitartrate, 6896 
Cholinę chloride, 6898 
Chondroltin sulfate sodium, 6899 
Chondroitin sulfate sodium, shark, 6903 
Chondroitin sulfate sodium tablets, 6902 
Chrom rum pi coli na te, 6906 
Chromium picolinate tablets, 6907 
Citrulline, 6907 
Clover, red, 7141 
Clover, powdered red, 7143 
Clotfer extract, powdered red, 7145 
Clover tablets, red, 7147 
Cod liver oil capsules, 6908 
Cohosh, black, fluldextract, 6842 
Cranberry liquid preparation, 6911 
Crypthecodinium cohnit oil, 6912 
Crypthecodinium cohnii oil capsules, 6914 
Curcuminoids, 6917 
Curcuminoids capsules, 6918 
Curcuminoids tablets, 6919 
Diosmin, 6922 
Echinacea angustifolia, 692 3 
Echinacea angustifolia, powdered, 6926 
Echinacea ongustifolio extract, powdered, 
6928 

Echinacea paliida, 6931 
Echinacea paliida, powdered, 6933 
Echinacea paliida , powdered, extract, 6935 
Echinacea purpurea aerial parts, 6937 
Echinacea purpurea , powdered, 6942 
Echinacea purpurea, powdered, extract, 

6944 

Echinacea purpurea root, 6940 
Eleuthero, 6947 
Eleuthero, powdered, 6948 
Eleuthero extract, powdered, 6950 
Evening pnmrose oil, 6951 
Evening primrose oil capsules, 6952 
Fenugreek seed, 6953 
Fenugreek seed powder, 6955 
Fenugreek seed powdered extract, 6958 
Feverfew, 6960 
Feverfew, powdered, 6961 
Fish oil containing om ega-3 acids, 6962 
Fish oil containing omega-3 actds capsules, 
6965 

Fish oil containing omega-3 adds delayed- 
release capsules, 6968 
Flax seed oil, 6969 
Ffax seed oil capsules, 6969 
Forskohlii, 6970 
Powdered forskohlii, 6972 
Powdered forskohlii extract, 6973 
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Dietary supplements (continued) 
Ganoderma luctdum fruitlng body, 6974 
Ganoderma luctdum faiitmg body powder, 
6978 

Gardnia camhogia, 6981 
Gardnie cambogia, powdered, 6982 
Gardnia hydroxydlrate extract, powdered, 
6983 

Gardnia indica f 6984 

Gorcinia indica, powdered, 6986 

Garlic, 6987 

Garlic, powdered, 6989 

GaHic extfact, powdered, 6991 

Garlic fluidextract, 6992 

Carlic delayed-release tablets, 6993 

Ginger, 6995 

Ginger, powdered, 6997 

Ginger ca psu! es, 7001 

Ginger Lincture, 6999 

Ginkgo, 7003 

Cinkgo extract, powdered, 7005 
Ginkgo capsules, 7008 
Ginkgo tablets, 7010 
Ginseng, American, 6786 
Ginseng, American, capsules, 6790 
Ginseng, American, powdered, 6787 
Ginseng, American extract, powdered, 

6789 

Ginseng, American, tablets, 6792 
Ginseng, Asian, 6805 
Ginseng, Asian, powdered, 6807 
Ginseng, Asian extract, powdered, 6808 
Ginseng, Asian, tablets, 6809 
Glucosamine and chondroitin sulfate 
sodium tablets, 7012 
Glucosamine hydrach loride, 7014 
Glucosamine tablets, 7014 
Glucosamine sulfate potassium chloride, 
7015 

Glucosamine sulfate sodium chloride, 7016 
Glucosamine and methylsulfonylmethane 
tablets, 7017 

Glucosamine, chondroitin sulfate sodium, 
and methylsulfonylmethane tablets, 

7019 

Glutamic add, 7021 
Glutathione, 7022 
Glycyl-L-giutarninę, 7023 
Glycyl-L-tyrosine, 7024 
Gofdenseal, 7026 

Goidenseal exlract, powdered, 7029 
Gol den seal, powdered, 7027 
Grapę seeds oligomeric proanthocyanidins, 
7030 

Green tea extract, decaffelnated, 
powdered, 7032 
Guggul, 7034 

Guggul extract, native, 7035 
Guggul extracl, purified, 7036 
Guggul tablets, 7037 
Gymnema, 7038 
Gymnema extract, native, 7041 
Gymnema, powdered, 7040 
Gymnema extract, purified, 7042 
Hawthorn leaf with flower, 7044 
Hawthom leaf with flower, powdered, 

7046 

Hesperidin, 7048 

Holy basil leaf, 7049 

Holy basil leaf powdered, 7051 

Holy basil leaf extract, powdered, 7053 

Horse chestnut, 6888 

Horse chestnut, powdered, 6889 

Horse chestnut extract, powdered, 6891 

5-Hydroxy'L-tryptophan, 7227 


japanese honeysuckle flower, 7055 
Japanese honeysuckle flower dry extract, 
7058 

japanese honeysuckle flower powder, 7060 
Krill oil capsules, 7066 
Krill oil delayed-release capsules, 7069 
licorice, 7072 
Licorice, powdered, 7073 
Licorice extract, powdered, 7074 
Ground limestone, 7075 
Lipoic acid, alpha, 7076 
Upoić acid capsules, alpha, 7077 
Lipoic acid tablets, alpha, 7078 
Lutein, 7078 
Lutem capsules, 7079 
Lutein pre parali on, 7080 
Lycopene, 7081 
Lycopene preparation, 7083 
Lysrne hydroch loride tablets, 7087 
Malabar-nut-tree, leaf, 7087 
Malabar-nut-tree, teaf, powdered, 7089 
Maiabar-nut-tree, leaf extract, powdered, 
7090 

Maritime pine, 7091 

Maritime pine extract, 7092 

Melatonin, 7094 

Melatonin tablets, 7095 

Menaquinone-7, 7096 

Menaquinone-7 capsules, 7097 

Menaquinone-7 preparation, 7098 

Menaquinone-7 tablets, 7100 

Methyfcoba lamin, 7102 

Methylcobalamin tablets, 7103 

Methylsulfonylmethane, 7104 

Methylsulfonylmethane tablets, 7105 

Milk thistle, 7106 

Milk thistle, powdered, 7107 

Milk thistle extract, powdered, 7109 

Milk thistle capsules, 7110 

Milk thistle tablets, 7112 

Minerals capsules, 7113 

Minerats tablets, 7121 

Northern schlsandra fruit, 7184 

Northern schisandra fruit dry extract, 7185 

Northern schlsandra fruit powder, 7187 

Gmega-3 acids trlglycerides, 7128 

Phyffonthus a morus, 7131 

Phyitanthus amarus, powdered, 7133 

Potassium citrate tablets, 7134 

Powdered Rhodiota raseo, 7151 

Powdered Rhodiota rosea extraćt, 7152 

Powdered rosemary, 7161 

Pygeum extract, 7136 

Quercetm, 7140 

Rhodiota rosea, 7149 

Rhodiota roseo capsules, 7155 

Rhodiota rosea tablets, 7157 

Rhodiota rosea tincture, 7154 

Ribose, 7159 

Rosemary, 7160 

Rosemary leaf dry agueous extract, 7163 
Rutin, 7164 

St John's wort flowering top, 7166 
5t John ł s wort flowering top dry extract 
capsules, 7172 

St, John's wort flcwering top extraet, dry, 
7169 

St. John's wort flowering top powder, 

7168 

St. John's wort flowering top dry extraci 
tablets, 7173 
Saw palmetto, 7175 
Saw palmetto, powdered, 7177 
Saw palmetto capsules, 7181 
Saw palmetto extract, 7179 


Schizochy trium oii, 7189 
Schizochytrium ot! capsules, 7191 
Selenomethionine, 7194 
Sodium ferro u s citrate, 7195 
Soy lsoflavones capsules, 7198 
Soy isofJavones extraci, powdered, 7196 
Soy isoflavones tablets, 7200 
Spirulina, 7201 
Spirulina tablets, 7205 
Stinging nettle, 7208 
Stinging nettle extract, powdered, 7211 
Stlngtng nettle, powdered, 7210 
Tienchi ginseng root and rhizome, 7213 
Tienchi ginseng root and rhizome dry 
extract capsules, 7223 
Tienchi ginseng root and rhizome dry 
extract, 7221 

Tienchi ginseng root and rhizome powder, 
7216 

Tlenchr ginseng root and rhizome powder 
capsules, 7218 

Tienchi ginseng root and rhizome dry 
extract tablets, 7225 

Tienchi ginseng root and rhizome powder 
tablets, 7219 

Tomato extract conlatnlng lycopene, 7084 
Turmeric, 7228 
Tunrieric, powdered, 7230 
Turmeric extract, powdered, 7232 
U b td eca ren o ne, 7233 
Ubidecarenone capsules, 7234 
Ubidecarenone tablets, 7235 
Ubiguinol, 7236 
Ubiquinol capsules, 7237 
Yalerian, 7238 
Va!erian, powdered, 7240 
Valerian extract, powdered, 7241 
Yalerian tablets, 7244 
Valerian tincture, 7243 
Vinpocetine, 7245 
Yinpocetine capsules, 7247 
Vinpocetine tablets, 7247 
Vttamin A orat liquid preparation, 6701 
Yitamins capsules, oil- and water-soluble, 
7290 

Vitamins with minerals capsules, ofl- and 
water-solubię, 7336 
Vitamins with minerals capsules, water- 
50lubię, 7423 

Vitamins with minerals orał solution, water- 
soluble, 7443 

Vitamins with minerals tablets, oil- and 
water-soluble, 7375 
Yitamins with minerals tablets, water- 
soluble, 7451 

Yitamins tablets, oil- and water-so lubię, 
7318 

Yitamins capsules, oil-solubte, 7248 
Vitamins capsules, water-soluble, 7400 
Vitamins with minerals orał solution, oil- 
and water-soluble, 7361 
Oil-soluble vitamins with minerals capsules, 
7265 

Oil-soluble vitamins with minerafs orał 
solution, 7275 

Oif-soluble vitamin$ with minerals tablets, 
7280 

Yitamins orał solution, oil- and water- 
soluble, 7309 

Oil-soluble yitamins ora) solution, 7255 
Yitamins tablets, oil-sołubie, 7258 
Yitamins tablets, water-soluble, 7412 
meso-Z eaxa n t h i n, 7470 
rneso-Zeaxanthin preparation, 7471 
Zinc citrate, 7473 
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Dietary supplements (continued) 
Zinc citrate tablets, 7474 
Zinc and vi tarnin C lozenges, 7475 


Diethanofamine, 7638 
Dietbylamine, 2352 
Diet Hyla minę phosphate, 2352 
N,N-Diethylamline, 2352 
Diethylcarbamazine citrate, 3752 
tablets, 3753 
Diethylene glycol, 2352 
monoethyl ether, 7640 
stearates, 7642 
succinate polyester, 2352 
Di(ethylene giycof) methyl ether, 2352 
Diethylenetriamine, 2352 
Di(2-ethyIhexy IJphthalate, 2352 
Dlethyl phthalate, 7639 
Diethylpropion hydrochloride, 3753 
tablets, 3754 

Diethylpyrocarbonale, 2352 
Diethyl sebacate, 7639 
Diethylstilbestrol, 3755 
injection, 3756 
tablets, 3756 
Diethyl sulfone, 2352 
Dlethyltoluarnide, 3757 
toprcal solution, 3757 
Diflorasone diacetate, 3758 
cream, 3759 
ointment, 3759 
Diflunisal, 3759 
tablets, 3760 
Digitalis, 3761 
capsules, 3763 
powdered, 3762 
tablets, 3763 
Digitonin, 2352 
Digitoxin, 3764 
injection, 3764 
tablets, 3765 
Digoxigenin, 2352 
Digoxin, 3766 
injection, 3 767 
orał solution, 3768 
tablets, 3768 

Dihydrocodeine bitartrate, 3769 
aspirin and caffeine capsules, 2881 
Dihydroergotamine mesylate, 3770 
injection, 3771 

24,25-Dihydroianosterol, 2352 
Dlhydroguinidine hydrochloride, 2353 
Dihydroguinine, 2353 
D i hy d ros i repto myc I n 
injection, 3773 
sulfate, 3771 
sulfate boluses, 3772 
sulfate, penicillin C procaine, 
chtorpheniramine maleate, and 
dexamethasone injectable suspension, 
5612 

sulfate and penicillin G procaine injectable 
suspension, 5611 
sulfate and penicillin G procaine 
mtramammary i nf osłon, 5611 
sulfate, penicillin C procaine, and 
predmsolone injectable suspension, 5614 
Dihydrotachysteroi, 3773 
capsules, 3773 
orał solution, 3774 
tablets, 3774 
Dihydroxyatetone, 3 77S 


Dihydroxyalumłnum 
amjnoacetate, 3775 
aminoacetate magma, 3776 
sodium carbonate, 3776 
sodium carbonate chewable tablets, 3778 

2.5- Dihydroxybenzoic add, 2353 

2.7- Dihydroxynaphthałene, 2353 

2.7- Dihydroxynaphthalene T5, 2415 

4.5- D i hy d roxy * 3-(p-su I f o ph eny I azo )-2,7- 
napthalenedisulfonic add, tri sodium salt, 
2407 

Diiodofluorescein, 2353 
TS, 2415 

Diisodecyl phthalate, 2353 
Dnsop ropa nol aminę, 7643 
Diisopropyl ether, 2353, 2357, 2366 
Di i sop ropy la minę, 2353 
Diisopropytethylamine, 2353 

1.2- Dilinoleoyl-3’Oteoybrac-glycerd, 2353 

1.2- Dilino!eoyl-3-palmitoykac-glycerol, 2353 
Diloxanide furoate, 3778 

Diltiazem hydrochloride, 3779 
extended-refease capsules, 3780 
orał solution, 3784 
orał suspension, 3785 
tabiets, 3786 
DHuted 

acetic acid, 2353, 7497 
alcohol, 2353 
hyd roch loric acid, 2353 
lead subacetale T5, 2415 
nitric acid, 2353 
sulfuric acid, 2353 
Dimenhydrinate, 3787 
injection, 3788 
orał solution, 3789 
tablets, 3790 
Dimercaprol, 3791 
injection, 3791 
Dimethicone, 7643 
viscosity 500 centistokes, 2354 

2.5 - Dim et hoxybenza I dehyde, 2354 
1,2~Dimethoxyethane, 2354 
Dimethoxymethane, 2354 
<3,4-Dimethoxyphenyl)-acetoniLrile, 2354 
Dimethyl 

phthalate, 2354 
sulfone, 2354 

$uffoxide, 2354, 2371, 3792 
sulfoxide gel, 3792 
sułfoxide irrigation, 3793 
sulfoxide topkal solution, 3793 
sulfoxide spectrophotometric gra de, 2354 
N,N-D\ metbylacetamide, 2354 
p-Dimethylaminoazobenzene, 2354 
p-Dimethylaminobenzaldehyde, 2354 
TS, 2415 

p-Dimethylaminocinnamaldehyde, 2354 
2-DimethylaminoethyI methacrylate, 2354 
Dimethylaminophenol, 2354 
Dimethylaniline (223), 287 
2,ć-Di methy f a n i l i ne, 2354 
N,N-Dimethylani3ine, 2354 
3 ( 4-Dimethyibenzophenone, 2355 

5.5- Dimethy]-1,3-cydohexanedione, 2355 
N,N-Dimethyidecylamine, 2355 

1.5 - Di methyl -1,5 -di aza un deca met hyl en e 
polymetbobromtde, 2355 

N, N -D i methy Idodecy lamin e-N-ox i d e, 2355 
Dim et byle thył( 3 - hyd roxyphenyl)a mmo n i urn 
chloride, 2355 
Dimethyl for mamide, 2355 
W,N-Dimethylformamide diethyl acetal, 2355 
^, 3-Dimelhyl-2-imidazolidinone, 2355 
1,9-Dimethyl-methylene blue, 2355 
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W,N-Dimethyl-1 -naphthylamine, 2355 
M,W-Dimethyloctylamine, 2355 

2.5- Dimethylphenol, 2355 

2.6- DimethyIphenol, 2355 

3.5- Dfmethylphenol, 2355 

3-(4,5 - Di met hy I th iazol-2-y f )-2,5 -d i p heny I 
tetrazofium bromide, 2355 
Dimethyltin dibromide, 2355 
N f N-D i m ethy I -p- p he ny le n ed i a m i n e 
dthydrochloride, 2355 
m-Dinitrobenzene, 2355 

3.5- DinitrobenzoyJ chloride, 2355 

2.4- Dinitrochlorobenzene, 2356 

2.4- Dinitrofluorobenzene, 2 356 

2.4- D i nitropheny I hyd razine, 2356 
Dinitrophenylhydrazine TS, 2415 
Dinoprost tromethamine, 3794 

injection, 3795 
Dinoprostone, 3796 
Dioctyl sodium sulfosucdnate, 2356 
Diosmin, 6922 
Dtoxane, 2356 
Dioxybenzone, 3797 
and oxybenzone cream, 3797 
Diphenhydramine 
dtrate, 3798 

citrate and acetaminophen tablets, 2569 
citrate and ibuprofen tablets, 3799 
hydrochlonde, 3802 
hydrochloride, acetaminophen, and 
pseudoephedrine hydrochlonde tablets, 
2570 

hydrochloride capsules, 3803 
hydrochloride injection, 3805 
hydrochloride orał solution, 3806 
hydrochloride and ibuprofen capsules, 
3808 

and phenyfephrine hydrochloride tablets, 
3810 

and pseudoephedrine capsules, 3813 
Diphenoxy!ale hydrochloride, 3814 
and atropinę sulfate orał solution, 3815 
and atropinę sulfate tablets, 3816 
Diphenyl ether, 2356, 2357, 2378 
Diphenylamine, 2356 
T5, 2415 

Dtphenylborinic acid, ethanolamine ester, 
2331, 2356 

Diphenylcarbazide, 2356 
Diphenylcarbazone, 2356 
TS, 2415 

2,2‘D i p heny Igły c i ne, 2356 
Diphtheria antitoxin potency testing for 
human immune globulins (162), 239 
Dipicrylamine, 2356 
Dipivefrln hydrochloride, 3817 
ophthalmic solution, 3819 
Dipropyl phthalate, 2356 
Dipyridamole, 3820 
Injection, 3820 
orał suspension, 3821 
tablets, 3822 
4,4'-Dipyndyl, 2356 
cc,cx'-Dipyndyl, 2356 
Direct red 80, 2386 
Dirithromycin, 3823 
delayed-release tablets, 3824 
Disinfectants and antiseptics (1072), 1212 
Disintegration 
<701 >, 584 

and dissolution of dietary suppiements 
<2040), 2270 
Disodium 

chromotropate, 2356 

ethy 3 e n ed i a m \ netetraaceta te, 2356 
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Disopyramide phosphate, 3825 
capsules, 3825 

extended-release capsules, 3826 
Dissdution (711 >, 588 

The dissofution procedurę: development and 
valldatEon (1092), 1296 
Distilling rangę <721 598 
Disulfiram, 3827 
tablets, 3827 

5,5'-Dithiobis (2-nitrobenzoic add), 2356 
Dithrothreitol, 2356 
Dithizone, 2356 
TS h 2415 

Divalproex sodium, 3828 
ddayed-release capsules, 3828 
delayed-release tablets, 3831 
extended-retease tablets, 3832 
Dobutamrne 

In dextrose injection, 3843 
hydrochloride, 3840 
injection, 3841 
for injection, 3842 
Docetaxel, 3844 
injection, 3846 
Docusate 
calcium, 3848 
calcium capsules, 3849 
potassium, 3850 
potassium capsules, 3851 
sod mm, 3852 
sodium capsules, 3853 
sodium and ferrous fu ma ratę extended~ 
release tablets, 4170 
sodium solution, 3853 
sodium syrup, 3854 
sodium tablets, 3855 
1-Dodecanol, 2356 
Dodecyt 
aicohol, 2356 
lithrum sulfate, 2356 
sodium sulfonate, 2356 
3- (Do d ecy I d i m e thy la m mon io) 
propanesulfonate, 2356 
Dodecyltriethylammonium phosphate, 0.5 
M, 2357 

Dodecyftfimethylammonium bromide, 2357 
DofetEIEde, 3855 
Dolasetron mesylate, 3856 
orał solution, 3858 
ora! suspension, 3858 
Donepezii hydrochloride, 3859 
tablets, 3861 

oraJly disintegratmg tablets, 3863 
Dopamine hydrochloride, 3865 
and dextrose injection, 3866 
injection, 3865 
Dorzolamide 

Hydrochloride and timolo! małeate 
ophthalmic solution, 3869 
Dorzolamfde hydrochloride 
ophthalmic solution, 3868 
Dorzofamide hydrochloride, 3867 
Doxapram hydrochloride, 3872 
injection, 3873 
Doxazosin mesylate, 3874 
tablets, 3876 

DoxepIn hydrochloride, 38 77 
capsules, 3878 
orał solution, 3879 
Doxercalciferol, 3880 
Doxorubicin hydrochloride, 3882 
injection, 3884 
for injection, 3885 
Doxycydine, 3887 
calcium orał suspension, 3894 


capsules, 3888 

extended-release capsules, 3889 

hyc la te, 3896 

hyclate capsules, 3897 

hydate de layed-release capsules, 3899 

hyclate tablets, 3900 

hyclate delayechrelease tablets, 3902 

for injection, 3891 

for orał suspension, 3892 

tablets, 3893 

Doxycycline compounded, ve ter i nary orał 
suspension, 3895 
Doxylamine sucdnate, 3906 
acetaminophen, dextromethorphan 
hyd robrom id e, and pseudoephedrine 
hydrochloride orał solution, 2567 
ora i solution, 3906 
tablets, 3907 
Drabkm ł s reagent, 2357 
Dragendorff s TS, 2415 
Dried peptone, 2357 
Dronabinol, 3907 
capsules, 3908 
Dronedarone 
hydrochloride, 3909 
tablets, 3910 
Droperidol, 3912 
injection, 5912 
Drospirenone, 3913 
and etbinyl estradiol tablets, 3916 
Drug release (724) H 600 
Dry heat depyrogenation (1228,1), 1795 
Dry heat sterilizatron (1229.8), 1840 
Duloxetine 

delayed-release capsules, 3919 
Duloxetine hydrochloride, 3922 
Dusting powder, absorbable, 3926 
Dutasteride, 3924 
Dyclonine hydrochloride, 3926 
gel, 3927 

topical solution, 3927 
Dydrogesterone, 3928 
tablets, 3928 
Dyphylllne, 3929 

and guaifenesin orał solution, 3931 
and guaifenesin tablets, 3932 
injection, 3929 
orał solution, 3930 
tablets, 3930 


E 


Earth, chromatographic, silanized, acid-base 
washed, 2357 
Ecamsule 
solution, 3933 
Echinacea 
angustifalia, 6923 
ongustifoiia, powdered, 6926 
angustifotia extract, powdered, 6928 
pallido , 6931 
pallido t powdered, 6933 
pallido extract, powdered, 6935 
purpurea aerial parts, 6937 
purpurea, powdered, 6942 
purpurea root, 6940 
purpurea extract, powdered, 6944 
Echothiophate 
lodfde, 3935 - 

iodide for ophthalmic solution, 3936 
Econazole ni tratę, 3937 


Edetate 

calcium disodium, 3938 
calcium disodium injection, 3939 
disodium, 2356, 2357, 3940 
disodium injection, 3941 
disodium TS, 2415 

disodium, twentieth-molar (0.05 M), 2425 
Edetate disodium 
0.01 M TS, 2415 
Edetic add, 2357, 7645 
Edrophonium 
chloride, 3941 
chloride injection, 3941 
Efav!renz, 3942 
capsules, 3945 
Tablets, 3947 
Egg phospbofrpids, 7646 
n-Efcosane, 2357 
Elcosanol, 2357 

Elastomeric ciosures for mjections (381), 326 
Electrolytes 

and dextrose injection type 1, multiple, 
3954 

and dextrose injection type 2, multiple, 
3958 

and dextrose Enfection type 3, multiple, 
3961 

and polyethylene glycol 3350 for orał 
solution, 5748 

injection type 1, multiple, 3949 
injection type 2, multiple, 3952 
Elemental contaminants m dietary 
supplements (2232), 2278 
Elemental tmpurities—limlts (232), 295 
Elemental impurities—procedures (233), 298 
Elements 

injection, tracę, 3964 
Eleuthero, 6947 
extract, powdered, 6950 
powdered, 6948 


Elixir 

Aromatic, 7521 

Benzaldehyde, compound, 7530 
Dexamethasone, 3671 
Fluphenazine hydrochloride, 4271 
Hyoscyamine sulfate, 4550 


Elm, 3965 
Emedastine 
difumarate, 3966 
ophthalmic solution, 3966 
Emetine hydrochloride, 3967 
injection, 3968 
Enalapril maleate, 3969 
and hydrochlorothlazide tablets, 3973 
tablets, 397] 

Enalaprilat, 3975 
injection, 3976 
Enalapril maleate 
orał suspension, 3970 
Enalapril maleate compounded, veterinary 
orał suspension, 3970 
Endotoxin En di ca tor for depyrogenation, 
397 7 

Endotoxin indicators for depyrogenation 
(1228.5), 1803 
Enflurane, 3978 
EnoxaparEn sodium, 3 979 
injection, 3982 
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Enrofloxadn, 3984 

Enrofioxadn compounded, veterinary 
orał suspension, 3986 
Ensulizole, 3987 
Entacapone, 3987 
tablets, 3988 
Entecavir, 3990 
tablets, 1992 
En za ca men e, 1993 
En zy m ati ca I ly- h y d ro ly zed 
carboxymethyJcellulose sodlum, 7581 
Enzymes used as andllary materials in 
pharmaceulical manufatturing (89), 1 77 
Eosin Y, 2357, 2407 
TS, 2415 
Ephedrine, 3994 
hydrochloride, 1995 
hydrochloride, theophyfline, and 
p hen o ba rb i tal tablets, 6424 
sulfate, 3996 
sulfate ca psuł es, 1996 
sulfate injection, 3997 
sulfate nasat solution, 3998 
sulfate orał solution, 3998 
E p i a odro ste ro ne, 2357 
4-Epianłiydrotetracydine (226 ), 288 
15-Epicarboprost, 2357 
Epinephrine, 3998 

and articaine hydrochloride injection, 2864 
assay (391), 331 
bitartrate, 4002 

bitartrate inhalation aerosol, 4002 
bitartrate ophthalmic solution, 4003 
bitartrate for ophthalmic solution, 4004 
and bupłvacaine hydrochloride injection, 
3068 

and cocaine and Letracaine hydrachlortdes 
topical solution, 3542 
inhalation aerosol, 3999 
inhalation solution, 4000 
injection, 4000 

and Irdocaine hydrochloride injection, 

4853 

nasal solution, 4001 
ophthalmic solution, 4001 
and prifocaine Injection, 5828 
and procaine hydrochloride injection, 5843 
Epinephryl borate ophthalmic solution, 4004 
Epirubidn hydrochloride, 4005 
injection, 4006 

Epitetracycline hydrochloride, 4007 
Eprinomecbn, 4009 
Eguilenin, 2357 
Equilin, 4011 
Ergocaldferol, 4011 
capsules, 401 3 
orał solution, 4014 
tablets, 4015 
a-Ergocryptine, 2357 
Ergolord mesylates, 4015 
capsules, 4016 
orał solution, 4017 
sublingual tablets, 4019 
tablets, 4018 
Ergonovine maleate, 4019 
injection, 4020 
tablets, 4021 

Ergotaminę tartrate, 4022 
and caffeine suppositories, 4026 
and caffeine tablets, 4027 
Inhalation aerosol, 4023 
Injection, 4024 
sublingual tablets, 4026 
tablets, 4025 


Eriochrome 
black T, 2407 
black TS, 2415 

black T-sodium chloride indicator, 2357, 
2408 

black T trituration, 2407 
cyanine ft, 2357 
cyanine TS, 2415 
Erytborbic add, 7647 
Erythntol, 7648 
Erythromycfn, 4030 

and benzoyl peroxide topical gel, 4038 
delayed-release capsules, 4032 
estolate, 4038 
estolate capsules, 4039 
estolate and sulfisoxazole acetyl orał 
suspension, 4040 
estolate orał suspension, 4039 
estolate for orał suspension, 4040 
estolate tablets, 4040 
eLhylsuccinate, 4041 
ethylsuccinate injection, 4043 
eLhylsuccinate, stenie, 4043 
ethylsuccinate and suifisoxazole acetyl for 
orał suspension, 4046 
ethylsuccinate orał suspension, 4043 
ethylsuccinate for orał suspension, 4044 
ethylsuccinate tablets, 4044 
topical gel, 4032 
gluceptate, sterile, 4047 
injection, 4033 
intramammary infusion, 4033 
lactobionate for injection, 4047 
tactobionate, sterile, 4048 
ointment, 4033 
ophthalmic ointment, 4034 
pledgets, 4036 
topical solution, 4036 
stearate, 4048 
stearate tablets, 4049 
tablets, 4036 

delayed-release tablets, 4017 
Erythropoielin bioassays (124), 211 
Escin, 2357 
Escitalopram 
orał solution, 4050 
Escitalopram oxalate, 4054 
Escitalopram 
tablets, 4052 

Esmolol hydrochloride, 4056 
Esomeprazole rragnesium, 4057 
detayed-release capsules, 4059 
Estazolam, 4061 
tablets, 4062 
Estradiol, 4063 
vaginal cream, 4064 
sraginal inserts, 4065 
transdermal system, 4067 
tablets, 4070 
benzoate, 4073 
cypionate, 4075 
cypionate injection, 4076 
and norethindrone acetale tablets, 4071 
yalerate, 4076 
valerate injection, 4077 
Estriol, 4078 
Estrogens 
conjugated, 4079 
esterified, 4083 
tablets, conjugated, 4081 
tablets, esterified, 4085 
Estrone, 4086 

injectable suspension, 4086 
Es tropi pa te, 4087 
tablets, 4089 


vaginal cream, 4088 
Eszopidone, 4090 
tablets, 4091 

Ethacrynate sodium for injection, 4093 
Ethacrynic acid, 4094 
tablets, 4094 

Ethambutol hydrochloride, 4095 
rifampin, tsoniazld, and pyrazinamide 
tablets, 601 3 
tablets, 4096 
Ethanesulfonic acid, 2357 
Ethchlorvynol, 4097 
capsules, 4098 
Ether, 2357, 4099 
absolute, 2327, 2357 
diphenyl, 2357 
isopropyl, 2357 

nonyl pheny! polyethylene glycol, 2357 
peroxide-free, 2357 
Ethidium bromlde, 2357 
Ethinyl estradiol, 4100 
and desogestrel tablets, 3663 
and drospirenone tablets, 3916 
and ethynodiol diacetate tablets, 4110 
and levonor gest rei tablets, 4837 
and norethindrone acetate tablets, 5387 
and norethindrone tablets, 5384 
and norgestimate tablets, 5393 
and norgestrel tablets, 5396 
tablets, 4100 

Ethiodized oil injection, 4102 
Ethionamide, 4103 
tablets, 4103 
Ethopabate, 4104 
Ethosuxtmide, 4105 
capsules, 4105 
orał solution, 41 06 
Ethotoin, 4107 
tablets, 4108 

4 J -Ethoxyacetophenone, 2357 
2-EthoxyeŁhanol, 2358 
Ethyl 

acetate, 2358, 7649 
acrylate, 2358 

a c ryła te and methacrylic acid co poły mer, 
7756 

acrylate and methacrylic acid copolymer, 
partialfymeutralized, 7760 
acrylate and methyl methacrylate 
copolymer dispersion, 7650 
alcohol, 2358 
arachidate, 2358 
benzoate, 2358 
chloride, 4109 
cyanoacetate, 2358 
ether, 2357, 2358 

ether, anhydrous, 2327, 2357, 2358 

maltol, 7651 

oleale, 7652 

salicylate, 2358 

vanillin, 7653 

2-Et hy I am i no p ro p i op henon e hy d roc hlori d e, 
2358 

4-Ethylbenzaldehyde, 2358 
Ethyibenzene, 2358 
Ethylcellulose, 7653 
agueous dispersion, 7654 
dispersion type b, 7655 
Ethylene 

dichloride, 2351, 2358 
glycol, 2358 

glycol, diethylene glycol, and triethylene 
glycol in ethonylated substances (469), 
384 

glycol monoethyl ether, 2358 
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Ethylene (continued) 
glycol stearates, 7661 
glycol and vinyl aJcohol graft copolymer, 
76SB 

oxide and dioxane (228), 290 
oxide in methylene chloride (50 mg/ml), 
2358 

Ethylenediamine, 2358, 4109 
N-Ethylmaleimide, 2358 
2*Ethyi-2-methyfsuccinic acid, 2358 
Ethylparaben, 7661 
Ethylparaben sodium, 7662 
1 -Ethylquinaldinium lodlde, 2359 
Ethynodiol diacetate, 4110 
and ethinyf estradiol tablets, 4110 
and mestranol tablets, 4111 
EtSdronate disodium, 4112 
tablets, 4113 
Etodolac, 4114 
capsules, 4115 
tablets, 4116 

extended-release tablets, 4116 
Etomidate, 4118 
injection, 4119 
Etoposide, 4120 
capsules, 4122 
injection, 4123 
Eucalyptol, 4125 
Eucalyptus oil, 7663 
Eugenol, 4125 

EvaJuation of plastic packaging Systems and 
their materials of construction with respect 
to their user safety impact (1661), 2012 
£va!uation of the inner surface d urąb i li ty of 
glass contarners <1660), 2007 
Evening primrose oil, 6951 
capsules, 6952 

Excipienl biologlcal safety evaluation 
guidelines (1074), 1217 
Exdpient performance (1059), 1143 
Exdpients 

USP and NF, listed by category, 7485 
Exemestene, 4126 
Expert committees (2015-2020), xii 
Food Chemicals Codex t xvii 
National Formulary, xvi 
United States Pharmocopeia, xii 
United States Pharmocopeia and the Dietary 
Supplements Compendium, xvi 
United States Pharmocopeia and USP on 
Compounding, xvii 

Expert Panels for the Counril of Experts 
Executive Committee, xii 


Extract 

And rog rap his, powdered, 6797 
Ashwagandha root, powdered, 6804 
Asiragalus root r dry, 6817 
Aztec Marigold Zeaxanthin Extract, 6819 
Bocillus subtilis subsp. subtilis 
menaqulnone-7, 7101 
Ba co pa, powdered, 6824 
Ba na ba teaf, dry, 6828 
Beef, 2336 
Belladonna, 2958 
Belladonna tablets, 2959 
BHberry, powdered, 6834 
Black cohosh, powdered, 6840 
Black pepper, powdered, 6849 
Boswellia serrata, 6853 
Cascara fJuidextract, aromatic, 3233 
Cascara sagrada, 3230 


Cascara sagrada fluidextract, 3233 

Cat's daw, powdered, 6871 

Centella asiaticc , powdered, 6878 

Chastę tree, powdered, 6886 

Clover, red, powdered, 7145 

Echinacea angustifolia, powdered, 6928 

Echinacea pallid: j, powdered, 6935 

Echinacea purpurea, powdered, 6944 

Eleuthero, powdered, 6950 

Fenugreek seed r powdered, 6958 

Gardn la hydroxydtrate, powdered, 6983 

Garlic, powdered, 6991 

Garlic fluidextract, 6992 

Gtnkgo, powdered. 7005 

Gin sen g, American, powdered, 6789 

Ginseng, Asian, powdered, 6808 

Goldenseal, powdered, 7029 

Green tea, decaffeinated, powdered, 7032 

Guggul, native, 7035 

Guggul, purified, 7036 

Cymnema, native, 7041 

Gymnema, purified, 7042 

Holy basil leaf powdered, 7053 

Horse chestnut, powdered, 6891 

japanese honeysuckle flower, dry, 7058 

Licorice, powdered, 7074 

Licorice fluidextract, 7733 

Mafabar-nut-Łree, leaf, powdered, 7090 

Maritlme pine, 7092 

Milk thistle, powdered, 7109 

Northern schisandra fruit, dry, 7185 

Powdered Rhodblo rosea , 7152 

Pygeum, 7136 

Pyrethrum, 592' 

Saw palmetto, 7179 
Senna fluidextract, 6142 
Soy isoflayones, powdered, 7196 
Stinging nettle, powdered, 7211 
Sb john # s wort f owering top, dry, 7169 
Tiencht ginseng root and rhizome. dry, 
7221 

To mato, containing lycopene, 7084 
Turmeric, powdered, 7232 
Valerian, powdered, 7241 
Yeast, 2406 


Ezetimibe, 4127 
tablets, 4129 


F 

F 18 

injection, fludeoxyglucose, 4250 
injection, sodium fluoride, 4251 
Factor IX comp!ex, 4132 
Factor (activateo factor X) for anti-factor 
X a test, 2359 
Famddovir, 41 32 
Famciclowr compounded 
orał suspenslon, 4135 
Famotidine, 4136 
injection, 4137 
for orał suspensicn, 4139 
tablets, 4140 
Fast 

blue B salt, 2359 
blue BB salt, 2359 
green FCF, 2359 
Fat, hard, 7665 


Fats and fixed olls (401), 332 
FD&C blue no. 1, 2359 
Fehling's solution, 2415 
Felbamate, 4142 
orał suspenslon, 4143 
tablets, 4145 
Felodipine, 4146 
extended-release tablets, 4148 
Fenbendazole, 4151 
Fennel oil, 7665 
Fenofibrate, 4153 
capsules, 4154 
tablets, 4157 

Fenol dopam mesylate, 4159 
injection, 4160 
Fenoprofen calcium, 4161 
capsules, 4163 
tablets, 4163 
Fentanyl, 4164 
Fentanyl dtratę, 4165 
injection, 4166 
Fenugreek seed, 6953 
powdered extract, 6958 
powder, 6955 
Fenie 

ammonium citrate, 2359, 2776 
ammonium citrate for orał solution, 2777 
ammonium sulfate, 2359 
ammonium sulfate, tenth-normal (OJ N), 
2426 

ammonium sulfate TS, 2415 
chloride, 2359 
chloride CS, 2411 
chloride TS, 2415 
nitra te, 2359 
oxide, 7665 

subsulfate solution, 4166 
sulfate, 2359, 4167 
Ferrocyphen, 2360 
Ferro i n TS, 2415 
Ferrosofemc oxide, 7667 
Ferro us 

ammonium sulfate, 2360 
ammonium sulfate, tenth-normal (0.1 N), 
2426 

fumarate, 4168 

fumarate and docusate sodium extended- 
release tablets, 4170 
fumarate tablets, 4169 
gluconate, 4171 
gluconate capsules, 4173 
gluconate orał solution, 41 74 
gluconate tablets, 4175 
sulfate, 2360, 4176 
sulfate, dried, 4178 
sulfate orał solution, 4177 
sulfate syrup, 4177 
sulfate tablets, 41 78 
sulfate TS, 2415 
sulfate, acid, TS, 2412, 2415 
0,07 N Ferrous ammonium sulfate, 2426 
Ferulic acid, 2360 
Ferumoxides injection, 4180 
Ferumoxsif orał suspension, 4182 
Fetal bovine serum—gualfty attribules and 
functlonality tests (90), 190 
Feverfew, 6960 
powdered, 6961 

Fexofenadine hydrochloride, 4182 
capsules, 4184 

and pseudoephedrine hydrochloride 
extended-release tablets, 4189 
tablets, 4186 

Fibroblast growth factor-2, 2360 
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Fibroblasts 

bilayer synthetic scaffold, construct human, 
3561 

polyglactin scaffold, construct human, 

3565 

Fitgrastim, 4196 

Fil ter paper, quantitalive, 2360, 2375, 2376, 
2385 

Finasteride, 4201 
tablets, 4201 

Fbh oit containing omega-3 acids, 6962 
capsules, 6965 

delayed-release capsules, 6968 
Flame photometry for reagents, 2325 
Flavoxate hydrochloride, 4202 
tablets, 4204 
Flax seed oil, 6969 
ca psuł es, 6969 
Flecaimde acetale, 4205 
orał suspension, 4206 
tablets, 4207 

Ffow Cytometric Enumeration Of CD34+ 

Cells (127), 216 
Flow cytometry <1027), 876 
Floxuridine, 4208 
for injection, 4208 
Fluconazofe, 4209 
in dextrose injection, 4214 
for ora! suspension, 4219 
injection, 4211 

in sodium chloride injection, 4216 
tablets, 4221 
Flucytosine, 4222 
capsules, 4223 
orał suspension, 4223 
Fludarabine phosphate, 4224 
injection, 4226 
for injection, 4228 
Fludeoxyglucose FI 8 injection, 4250 
Fludrocortisone acetale, 4229 
tablets, 4229 
Flumazenil, 4231 
injection, 4232 
Flunnethasone pfvalate, 4233 
cream, 4233 
Flunisofide, 4234 
nasal solution, 4235 
Flunixin meglumine, 4236 
granules, 4237 
injection, 4238 
pastę, 4239 

Fluocinolone acetonide, 4239 
cream, 4240 

and neomycin sulfate cream, 5305 
ointment, 4241 
topical solution, 4241 
Fluocinonide, 4242 
cream, 4243 
gel, 4243 
ointment, 4244 
topical solution, 4244 
Fluorene, 2360 

9-Fluorenylmethyl chloroformate, 2360 
Fluorescamine, 2360 
Fluoresceln, 4245 
injection, 4245 
sodium, 4246 

sodium and benoxinate hydrochloride 
ophthalmic solution, 4248 
sodium ophthalmic strips, 4247 
sodium and proparacaine hydrochloride 
ophthalmic solution, 4249 
Fluorescence spectroscopy (853), 777 
Fluorescence spectroscopy—theory and 
practice (1853), 2211 


Fluorine 

F 18 injection, fludeoxygJucose, 4250 
F 18 Injection, sodium fluoride, 4251 
4'-Fluoroacetophenone, 2360 
Fluorometholone, 4252 
acetale, 4255 

acetate and tobramydn ophthalmic 
suspension, 6503 
cream, 4253 

and neomycin sulfate ointment, 5305 
ophthalmic suspension, 4254 
Fluorouracłl, 4256 
cream, 4258 
injection, 4258 
toprcal solution, 4259 
Fluoxetine 
ca psuł es, 4259 

delayed-rełease capsules, 4261 
hydrochloride, 4265 
and olanzapine capsules, 5418 
orał solution, 4262 
tablets, 4263 
Fluoxymesterone, 4266 
tablets, 4267 
Fluphenazine 
decanoate, 4268 
decanoate injection, 4269 
enanthate, 4270 
enanthate injection, 4270 
hydrochloride, 4271 
hydrochloride elixir, 4271 
hydrochloride injection, 4272 
hydrochloride orał solution, 4273 
hydrochloride tablets, 4274 
Flurandrenolide, 4275 
cream, 4275 
lotbn, 4276 

and neomycin sulfate cream, 5305 
and neomycin sulfate lotion, 5306 
and neomycin sulfate ointment, 5306 
ointment, 4277 
tape, 4277 

FI urazę pam hydrochloride, 4278 
capsules, 4279 
Flurbiprofen, 4279 
sodium, 4281 

sodium ophthalmic solution, 4282 
tablets, 4280 
Flutamide, 4283 
capsules, 4284 
Ruticasone 

propionate and salmetenol inhalation 
aerosol, 4303 

propionate and salmeterol inhalation 
powder, 4309 

Fluticasone propionate, 4285 
cream, 4287 
inhalation aerosol, 4288 
inhalation powder, 4293 
nasal spray, 4298 
ointment, 4301 
Fluvastatin 
capsules, 4317 
sodium, 4315 
FluvoxamJne malente, 4318 
tablets, 4319 
Folie add, 4322 
assay <411), 345 
injection, 4323 
tablets, 4323 

Folin-ciocalteu phenol TS, 2415 
Fondaparinux sodium, 4324 
injection, 4327 
Formaldehyde 
solution, 2360, 2415, 4330 
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TS, 2415 
Formamide, 2360 
anhydrous, 2360 
Formie add, 2360 
96 percent, 2360 
anhydrous, 2360 
Formotero! fumarate, 4330 
Forskohfii, 6970 
extract, powdered, 6973 
powdered, 6972 
Foscamet sodium, 4332 
Fosfomytin tromethamine, 4333 
Fosinopril sodium, 4335 
and hydrochlorothlazide tablets, 4338 
tablets, 4337 

Fosphenytoin sodium, 4340 
injection, 4341 
Fructose, 4342 
injection, 4343 

and sodium chloride injection, 4344 
Fuchsin 

basie, 2336, 2360, 4344 
pyrogallol TS, 2415 
sulfurous acid TS, 2415 
Fuller^ earth, chrom a tog rap hic, 2347, 2360 
Fulvestrant, 4345 
Fumaric acid, 7670 
Fumsng 

nitric acid, 2361 
sulfuric acid, 2361 
Furazolidone, 4346 
orał suspension, 4347 
tablets, 4347 
Furfural, 2361 
Furosemide, 4347 
injection, 4348 
orał soi u Li on, 4349 
tablets, 4350 


G 

C design a tions, 2361 
Ga 67 injection, gallium citrate, 4379 
Cabapentin, 4351 
capsules, 4352 
tablets, 4353 
Gadodiamide, 4355 
injection, 4357 

Cadolinlum (Gd III) acetate hydrate, 2361 
Gadoitnium sulfate, 2361 
Gadopentetate dimegfumine injection, 4359 
Gadoterldol, 4360 
injection, 4363 
G ad ove rse la m i d e, 4364 
Injection, 4366 
Galactose, 7670 
Galageenan, 7671 
Galantamine 

extended-release capsules, 4367 
hydrobromide, 4375 
orat solution, 4372 
tablets, 4373 

Gailamine triethiodide, 4378 
injection, 4379 

Gallium citrate Ga 67 injection, 4379 
Gamma cyclodextrin, 7628 
Gancidovir, 4380 
for injection, 4381 
orał suspension, 4381 
Ganoderma lucidum fruiting body, 6974 
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Ganoderma lucidum frutting body powder, 
6978 

Carcinia cambogia, 6981 
powdered, 6982 
Carcinia hydroxycitrate 
extract, powdered, 6983 
Cordnia Indico, 6984 
powdered^ 6986 
Garlic, 6987 

delayed-release tablets, 6993 
extract, powdered, 6991 
fluidextract, 6992 
powdered, 6989 

Caseous steriJization {1229,7), 1837 
Gastric fluid, simulated, TS, 2415, 2420 
Gauze 

absorbent, 4382 
petrolatum, 4383 
Gel 

Ad a pa len e, 2598 
Al u min u m hydrox ide, 2682 
Aluminum hydroxtde, dried, 2682 
Aluminum hydroxide capsules, dried, 2683 
Aluminum hydroxide tablets, dried, 2683 
Aluminum phosphate, 2684 
Aminobenzoic acid, 2726 
Benzocaine, 2972 

Benzocaine, butarnben, and tetracaine 
hydroehlonde, 2979 
BenzoyJ peroxlde, 2988 
Betamethasone benzoate, 3003 
Chromatographic sfŚica, 2347 
Chromatographic siiica mixture, 2347 
Cfindamydn phosphate, 3483 
Desoximeta5one J , 3667 
Dexamethasone, 3672 
Dimethyl sulfoxide, 3792 
Dydonine hydrochloride, 3927 
Erythro myciu and benzoyl peroxide, 
toplcal, 4038 

Erythromycin, topicaf, 4032 
Fiuocinonide, 4243 
Gelatin, 7672 

Gelatin film, absorbable, 4384 
Gelatin sponge, absorbable, 4384 
Gelatin TS, 2415 
Hydrocortisone, 4507 
Indomethadn, toplcal, 4600 
Metrontdazole, 5151 
Naftifine hydrochloride, 5269 
Phenol toplcal, camphorated, 5667 
Salicylic acid, 6095 
Seleglline compounded toplcal, 61 38 
Silica, 2387 

Silica, binder-free, 2388 
Silica, chromatographic, 2347, 2388 
Sllica, impregnated gfass microfiber sheet, 
2388 

Silica mixture, chromatographic, 2347, 
2388 
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Capillary electrophoresis (1053), 1105 
Capsules—dissolution testing and rei a te d 
quaiity attributes (1094), 1316 
Cellular and tissue-based products (1046), 
1002 

Characterization of crystalline and partiatly 
crystalline solids by X-ray powder 
diffraction (XRPD) (941), 820 
Characterization of crystalline solids by 
microcaiorimetry and solution 
calorimetry (696), 575 
Chemometrics (1039), 963 
Chloride and sulfate (221), 287 
Chromatography (621), 508 
Cieaning glass apparatus (1051), 1092 
Cobalamin radiotracer assay (371), 324 
Cotlagenase I (89.1), 180 
Coflagenase 31 (89,2), 185 
Color and achromicity (631), 520 
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Color—instrumental measurement (1061), 
1172 

Completeness of solution (641), 521 
Congealing temperaturę (651), 527 
Container content for Injections (697), 578 
Containers—glass (660), 534 
Containers—performance testing (671), 

565 

Cotton (691), 573 

Cryopreservation of cells (1044), 990 
Crystallinity (695), 575 
Deliverable volume (698), 579 
Density of solids (699), 582 
Depyrogenation (1228), 1791 
Depyrogenation by frltration (1228.3), 

1799 

Design, evaluation and characterization of 
viral clearance procedures (1050.1), 

1082 

Design and analysis of biotogicai assays 
(111), 19 9 

Design and devefopment of bioiogical 
assays (1032), 917 

Detection of Erradiated dietary supplements 
(2250), 2282 

Dexpanlhenol assay (115), 203 
Dimethylaniline (223), 287 
Diphtheria antitoxin potency testing for 
human immune globulins (162), 239 
DEsinfectants and antiseptics (1072), 1212 
Disintegration (701), 584 
Disintegration and dissolution of dietary 
supplements (2040), 2270 
Dissolution (711), 588 
The dissolution procedurę: development 
and validation (1092), 1296 
Distilling rangę (721), 598 
Drug release (724), 600 
Dry heat depyrogenation (1228.1), 1795 
Dry heat sterilization (1229.8), 1840 
Elastomeric closures for injections (381), 
326 

Elemental contaminants in dietary 
supplements (2232), 2278 
Elemental impuritles—Hmits (232), 295 
Elemental impuritles—procedures (233), 
298 

Endotoxin indicators for depyrogenation 
(1228.5), 1803 

Enzymes used as aneritary matenals in 
pharmaceutical manufacturing (89), 1 77 
4-Epianhydrotetracycline (226), 288 
Epinephrine assay (391), 331 
Erythropoietin bioassays (124), 213 
Ethylene glycol, diethylene glycol, and 
triethylene glycol in ethoxylated 
substances (469), 384 
Ethylene oxlde and dioxane (228), 290 
Evaluatron of plastic packaging systems 
and their matenals of construction with 
respect to their user safety impact 
(1661), 2012 

Evaluation of the inner surface durability of 
glass containers (1660), 2007 
Excipient bioiogical safety evaluation 
guidelines (1074), 1217 
Excipient performance (1059), 1143 
Fats and fixed oils (401), 332 
Feta! bovine serum—quality attributes and 
functionality tests (90), 190 
Flow Cytometric Enumeration Of CD34+ 
Cells (127), 216 
Flow cytometry (1027), 876 
Fluorescence spectroscopy (853), 777 
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General thaplers (continued) 

Fluorescence spectroscopy—theory and 
practice <1853), 2211 
Folie acid assay (411), 345 
Gaseous sterilization <12297), 1837 
Gene therapy products (1047), 1031 
Globule size distribution In lipid injectable 
emulsions <729), 607 
Glucagon bioidenbty tests (123), 210 
Glycoproteśn and glycan analysis—generał 
considerairons (1084), 1259 
Good distribution practices for bulfc 
pharmaceuticai excipients (1197), 1678 
Good manufacturing practices for bulk 
pharmaceuticai exdpients (1078), 1222 
Good packaging practices (1177), 1613 
Good repackaging practices (11 78), 1616 
Good storage and distribution practices for 
drug products (1079), 1242 
Growth factors and cytokines used in celi 
therapy manufacturing (92), 195 
Hazardous drugs—handling in heafthcare 
settings (800), 727 
Heavy metal* <231), 293 
Hematoxylin and eosin staining of 
sectioned tissue for microscopic 
examination <12857), 1982 
High-performance thrndayer 
chromatography procedurę for 
Identification of articles of botanieal 
origin (203), 258 
Humań plasma (1180), 1618 
Identification of articles of botanieal origin 
(563), 440 

Identification of artides of botanieal origin 
by high-performance thin-fayer 
c hrom a tog ra phy p roced u re (1064), 

1187 

Identification of fixed oils by thin-layer 
chromatography <202), 257 
Identification—organie nitrooenous bases 
(181), 245 

Identification tests—generał <191), 245 
Identification-tetracyclines (193), 254 
Irnmunogenicity assays—design and 
validatIon of assays to detect anti-drug 
neutratizing antibody (1106.1), 1397 
Irnmunogenicity assays—design and 
yalidation of immunoassays to detect 
anti-drug antibodies (1106), 1382 
Immunological test methods—surface 
plasmon resonance <1105), 1366 
Immunological test methods—enzyme- 
Nnked immunosorbent assay (ELISA) 

(1103), 134 4 

Immunological test methods—generał 
considerations (1102), 1337 
Immunological test methods—immunoblot 
analysis (1104), 1 355 
Impunties in drug substances and drug 
products (1086), 1270 
Impurities testing in medical gases (413), 
349 

Inhalation and nasal drug products: 
aerosols, sprays, and powders— 
performance quality tests <601), 472 
Inhalation and nasal drug products— 
generał information and product ąuality 
tests (5), 90 

Injections and implanted drug products 
(pa rente rals)—product quality tests (1), 

67 

Insulin assays <121), 205 
In vitro and in yivo evaluation of dosage 
forms (1088), 1277 


lodometric assay—antibiotics (425), 353 
lon chromatography (1065), 1197 
Iron <241), 301 
La be ling (7), 98 

Labeling of inactive Ingredients (1091), 
1296 

Lead (251), 302 
Leak ratę <604), 500 

Light diffraction measurement of particie 
size (429), 354 

Liqutd-phase sterfllzation <1229.6), 1834 
Loss on drying <731), 614 
Loss on ignition <733), 615 
Low molecuiar weight hepann molecular 
weight determinations (209), 270 
Manufacturing practices for dietary 
supplements (2750), 2303 
Mass spectra metry <736), 620 
Measurement of subvisib!e particulate 
matter in therapeutic protein injections 
(1787), 2149 

Medical devices—bacteriaf endotoxin and 
pyrogen tests <161), 236 
Medical gases assay <415), 349 
Melting rangę or temperaturę <741), 625 
Mercury (261), 303 
Methods for the determination of 
particulate matter in injections and 
ophthalmic Solutions <1788), 2163 
Methoxy determination (431), 359 
Microbial charac:erization, idenlificatlon, 
and strain typing (1113), 1419 
Microbial enumeration tests—nutntionaf 
and dietary supplements (2021), 2245 
Mfcrobiological attributes of nonsterile 
nutritional and dietary supplements 
(2023), 2256 

MicrobioEogical best laboratory practices 
(1117), 1443 

Micrabiologicaf eon troi and monitoring of 
aseptic processing environments (1116), 
1430 

Mkroblologieal examination of nonsterile 
products: aeceptance criteria for 
pharmaceuticai pre para tło ns and 
substances for pharmaceuticai use 
(1111), 1415 

Microbblogical examination of nonsterile 
products: microbial enumeration tests 

(61) , 117 

MIcrobiological examinalion of nonsterile 
products: tests for specifłed oraartisms 

(62) , 123 

Micro biolog i cal procedures for absence of 
specified microo rganlsms—n u t ri t ion a I 
and dietary supplements (2022), 2250 
Mid4nfrared spectroscopy (854), 783 
Mid-infrared spectroscopy—theory and 
practice (1854), 2220 
Minimum fili (755), 628 
Moist beat sterlllzation of agueous liquids 
(1229.2), 1815 

Monitoring devlces—time, temperaturo, 
and humidity (1118), 1449 
Monitoring of bioburden (1229.3), 1820 
Mucosal drug products—performance tests 
<1004), 829 

Mucosal drug products—product quality 
tests <4), 86 

Mycopfasma tests (63), 1 30 
Near-infrared spectroscopy (1119), 1455 
Nephelometry, turbidimetry, and visuaf 
comparfsoD (855), 787 
New sterilization methods (1229.12), 1848 
Niadn or niadnamide assay (441), 361 
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Nrtrite litration (451), 366 
Nitrogen determination (461), 366 
Nomendature (1121), 1469 
Nuclear magnetic resonance spectroscopy 
(761), 629 

Nucteic acid-based technigues— 
amplificatlon (1127), 1487 
Nucleic acid-based technlques— 
approaches for detecting tracę nudetc 
adds (residual DNA testing) <1130), 

1507 

Nucleic acid-based techniques—extraction, 
delection, and sequencing <1126), 1477 
Nucleic acid-based techniques—generał 
(1125), 1471 

Nucleic acid-based techniques— 
genotyping (1129), 1503 
Nucleic acid-based technlgues—microarray 
(1128), 1497 

OHgosaccharide analysis (212), 273 
Ophthalmic products—performance tests 
(1771), 2135 

Ophthalmic products—guafity tests (771), 
639 

Opticat microscopy (776), 645 
Optical rotation (781), 648 
Orał drug products—product guality tests 
< 2 >, 74 

Orally inhaled and nasal drug products 
<1664.1), 2048 

Ordinary impurities (466), 368 
Osmolality and osmolarity (785), 656 
Oxygen fiask combustion (471), 385 
Package integrity and test method 
selection (1207.1), 1707 
Package Integhty leak test technologies 
(120 7.2), 1719 

Package seal quality test technologies 
<1207.3), 1736 

Packaging and repackagIng—single unit 
containers (1136), 1532 
Packaging and storage requrrements (659), 
529 

Pancreatln (1025), 866 
Particie slze distribution estimatlon by 
analytical sieving (786), 658 
Particulate matter in Injections (788), 665 
Particulate matter in ophthalmic Solutions 
(789), 669 
ph (791), 672 

Pharmaceuticai ealculations in pharmacy 
practice <1160), 1569 
P harmaceu ti c al com po u nd i n g—non s te ri le 
preparat ions (795), 675 
Ph arm aceu lica I co m po un d i ng—sterHe 
preparat ions (797), 683 
Pharmaceuticai dosage forms (1151), 1543 
Phase-solublllty analysis <1171), 1599 
Physical enwonments that promote safe 
medication use (1066), 1200 
Physicochemlcal analytical procedures for 
insulins (121.1), 207 

Physicochemical integrators and rndlcators 
for sterilization (1229.9), 1842 
Plasma spearochemistry (730), 611 
Plasma spectrochemistry—theory and 
practice <1730), 2067 
Plastic materials of construction <661.1), 

542 

Plastic packaging Systems and their 
materials of construction (661), 541 
Plastic packaging systems for 
pharmaceuticai use (661.2), 554 
Polarography (801), 746 
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General chapters (continued) 

Porosimetry by mercury intrusion (267), 
306 

PorosEty by nitrogen adsorption-deSOrption 
<268), 309 

Positron emission tomography drugs for 
compounding, investigational, and 
research uses (B23), 758 
Positron emission tomography drugs- 
information <1823) , 2190 
Powder flneness (811), 750 
Powder flow (1174), 1602 
Prekallikrein activator (165), 241 
Preparation of bioJogćcal specimens for 
histofogfe and immunohistochemical 
a na łysi s (1285), 1978 
Prescription balances and volumetrfc 
apparatus <1176), 1607 
Prescription Container tabeling (17), 107 
Products for nebutEzation—characterization 
tests (1601), 1984 
Propellants (602), 498 
Protein A guality atlributes (130), 227 
Protein determination procedures (507), 
395 

Pyrogen test (151), 234 
Quality assurance in pharmaceutical 
compounding (1163), 1593 
Quallty attribuEes of tablets labefed as 
having a fu nc tlona i score (705), 586 
Quaiity of biotechnological products: 
analysfs of the expression construct En 
cells used for production of r-DNA 
derived protein products (1048), 1060 
Quality of biotechnological products: 
stability testing of biotechnological/ 
btological products <1049), 1062 
Radiation sterifization <1229J 0), 1843 
Radioactivity (821), 751 
Radioaclivity—theory and practice (1821) , 
2177 

Raman spectroscopy (1120), 1461 
Readily carbonizable substances test (271), 
314 

Refractive index (831), 768 
Residual host celi protein measurement fn 
biopharmaceuticals (11 32), 1511 
Residual solvents (467), 369 
Residue on ignition (281), 314 
Rheometry (1911), 2238 
Riboflavin assay (481), 386 
Safts of organie nitrogenous bases (501), 
392 

Scanning electron microscopy (1181), 

1641 

Selenium <291), 315 
Semisolid dryg products—performance 
tests (1724), 2055 
Sensitizatron testing (1184), 1651 
Shear celi methodology for powder flow 
testing (1063), 1175 
Significant change guide for bulk 
pharmaceutical exdpients <1195), 1667 
Single-steroid assay <511), 400 
Somatropin bioidentity tests <126), 214 
Spacers and valved holding cham bers used 
with inhalation aerosols— 
characterization tests (1602), 1988 
Specific gravity (841), 768 
Specific surface area (846), 769 
Spectrophotometric Identification tests 
<197), 255 

Stability considerations in dispenstng 
practice (1191), 1662 


Steam sterilization by direct contact 
<1229,1), 1812 

Sterile product padcaging—integrity 
evaluation <1207), 1 700 
SteriEity testing—va1idation of isolator 
systems (1208), 1739 
SteriJEty tests (71), 136 
Sterifization-in-place (1229.13), 1849 
Sterilization of compendial articles (1229), 
1807 

Sterilization and sterility assurance of 
compendial articles (1211), 1744 
Sterilizing filtration of liguids (1229,4), 
1824 

5ubvisible parJculate matter in therapeutic 
protein injections (787), 663 
Sulfur dioxide (525), 401 
Supplemental information for articies of 
botanical origin (2030), 2260 
Sutures—diameter (861), 795 
Sutures—needle attachment (871), 796 
Tablet breaking force (1217), 1750 
Tablet friability (1216), 1749 
Tensile strength (881), 797 
Terminally sterilized pharmaceutical 
products—parametric release (1222), 
1753 

Test for 1,6-anhydro derivative for 
enoxaparin sodium (207), 261 
Theory and practice of electrica! 
conductivit) measurements of Solutions 
(1 644), 2000 

Thermal analysEs (891), 798 
Thiarmne assay (531), 407 
Thin-iayer chromatographlc Identification 
test (201), 256 
Titrimetry (541), 416 
Topical aerosds (603), 499 
Topical and transdermal drug products— 
product quality tests (3), 78 
Total organie carbon (643), 522 
Transfer of analytical procedures (1224), 
1778 

Trifiuoroacetic acid (TFA) in peptides 
(503,1), 394 

Ultraviolet-visible spectroscopy (857), 789 
U11 ra vi o I et-vi $ i b I e s pec trosc opy—th eo ry 
and practice (1857), 2229 
Uniformity of dosage units (905), 802 
USP reference standards (II), 104 
Vaccines for human use—bacterial vaccines 
(1238), 1943 

Vaccines for human use—generał 
considerations (1235), 1905 
Vaccines for human use—polysaccharide 
and gfycoecnfugate vacdnes (1234), 
1888 

YaiEdation of alternatiue microbiological 
methods (1223), 1756 
Validatton of compendial procedures 
(1225), 1 780 

Validation of microbiaf recovery from 
pharmacopeial articles (1227), 1787 
Validation of alternative methods to 
antibiotic microbial assays (1223.1), 

1770 

Vapor phase sterilization <1229.11), 1847 
Verification of compendial procedures 
(1226), 1786 

Vibrational circular dichroism 
spectroscopy theory and practice <1782), 
2136 

Vibrational circular dichroism spectroscopy 
(782), 649 
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yiral safety evaluation of biotechnology 
products derived from celi lines of 
human or animal origin <1050), 1067 
Virology test meLhods <1237), 1922 
Vlrus testing of human plasma for further 
manufacture (1240), 1956 
Vlsco$ity—capillary methods <911), 806 
Viscosity—pressure driven methods (914), 
814 

Viscosity—rolling bali method (913), 812 

Visco$ity—rotational methods (912), 808 

Vi$ibJe particulates in injections <790), 671 

Vitamin A assay (571), 454 

Vitamin actMty assay (171), 242 

V!tamin C assay (580), 459 

Vitamin D assay (581), 462 

Vitamin E assay (551), 419 

Volumetric apparatus (31), 110 

Water conductivEty (645), 523 

Water determination (921), 815 

Water for hemodialysis applications (1230), 

1851 

Water for pharmaceutical purposes (1231), 

1852 

Water-solid interactions in pharmaceutical 
systems (1241), 1966 
Weighing on an analytical balance (1251), 
1970 

Weight variation of dietary supplements 
(2091), 2277 

Written prescription drug information— 
guidelines (1265), 1976 
X-ray fluorescence spectrometry (735), 615 
X-ray fluorescence spectrometry—theory 
and practice (1 735), 2074 
Zine determination <591), 471 


General notices and reąuirements, 1 
Conformance to standards, 3 
Monograph components, 5 
Monographs and generał chapters, 5 
Offtdal status and legał recognition, 3 
Prescribing and dispensing, 12 
Preseryation, packaglng, storage, and 
labetEng, 12 

Terms and definftions, 9 
Test results, 9 

Testing practices and procedures, 7 
Tłtle and revision, 3 
General tests for reagents, 2324 
Geneticin, 2361 
Centamicin 
injection, 4390 

and prednisolone acetate ophthalmic 
ointment, 4397 

and prednisolone acetate ophthalmic 
suspension, 4397 
sulfate, 4391 

sutfate and betamethasone acetate 
ophthalmic solution, 4393 
sulfate and betamethasone valerate 
ointment, 4394 

sulfate and betamethasone valerate otEc 
solution, 4395 

sulfate and betamethasone valerate topical 
solution, 4396 
sulfate cream, 4392 
suffate ointment, 4392 
sulfate ophthalmic ointment, 4393 
sulfate ophthalmic solution, 4393 
uterine infusion, 4390 
Gentian violet, 4398 
cream, 4399 
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Gentian violet (continued) 
top scal solution, 4400 
Cmger, 6995 
capsules, 7001 
powdered, 6997 
tincture, 6999 
Cinkgo, 7003 
capsules, 7008 
extract, powdered, 7005 
tablets, 7010 
Ginseng 
American, 6786 
Asian, 6805 

capsules, American, 6790 

ex traci, powdered American, 6789 

extract, powdered Asian, 6808 

powdered, American, 6787 

powdered, Asian, 6807 

tablets, American, 6792 

tablets, Asian, 6809 

Tienehi, root and rhizome, 7213 

Hen chi, root and rhizome dry extract, 

7221 

Tlenchi, root and rhizome powder, 7216 
Girard reagent T, 2361 
Gitoxin, 2361 

Glacial acetic acid, 2361, 2580 
TS, 2415 
Glass wool, 2361 
Claze, pharmaceutical, 7675 
Glimepiride, 4400 
and pioglitazone tablets, 5716 
tablets, 4402 
Clipizide, 4404 

and metformin hydrochloride tablets, 4407 
tablets, 4405 

Globule size distribution in lipid injectable 
emulsions (729), 607 
Globulin 
immune, 4409 
reagent, anti-human, 2334 
RH 0 (D) immune, 4410 
Glucagon, 4410 
for injectioo, 4411 

Glucagon bioidentity tests (123), 210 
D-Gluconic acid, 50 percent in water, 2361 
Gluconolactone, 4412 
Glucosamine 

and chondroitin sulfate sodium tablets, 
7012 

chondroitin sulfate sodium, and 
methylsulfonyimethane tablets, 7019 
hydrochloride, 7014 

and methylsulfonyimethane tablets, 701 7 
sulfate potassium chloride, 7015 
sulfate sodium chloride, 7016 
tablets, 7014 
Glucose, 2361 
enzymatic test strip, 4413 
IkjukJ, 7 677 

oxtdase-chromogen 15, 2415 
D-Glucuronolactone, 2361 
Glutamic acid, 2361, 7021 
L-Gfutamic acid, 2361 
hydrochloride, 7677 
Glutaminę, 4413 
L-Clutamine, 2361 
Glutaral 

concentrate, 4414 
disinfectant solution, 7678 
Glutathione, 7022 
Glyburide, 4415 

and metformin hydrochloride tablets, 4418 
tablets, 4415 


Glycerln, 2361, 4421 
base TS, 2416 
ophthalmic solution, 4423 
orał solution, 4423 
suppositories, 4423 
Glyceryi 
behenate, 7678 
dibehenate, 7680 
distearate, 7681 
monocaprylate, 7683 
monocaprylocaprate, 7685 
monolinofeate, 7687 
monaoleate, 7688 
monostearate, 7689 
tristearate, 7691 
Glycine, 4424 
irrigation, 4424 
Giycolic acid, 2361 

Glycoprotein and glycan analysis—generał 
considerations (1084), 1259 
Glycopyrrolate, 4424 
Injection, 4427 
tablets, 4428 
Clycyl-L-g łuta minę, 7023 
Glycyi-L-tyrosme, 7024 
Goid 

chloride, 2361 
chloride TS, 2416 
sodium thiomalate, 4429 
sodium thiomalate injection, 4430 
Goldenseal, 7026 
extract, powdered, 7029 
powdered, 7027 
Gonadorelin 
acetale, 4431 
hydrochloride, 4433 
for injection, 4430 
Gonadotropin 
chorionic, 4435 
chorionic, for injection, 4436 
Good distribution practices for bulk 
pharmaceutical exdpłents <1197), 1678 
Good man ufać Lu ring practices for bulk 
pharmaceutical extipients (1078), 1222 
Good packaging practices <1177), 1613 
Good repackaging practices <1178), 1616 
Good storage and distribution practices for 
drug products (1079), 1242 
Goserelin acetate, ^43 7 
Govemment liaisons to expert committees 
and expert panels, xvii 
Craftskin, 3569 
Gramicidin, 4439 

and neomycin and polymyxin B sulfates 
cream, 5320 

and neomycin and polymyxin B sulfates 
and hydrocortisone acetate cream, 5321 
and neomycin and polymyxin B sulfates 
ophthalmic solution, 5320 
and neomycin su fale ointment, 5306 
nystatin, neomycin sulfate, and 
triamcinolone acetonide cream, 5404 
nystatin, neomycin sulfate, and 
triamcinolone acetonide ointment, 5404 
Granisetron hydrochloride, 4439 
injection, 4441 
orał suspension, 4442 
tablets, 4443 
Granules 

Flunixin meglumine, 4237 
Montelukast sodium, orał, 5220 
Grapę seeds oligomeric proanthocyanidins, 
7030 

Gravity, spedfic (841), 768 


Green 

brilliant, 2339, 2368, 2407 
FCF, fast, 2359 
soap, 4444 
soap tincture, 4445 
Green tea 

extract, decaffemated, powdered, 7032 
GriseofuMn, 4445 
capsules, 4446 
orał suspension, 4447 
tablets, 4448 

tablets, ultramicrosize, 4449 
Growth factors and cytokines used in celi 
therapy man ufać turrng (92), 195 
Guaiacoi, 2361 
Guaifenesin, 4450 
capsules, 4451 

and codeine phosphate orał solution, 4453 
and dyphyliine orał solution, 3931 
and dyphyliine tabfets, 3932 
and pseudoephedrine hydrochloride 
capsules, 4454 

pseudoephedrine hydrochloride, and 
dextromethorphan hydrobromide 
capsules, 4455 

and theophylline capsules, 6425 
and theophylline orał solution, 6426 
for injection, 4451 
orał solution, 4452 
tablets, 4452 
Guanabenz acetate, 4456 
tablets, 4457 

Guanethidine monosulfate, 4458 
tablets, 4459 
Guanfacine 
hydrochloride, 4460 
tablets, 4460 

Guanidine hydrochloride, 2362 
Guanidine Isothioeyanate, 2362 
Guanine hydrochloride, 2362 
Guargum, 7693 
Guggul, 7034 
extraci, native, 7035 
CKtract, purified, 7036 
tablets, 7037 

Guide to generał chapters 
charts, 13 

table of contents, 63 
Gutta perć ha, 4462 
Cym nem a, 7038 
extract, native, 7041 
extracl, purified, 7042 
powdered, 7040 


H 

Halazone, 4463 
tablets for solution, 4463 
Halcinonide, 4463 
cream, 4464 
ointment, 4465 
topicaf solution, 4467 
Halobetasol propionate, 4467 
Haloperidoi, 4468 
decanoate, 4471 
injection, 4469 
orał solution, 4470 
tablets, 4470 
Halothane, 4473 
Hawtbom leaf 
with flower, 7044 
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Hawthorn leaf (continued) 
with ffower, powdered, 7046 
Hazardous drugs—handling in Healthcare 
settings (800), 727 
Heavy metals (231), 293 
Heavy metals in reagents, 2326 
Helium, 4473 

oxygen certified standard, 2376 
Hematein, 2362 
Hematoxyfin, 2362 
TS, Delafiekfs, 2414 

Hematoxylin and eosin stalnrng of sectioned 
tissue for microscopk examination 
(1285.1), 1982 
Hemoglobin, bovtne, 2362 
Heparin 

lock flush solution, 4474 
sodium, 4475 
sodium injection, 4480 
Hepatitfs B 

immune globulin, 4480 
1-Heptadecanol, 2362 
Heptafluorobutyric acid, 2362 
H e pta ki s~(2,6- d i- Om e t hy ł)-/jkcyc I o dex tri n, 
2362 

n-Heptane, 2362 
chromatographic, 2347, 2362 
Heptyl p-hydroxybenzoate, 2362 
Hesperidin, 7048 
Hexachlorophene, 4481 
cleansing emulsion, 4482 
I3quid soap, 4482 
Hexadecyl hexadecanoate, 2362 
HexadecyltrimethylammonSum bromide, 

2362 

Hexadimelhrine bromide, 2362 
Hexamethyldisllazane, 2362 
Hexa met hyle n ei m i ne, 2362 
Hexamethylmetetramine J 2362 
n-Hexane, 2362 

Hexane, solvent, 2362, 2378, 2395 
chromatographic, 2347, 2362 
Hexanes, 2362 

Hexamtrodiphenylamtne, 2356, 2362 
Hexanophenone, 2363 
Hexylamine, 2363 
Hexylene glycol, 7695 
HexyI resorcinoI, 4483 
Jozenges, 4484 

High-performance thin-layer chromatography 
procedurę for Identification of artides of 
botanicaJ origin (203), 258 
Histaminę 

dihydrochloride, 2363 
phosphate, 4485 
phosphate injection, 4485 
Hlstidine, 4486 

L*Hlstidine hydrochloride monohydrate, 2363 
Holy basll leaf, 7049 
extract, powdered, 7053 
powdered, 7051 
Homatropine 
hydro brom i de, 4487 

hydrobromide ophthalmic solution, 4488 
methylbromide, 4488 
methyfbromide and hydrocodone 
bilartrate tabletu, 4502 
methylbromide tablets, 4489 
Homosalate, 4490 
Honey, purified, 7695 
Morse chestnut, 6888 
extract, powdered, 6891 
powdered, 6889 

Horseradish peroxEdase conjugated to goat 
anti-mouse IgG, 2363 


Humań plasma (1180), 1618 
Hyaluronidase 
Injection, 4491 
for injection, 4491 
Hydralazine hydrochloride, 4492 
injection, 4494 
orał solutton, 4494 
tablets, 4494 
Hydrami ne 

dihydrochloride, 2363 
hydrate, 85% in water, 2363 
suifate, 2363 
Hydrindantin, 2363 
Hydriodic acid, 2363 
Hydrobromic acid, 2363 
Hydrochloric acid, 2363, 7695 
afcoholic, tent>molar (GJM), 2427 
buffer, 2340 

diluted, 2353, 2363, 7696 

half-normal (0.5 N), 2427 

half-normaJ (0,S N) in methanol, 2426 

injection, 4495 

norma! (1 N), 2426 

0.001 N T5, 2416 

0.01 M TS, 2416 

0.025 N TS, 2416 

0.36 N TS, 2416 

0.05 N TS, 2416 

2 N TS, 2416 

3 N T5, 2416 
6 N TS, 2416 
OJ N VS, 2426 
0.02 N VS, 2426 

Hydrochloride 
Nile blue, 2408 
Hydrochlorothiazide, 4496 
and amlloride hydrochloride tablets, 2717 
amlodipine, velsartan, tablets, 2767 
and bisoprotol fumarate tablets, 3045 
Candesartan clexetil, tablet, 3159 
capsules, 4497 
and captopril tablets, 3176 
and enalapril maleate tablets, 3973 
and fosinopril tablets, 4338 
and irbesartan tablets, 4674 
and lisinopril tnblets, 4867 
and losartan potassium tablets, 4913 
and methyldopa tablets, 5103 
and meto p roi o I ta rtra te tablets, 5144 
and moexiprii hydrochloride and tablets, 
5205 

and pfopranolol hydrochloride tablets, 
5895 

and guinapril tablets, 5942 
and reserpine :ablets, 5992 
and spironolactone orał suspension, 6223 
and spironolactone tablets, 6224 
tablets, 4499 

and telmisartan tablets, 6355 
and timolol maleate tablets, 6482 
and triamterene capsules, 6571 
and triamterene tablets, 6573 
and valsartan tablets, 6651 
Hydrocodone bita rtra te, 4500 
and acetamincphen tablets, 4501 
and homatrop ne methylbromide tablets, 
4502 

tablets, 4500 
Hydrocodone diol, 2363 
Hydrocortisone, 4505 
acetate, 4511 

acetate and chloramphenicol for 
ophthalmic suspension, 3352 
acetate and colistln and neomycin sulfates 
otic suspension, 3558 


acetate cream, 4512 
acetate mjectable suspension, 4514 
acetate lotion, 4513 
acetate, neomycin and polymyxin B 
sulfates, and bacitracin ointment, 5314 
acetate, neomycin and polymyxin B 
sulfates, and badtracln ophthalmic 
ointment, 5314 

acetate, neomycin and polymyxin 0 
sulfates, and bacitracin zinc ophthalmic 
ointment, 5317 

acetate and neomycin and pofymyxin 0 
sulfates cream, 5323 
acetate, neomycin and polymyxm B 
sulfates, and gramidicin cream, 5321 
acetate and neomycin and polymyxin B 
sulfates ophthalmic suspension, 5323 
acetate and neomycin suifate cream, 5308 
acetate and neomycin suifate lotion, 5308 
acetate and neomycin suifate ointment, 
5308 

acetate and neomycin suifate ophthalmic 
suspension, 5308 
acetate ointment, 4513 
acetate ophthalmic ointment, 4513 
acetate ophthalmic suspension, 4514 
acetate and oxytetraeydine hydrochloride 
ophthalmic suspension, 5537 
acetate, penicillin G, neomycin, polymyxin 
B, and hydrocortisone sodium sucdnate 
topical suspension, 5597 
acetate, penicillin G proeaine, and 
neomycin and polymyxin B sulfates 
topical suspension, 5614 
and acetlc acid otic solution, 4510 
and clioguinol cream, 3488 
and dioquinol ointment, 3489 
and neomycin and polymyxin B sulfates 
opiithalmic suspension, 5322 
and neomycin and połymyxin B sulfates 
otic solution, 5321 

and neomycin and polymyxin B sulfates 
otic suspension, 5322 
and neomycin suifate cream, 5307 
and neomycin suifate ointment, 5307 
and neomycin suifate otic suspension, 

5307 

and oxytetratydine hydroditoride 
ointment, 5537 

and polymyxin 8 suifate otic solution, 

5753 

bu ty ratę, 4514 
butyrate cream, 4515 
cream, 4506 
gel, 4507 

hemisuccinate, 4516 
injectable suspension, 4508 
lotion, 4507 

neomycin and polymyxin 8 sulfates and 
bacitracin zinc ointment, 5316 
neomycin and polymyxin B sulfates and 
bacitracin zinc ophthalmic ointment, 
5317 

ointment, 4508 
rectal suspension, 4509 
sodium phosphate, 4517 
sodium phosphate injection, 4518 
sodium sucdnate, 4519 
sodium sucdnate for injection, 4520 
sodium sucdnate, penicillin C, neomycin, 
pofymyxin B, and hydrocortisone acetate 
topical suspension, 5597 
tablets, 4509 
valerate, 4521 
valerate cream, 4521 
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Hydrocortrsone (contlnued) 
valerate ointment, 4522 
Hydroflumethiazide, 4523 
tablets, 4523 
Hydrofluoric acid, 2363 
Hydrogen 

peroxtde, 10 percent, 2363 
peroxjde, 30 percent, 2363 
peroxide, 30 percent, unstabilized, 2363 
peroxide, 50 percent in water, 2363 
peroxide concentrate, 4524 
peraxtde solution, 2363 
peroxtde topical solution, 4525 
peroxide T5, 2416 
suffide, 2363 

sulfide detector tubę, 2363 
sulfide TS, 24 ló 
Hydrogenated lanolin, 7727 
Hydrogenated polydextrose, 7809 
Hydrogenated vegetable orl, 7961 
Hydromorphone hydrochloride, 4525 
injection, 4528 
orał solution, 4528 
tablets, 4530 

Hydroquinone, 2363, 4530 
cream, 4531 
topkal solution, 4531 
Hydroxocobalamfn, 4531 
injection, 4533 
Hydroxy naphthol blue, 2364 

3 r My d roxya ceto ph en one, 2364 
4'-Hydroxyacetophenone, 2364 
Hydfoxyamphetamine hyd robra mide, 4533 

ophthalmic solution, 4534 
Hydroxyanisole, butylated, 7547 
p-Hydroxybenzaic acid, 2364 
4-Hydroxybenzok acid fsopropyi ester, 2364 
2-Hyd roxy benzyl a I co hol, 2364 
4-Hydroxybutane-1 -sulfonie acid, 2364 

4 - Hyd roxy-2-bu ta non e, 2364 
Hydraxychloroqume su I fale, 4534 

tablets, 4535 

Hydroxyethyf celluiose, 7697 
N~(2-Hy d roxy e thy I)plpe razln e-N'- (2- 
ethanesulfonic acid), 2364 
Hydroxylaminę hydrochlorlde, 2364 
TS, 2416 

10/THydroxynorandrostenedione, 2364 

2 '-{4- Hyd roxy p h e ny I )-5 -{4 - methy I-1 - 

pipę raziny l)-2,5bi-1 W- benzim id azo le 
trihydrochloride pentahydrate, 2364 
4-(4 - Hyd roxyph eny l)-2 -bu ta non e, 2364 

3 -Hyd roxypheny 1 dimethylelhyl a m m o n i u m 

Chforide, 2364 

o-a-4 - Hyd ro xy phe ny Ig ly c i ne, 2364 

4 - Hyd roxy-4-ph e ny I p i peri d i n e, 2364 
Hydraxyprogesterone caproate, 4535 

injectron, 4536 
Hyd roxy propyl 
betadex, 7697 
celluiose, 7700 

celluiose, low-substituted, 7701 
celluiose ocular system, 4537 
corn starch, 7908 
pea starch, 7917 
potato starch, 7922 
Hydroxypro pyI -fi- cyc lo d ex tri n, 2364 
Hydroxypropyl celluiose, 2364 
8-Hydroxyquinoline, 2364 
TS, 2416 
Hydroxytoluene 
butylated, 7548 
butylated, reagent, 2341 
Hydroxyurea, 4538 
ca psu! es, 4538 


Hydroxyzine 
hydrochloride, 4539 
hydrochloride injection, 4540 
hydrochiaride orał solution, 4541 
hydrochloride tablets, 4542 
pamoate, 4544 
pamoate ca psuł es, 4545 
pamoate orał suspension, 4546 
Hymetellose, 7702 
Hy oscy aminę, 4546 
hydrobromlde, 4548 
sulfate, 4548 
sulfate elixir, 4550 
sulfate injection, 4550 
sulfate orał solution, 4551 
sulfate tablets, 4551 
tablets, 4547 

Hypophosphorous acid, 7703 
50 percent, 2364 
Hypoxanthine, 2365 
Hypromellose, 4552 
acetate suectnate, 7704 
ophthalmic solution, 4554 
phthalate, 7706 


I 

i 123 

capsules, sodium iodide, 4635 
injection, iobenguane, 4632 
injection, iodohippurate sodium, 4634 
solution, sodium iodide, 4636 
I 125 

albumin injectior, iodlnated, 4636 
injection, iothatamate sodium, 4637 
I 131 

albumin aggregated injection, iodinated, 
4638 

albumin injection, iodinated, 4637 
capsules, sodium iodide, 4640 
injection, iobenguane, 4633 
injection, iodohippurate sodium, 4638 
injection, rosę bengal sodium, 4639 
solution, sodium iodide, 4640 
Ibuprofen, 4555 

and diphenbydramine dtrate tablets, 3799 
diphenhydramine hydrochloride capsules, 
3808 

and pseudoephedrine hydrochloride 
tablets, 4559 
ora! suspension, 4556 
tablets, 4558 
Ibutilide fumarate, 4561 
Ichthammoi, 4562 
ointment, 4563 
Idarabicin hydrochloride, 4563 
injection, 4565 
for injection, 4564 
Identification 

of artlcles of botanika! origin <563), 440 
of artlcles of botanical origin by high- 
performance th n-layer chromatography 
procedurę (1064), 1187 
of fixed oils by thin-layer chromatography 
<202), 257 

organie nitrogenous bases (181), 245 
test, thin-layer chromatographic (201), 256 
tests—generał (191), 245 
tests, spectrophotometric <197), 255 
tetracydines <193), 254 


ldoxuridine, 4566 
ophthalmic ointment, 4566 
ophthalmic solution, 4567 
Ifosfamrde, 4567 
for injection, 4569 
IgC-coated red cells, 2365 
fmidazole, 2365 
Imidurea, 7707 
Iminodiacetfc acid, 2365 
Imipenem, 4569 

and cllastatin for injectable suspension, 
4572 

and cifastatin for injection, 4571 
Imipramine pamoate, 4575 
Imipramine hydrochloride, 4573 
injection, 4574 
tablets, 4574 
Imipramine pamoate 
capsules, 4576 
fmiguimod, 4579 
cream, 4580 

tmimmogenidty assays—design and 
validation of assays to detect anti-drug 
neutralizing antibody (1106.1), 1397 
Immunogenicity assays—design and 
va!idatfon of immunoassays to detect anti- 
drag antibodies (1106), 1382 
Immunologtcal test methods—surface 
plasmon resonance <1105), 1366 
Immunological test methods 
enzyme-linked rmmunosorbent assay 
(£LISA) <1103), 1344 
generał considerations (1102), 1337 
immunoblot analysis (1104), 1355 
Impurities 

ordinary (466), 368 
testing fn medical gases <41 3), 349 
Impurities in drug substances and drug 
products (1086), 1270 
Inamrinone, 4582 
injection, 4583 
Indapamide, 4584 
tablets, 4585 
Indene, 2365 

tndicator and Lest papers, 2408 
Indicators, 2406 
indkator papers, 2408 
reagents, and Solutions, 2323 
test papers, 2408 
Indigo carmine, 2365 
TS, 2416 

Indigotindisulfonate sodium, 4586 
injection, 4586 
lndinavir sulfate, 4587 
Indium In 111 

capromab pendetide injection, 4589 
chloride solution, 4589 
ibritumomab Liuxetan injection, 4591 
oxyqumoline solution, 4591 
pen te ta te injection, 4592 
pentetreotide injection, 4593 
satumomab pendetide injection, 4593 
Indocyarane green, 4594 
for injection, 4595 
Indole, 2365 

!ndole-3-carboxylk acid, 2365 
indomethacin, 4595 
capsules, 4596 

extended-release capsules, 4597 
for injection, 4600 
topical gei, 4600 
ora! suspension, 4602 
sodium, 4603 
suppositories, 4601 
tndophenohacetate TS, 2416 


ndex 
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Inhalant 

amyl nitrite, 281 6 
propylhexedrine, 5899 


Inhalation 

Acetyl cysteinę and isoproterenol 
hydrochloride solution, 2587 
Cromolyn sodium powder, 3588 
Criomolyn sodium solution, 3588 
Dexamethasone sodium phosphate 
aerosol, 3679 
Epinephrine aerosol, 3999 
Epinephrine bitartrate aerosol, 4002 
Epinephrine solution, 4000 
Ergotaminę tartrate aerosol, 4023 
Fluticasone propionate aerosol, 4288 
Fluticasone propionate powder, 4293 
Isoetharine mesyiate aerosol, 4686 
Isoetharine solution, 4685 
Isoproterenol hydrochloride aerosol, 4700 
Isoproterenol hydrochloride and 
phenylephrine bitartrate aerosol, 4702 
Isoproterenol solution, 4699 
isoproterenol sulfate aerosol, 4705 
Isoproterenol sulfate solution, 4706 
Levatbuterol solution, 4801 
Meta pro terenol sulfate aerosol, 5040 
Metaproterenol sulfate solution, 5041 
Racepinephrtne solution, 5963 
Ribavirin for solution, 5998 
Salmeterol powder, 6096 
Sod rum chioride, solution, 6185 
Stenie water for, 6718 
Terbutaline sulfate aerosol, 6375 
Tobramycin solution, 6497 


Inhalation and na sal drug products: aerosol s, 
sprays, and powders—performance quality 
tests <601 >, 472 

Inhalation and nasal drug products generał 
Information and pro duet quality tests (5), 
90 


Injection 

Acepromazine maleate, 2541 
Acetazolamrde for, 2578 
Acyclovrr for, 2592 
Adenosme, 2601 
Alcohol, dehydrated, 2618 
Alcohol in dextrose, 2619 
Alfentanil, 2624 
Alprostadil, 2652 
Aiteplase for, 2655 
Amifostme for, 2710 
Amikacin sulfate, 2714 
Aminocaprolc acid, 2728 
Aminohippurate sodium, 2732 
Ammopenlamide sulfate, 2734 
Aminophylline, 2737 
Amiodarone hydrochloride, 2753 
Amitriptyline hydrodiloride, 2759 
Ammonium chioride, 2775 
Ammonium molybdate, 2778 
Amobarbitaf sodium for, 2779 
Amphotericin B for, 2799 
Ampirillin for, 2807 
Ampidllm and sulbactam for, 281 3 


Anilendine, 2823 
Aprotinin, 2851 
Arginine hydrochloride, 2856 
Articaine hydrochloride and epinephrine, 
2864 

Ascorbic acid, 2866 
Atenolol, 2887 
Atracurium besylate, 2903 
Atropinę sulfate, 2906 
Azaperone, 2912 
Azathioprlne sodium for, 2917 
Azlthro my dn for, 2925 
Aztreonam, 2933 
Aztreonam for, 2934 
Bacitradn for, 2937 
Bacteriostatic sodium chioride, 6183 
Bacteriostatic water for, 6717 
Benztropine mesyiate, 2990 
Benzyl pen id lloyl poły łysinę, 2994 
Betamethasone sodium phosphate, 3009 
Bethanechol chioride, 3019 
Btperiden factate, 3030 
Bleomydn for, 3046 
Bretylium tosylate, 3048 
Bretylium tosylate in dextrose, 3049 
Brompheniramlne maleate, 3059 
8 u metan i de, 3063 
Buph/acaine hydrochloride, 3066 
Bupivacaine hydrochloride in deatrose, 
3067 

Bupwacalne hydrochloride and 
epinephrine, 3068 
Butorphanol tartrate, 3100 
Caffeine citrate, 3107 
Caffeine and sodium benzoate, 3109 
Calcitonin salmon, 3119 
Caldtriol, 3121 
Caldum chioride, 3135 
Calcium gluceptate, 3137 
Caldum gluconate, 3140 
Calcium levulinate, 3146 
Capreomycin for, 3167 
Carbenidllin for, 3186 
Carboplatin for, 3203 
Carboprosi tromethamine, 3206 
Camnustine for, 3217 
Cefamandole nafate for, 3247 
Cefazolin, 3250 

Cefazolin for, 3251 
Cefepime for, 3261 
Cefmenoxime for, 3268 
Cefmetazole, 3270 
Cefmetazole for, 3270 
Cefonicid for, 3271 
Cefoperażone, 3273 
Cefope rażone for, 3273 
Ceforanide for, 3275 
Cefotaxime, 3276 
Cefotaxime fo% 3277 
Cefotetan, 3282 
Cefotetan for, 3283 
Cefotiam for, 3285 
Cefoxitin, 3288 
Cefoxitin for, 3288 
Cefplramide for, 3290 
Ceftazidime, 3301 
Ceftazidime for, 3301 
Ceftizoxime, 3304 
Ceftizoxime for, 3304 
Ceftriaxone, 3305 
Ceftriaxone for, 3305 
Cefuroxime, 3309 
Cefuroxime for, 3309 
Cephalothfn, 3322 
Cephalothin for, 3323 


Cephapirfn for, 3324 
Cephradine for, 3329 
Chloramphemtol, 3349 
Chloramphenicol sodium succinate for, 
3355 

Chloroprocaine hydrochloride, 3375 
Chloroquine hydrochloride, 3376 
Chlorothiazide sodium for, 3383 
Chlorpheniramine maleate, 3387 
Chlorpromazine hydrochloride, 3392 
Chorionte gonadotropin for, 4436 
Chromie chioride, 3406 
Chromium Cr 51 edetate, 3407 
Ornet id i ne, 3421 

Cimetidine in sodium chioride, 3422 
Ciprof1oxacin, 3429 

Osapride compounded, veterinary, 3438 
Cisatracurium besylate, 3442 
Cisplatin for, 3446 
Cladribine, 3459 

Clayulanlc add and ticardllin, 6464 
Clindamycin, 3475 
Clindamycin for, 3476 
Cloprostenol, 3519 
Codeine phosphate, 3547 
Colchidne, 3553 
Colistimethate for, 3557 
Corticotropin, 3 577 
Corticotropin for, 3578 
Corticotropin, repository, 3580 
Cr 51, sodium chromate, 3407 
Cupric chioride, 3593 
Cupric sulfate, 3595 
Cyanocobalamtn, 3597 
Cyclophosphamide for, 3608 
Cyclosporine, 3615 
Cysteinę hydrochloride, 3621 
Cytarabine for, 3623 
Dacarbazine for, 3625 
Dactinomydn for, 3627 
Dantrolene sodium for, 3635 
Daunorubicin hydrochloride for, 3639 
Deferoxam;ne mesyiate for, 3642 
Dehydrated alcohol, 2618 
Deslanoside, 3654 
Desmopressin acetate, 3661 
DesoxycorticGsterone acetale, 3668 
Dexamethasone, 3672 
Dexamethasone sodium phosphate, 3681 
Dextran 40 in dextrose, 3696 
Dextran 40 in sodium chioride, 3697 
Dextran 70 in dextrose, 3700 
Dextran 70 in sodium chioride, 3701 
Dextrose, 3709 

Dextrose and sodium chioride, 3709 
Diatrizoate meglumine, 3711 
Diatrizoate meglumine and diatrizoate 
sodium, 3712 
Diatrizoate sodium, 3715 
Diazepam, 3719 
Diazoxide, 3722 
Dibucame hydrochloride, 3725 
Dicyclomine hydrochloride, 3744 
Diethylstilbestrol, 3756 
Digitoxin, 3764 
Digoxin, 3767 

DihydroergotamSne mesyiate, 3771 
Dihydrostreptomydn, 3773 
Dimenhydrinate, 3788 
Dimercaprol, 3791 
Dinoprost tromethamine, 3795 
Dip hen hydra minę hydrochloride, 3805 
Dipyridamole, 3820 
Dobutamine, 3841 
Dobutarninę for, 3842 
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Dobutarninę in dextrose, 3843 
Docetaxel, 3846 
Dopamine hydrochloride, 3865 
Dopamine hydrochloride and dextrose, 
3866 

Doxapram hydrochloride, 3873 
Doxorubfein hydrochloride, 3884 
DoxorubJdn hydrochloride for, 3885 
Doxycydine for, 3891 
Droperldof, 3912 
Dyphylline, 3929 
Edetate ca lei om di sodium, 3939 
Edetate disodium, 3941 
Edrophonium chloride, 3941 
Eleclrolytes and dextrose type 1, mu kipie, 
3954 

Eleclrolytes and dextrose type 2, multiple, 
3958 

Eleclrolytes and dextrose type 3, multiple, 
3961 

Electrofytes type 1, multiple, 3949 
Eleclrolytes type 2, multiple, 3952 
Elements, tracę, 3964 
Emetine hydrochloride, 3968 
Enalaprilat, 3976 
Enoaaparin sodium, 3982 
Ephedrine sulfate, 3997 
Epinephrine, 4000 
Epirubicm hydrochloride, 4006 
Ergonov1ne mateate, 4020 
Ergotaminę tartrate, 4024 
Erythromydn, 4033 
Erythromydn ethylsuednate, 4043 
Erythromydn lactobionate for, 4047 
Estradiol cypronate, 4076 
Estradiol va!erate, 4077 
Ethacrynate sodium for, 4093 
Ethiodized oil, 4102 
Etomidate, 4119 
Etoposide, 4123 
Famotidine, 4137 
Fenoldopam mesylate, 4160 
Fenianyl dtrate, 4166 
Ferumoxides, 4180 
Fbxuridine for, 4208 
Fluconazole, 4211 
Fluconazole in dextrose, 4214 
Fluconazole in sodium chloride, 4216 
Fludarabine phosphate, 4226 
Fludarabfne phosphate for, 4228 
Fludeoxyglucose FI 8, 4250 
Flumazenil, 4232 
Flunixin meglumine, 4238 
Fluoresceln, 4245 
F 18, sodium fluoride, 4251 
Fluorouradf, 4258 
Ffuphenazine decanoate, 4269 
Fiuphenazine enanthate, 4270 
Fluphenazine hydrochloride, 4272 
Folie arid, 4323 
Fondaparinux sodium, 4327 
Fosphenytoin sodium, 4341 
Fructose, 4343 

Fructose and sodium chloride, 4344 
Furosemide, 4348 
Gadodiamide, 4357 
Gadopentetate dimeglumine, 4359 
GadoteridoJ, 4363 
Gadover$etam i d e, 4366 
Ga Ha minę triethiodide, 4379 
Gallium citrate Ga 67, 4379 
Gan dc lovlr for, 4381 
Gemdtabine for, 4386 
Gentamidn, 4390 


Glucagon for, 4411 

Glycopyrrolate, 4427 

Gold sodium thiomaiate, 4430 

Go na do rei In for, 4430 

Gonadotropin, chorionic for, 4436 

Granisetron hydrochloride, 4441 

Cuaifenesin for, 4451 

Haloperidol, 4459 

Heparin sodium, 4480 

Histaminę phosphate, 4485 

Hyaluronidase, 4491 

Hyaluronidase for, 4491 

Hydralazbe hydrochloride, 4494 

Hydrochforic a c id, 4495 

Hydrocortisone sodium phosphate, 4518 

Hydrocortisone sodium suce i na te for, 4520 

Hydromorphone hydrochloride, 4528 

Hydroxocoba la m in, 45 33 

Hydroxypro ges tero ne caproate, 4536 

Hydroxyztne hydrochloride, 4540 

Hyoscyamine sufate, 4550 

\ 123, iobenguane, 4632 

i 123, iodohippurate sodium, 4634 

I 125, ioth a la matę sodium, 4637 

I 125, albumin, odinated, 4636 

1131, iobenguane, 4633 

M31, iodohippurate sodium, 4638 

I 131, rosę bengal sodium, 4639 

I 131, albumin, iodinated, 4637 

I 131, albumin aggregated, i odinated, 

4638 

Idarubidn hydrochloride, 4565 
Idarubicrn hydrochloride for, 4564 
Ifosfamide for, 4569 
Imipenem ancf dfastatin for, 4571 
Imipramine hydrochloride, 4574 
Inamrjnone, 4583 
Indigotindisulfonate sodium, 4586 
Indium En 111 capromab pendetide, 4589 
Indium In 111 ibritumomab tiuxetan, 4591 
Indium In 111 pentetate, 4592 
Indium In 111 pentetreotide, 4593 
Indium In 111 satumomab pendetide, 

4593 

Indocyanine green for, 4595 
Indomethacin for, 4600 
injection, 3415 
Insulin, 4607 
Insulin aspart, 4610 
Insulin gfargine, 4613 
Insuiin human, 4617 

Humań insulin and human insulin isophane 
suspension, 4617 
Insulin lispro, 4623 
Inulin in sodium chloride, 4629 
Irwert sugar, 6241 
lodipamide meglumine, 4641 
lodixanol, 4645 
lohexof, 4652 
lopamidol, 4654 
lopromide, 4658 
lothalamate meglumine, 4659 
lothaiamate meglumine and iothaiamate 
sodium, 4659 
lothaiamate sodium, 4660 
loversol, 4662 

loxaglate meglumine and ioxaglate 
sodium, 4663 
loxilan, 4666 

Irinotecan hydrochloride, 4678 
fron dextran, 4680 
tron sorbrtex, 4681 
Iron sucrose, 4682 
Isoniazid, 4694 

Isoproterenol hydrochloride, 4701 


lsoxsuprine hydrochloride, 4726 
lvermectin, 4732 
lvermectin and dorsubn, 4736 
Kanamydn, 4742 
Ketamine hydrochloride, 4746 
KetoroJac tromethamine, 4754 
Labetalol hydrochloride, 4759 
Leucovorin cakium, 4797 
Leveti race tam, 4825 
Levocamitme, 4823 
Levorphanol tartrate, 4839 
Ltdocaine hydrochloride, 4848 
Lidocalne hydrochloride and dextrose, 

4852 

Lidocaine hydrochloride and epinephrrne, 

4853 

Lincomycin, 4856 
Lorazepam, 4905 
Magnesium sulfate, 4952 
Magnesium sulfate in dextrose, 4953 
Manganese chloride, 4957 
Manganese sulfate, 4960 
Mannitol, 4962 

Mannitol in sodium chloride, 4963 
Mechlorethamine hydrochloride for, 4974 
Menadiol sodium diphosphate, 5003 
Menadione, 5005 
Meperidine hydrochloride, 5008 
Mepivacaine hydrochloride, 5015 
Meptvacaine hydrochloride and 
levonordefrln, 5016 
Meropenem For, 5026 
Mesoridazine besylate, 5035 
Metaraminol bitartrate, 5043 
Methadone hydrochloride, 5061 
Methocarbamol, 5078 
Methohexital sodium for, 5081 
Methotrexate, 5084 
Methotrexate for, 5085 
Methotrimeprazine, 5087 
Methyfdopate hydrochloride, 5104 
Met hyI e n e b 1 ue, 5107 
Methylene blue, veterinary, 5107 
Methylergonovine maleate, 5109 
Methylprednisolone sodium succinate for, 

5123 

Metoclopramide, 5129 
Metoprobl tartrate, 5141 
Metronidazole, 5152 
Mezlocillin for, 5161 
Mi eona zole, 5163 
Midazolam, 5168 
Minocydine for, 5174 
Mitomydn for, 5195 
Mitoxantrone, 5197 
Morphine sulfate, 5234 
Morrhuate sodium, 5236 
Mycophenolate mofetil for, 5250 
N 13, ammonia, 5369 
Nafdllin, 5265 
Nafciliin for, 5266 
Nalorphine hydrochloride, 5273 
Nafoxone hydrochloride, 5274 
Nandrolone decanoate, 5278 
Nandrolone phenpropionate, 5279 
Neomycin for, 5300 
Neosligmine methylsulfate, 5328 
Netilmicin sulfate, 5329 
Niacin, 5335 
Niadnamide, 5340 
Nieardtpine hydrochbride, 5342 
Nitroglycerin, 5371 
Norepinephrine bitartrate, 5381 
Ondansetron, 5443 
Orphenadrine dtrate, 5459 
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Injection (continued) 

Oxacillin, 5471 
Oxadllin for, 5472 
Oxaliplatin, 5477 
Oxaliplatin for, 5479 
Oxymorphone hydrochloride, 5527 
Oxytetracytline, 5532 
OxyLeLracydine for, 5536 
Oxyiocin, 5541 
Paditaxd, 5544 

Pamidronate disodium for, 5552 
Pancuronium bromide, 5560 
Papaverine hydrochloride, 5571 
Parka lei Łoi, 5575 

Partkuldte matter m injections <788), 665 
Pemetrexed # 5590 
Penidllln G potassium, 5603 
Penidllln G potassium for, 5604 
Penicillln G sodium for, 5616 
Pentazocine, 5630 
Pentobarbital sodium, 5634 
Perphenazine, 5650 
Phenobarbital sodium, 5666 
Phentolamine mesylate For, 5675 
Phenylbuiazone, 5678 
Phenylephrine hydrochloride, 5683 
Phenytoin sodium, 5697 
Physostigmlne salicylate, 5700 
Phytonadione injectabJe emulsion, 5702 
Piperadllin for, 5727 
Piperacilltn and tazobactam for, 5728 
Polymyxin B for, 5752 
Potassium acetate, 5757 
Potassium chloride concentrate for, 5764 
Potassium chloride in dexirose, 5766 
Potassium chloride in dextrose and sodium 
chloride, 5767 

Potassium chloride in lactated Ringer's and 
dextrose, 5769 

Potassium chloride in sodium chloride, 
5772 

Potassium phosphates, 5788 
Pralidoxime chloride for, 5795 
Prednisolone sodium phosphate, 5819 
Prednisolone sodium suednate for, 5820 
Prilocaine and epinephrine, 5828 
Prilocaine hydrochloride, 5827 
Procainamide hydrochloride, 5840 
Procaine hydrochloride, 5843 
Procaine hydrochloride and epinephrine, 
5843 

Procaine and tetracaine hydrochlorides and 
levonordefrin, 5844 
Prochiorperazine edisylate, 5848 
Progesterone, 5854 
Promazine hydrochloride, 5861 
Promethazine hydrochloride, 5864 
Propofol injectable emulsion, 5887 
Propoxycaine and procaine hydrochlorides 
and levonordefrin, 5889 
Propoxycasne and procaine hydrochlorides 
and norepinephrine bitartrate, 5890 
Propranolol hydrochloride, 5894 
Protaminę sulfate, 5903 
Pyridostigmine bromide, 5922 
PyridoxIne hydrochloride, 5925 
Quinidine gluconate, 5947 
Ranitldine, 5975 

Ranitidine In sodium chloride, 5978 

Repository cortkotropin, 3580 

Reserpine, 5987 

RibofIavin, 6002 

Rifampin for, 6009 

Ringer'5, 6019 

Ringeris and dextrose, 6021 


Ringeris and dextrose, haif-strength 
lactated, 6028 

Ringeris and dextrose, lactated, 6025 
Ringer'5 and dextrose, modified, lactated, 
6030 

Ringeris, lactated, 6023 

Ritodrine hydrochloride, 6043 

Ropivacaine hydrochloride, 6078 

Rosę bengal sodium 1131, 4639 

Rubidium chloride Rb 82, 6082 

Sargramostim for, 6110 

Scopolamine hydrobromide, 6128 

Secobarbital sodium, 61 32 

Secobarbital sodium for, 6132 

Seienious acid, 6139 

Sisomicin sulfate, 6169 

Sm 153 Eexidronam, samarium, 6106 

Sodium acetale, 6173 

Sodium bicarbonate, 6178 

Sodium bromide, veterinary, 6179 

Sodium chloride, 6183 

Sodium chloride, bacteriostalic, 6183 

Sodium chroma te Cr 51, 3407 

Sodium I acta te, 6194 

Sodium nitrite, 6196 

Sodium nitroprusside for, 6197 

Sodium phosphates, 6202 

Sodium sulfate, 6208 

Sodium throsuifate, 6210 

Somatropin for, 6212 

Strontium chloride Sr 89, 6235 

5 trep tomy dn, 6234 

S trep to myci n for, 6234 

Suceinylcholinę chloride, 6237 

Sufentanil ci tratę, 6241 

Sugar, invert, 6241 

Sulfadiazine sodium, 6259 

Sulfamethoxazole and trimethoprim, 6269 

Sumatriptan, 6288 

Technetiurn Tc 99m albumin, 6331 

TeehneLEum Tc 99m albumin aggregated, 

_ 6332 

Technetiurn Tc 99m albumin colloid, 6333 
Technetiurn Tc 99m apcitide, 6335 
Technetiurn Tc 99m arertumomab, 6335 
Technetiurn Tc 99m bicisate, 6336 
Technetiurn Tc 99m depreotide, 6337 
Technetiurn Tc 99m dlsofenin, 6337 
Technetiurn Tc 99m etldronate, 6338 
Technetiurn Tc 99m exametazime, 6338 
Technetiurn Tc 99m fanolesomab, 6339 
Technetiurn Tc 99m gluceptate, 6340 
Technetiurn Tc 99m lidofenin, 6341 
Technetiurn Tc 99m mebrofenin, 6342 
Technetiurn Tc 99m medronate, 6343 
Technetiurn Tc 99m mertiatide, 6344 
Technetiurn Tc 99m nofetumomab 
merpentan, 6345 

Technetiurn Tc 99m oxiseonate, 6345 
Technetiurn Tc 99m pentetate, 6345 
Technetiurn Tc 99m pertechnetate, 
sodium, 6346 

Technetiurn Tc 99m pyrophosphate, 6348 
Technetiurn Tc 99 m (pyro- and tri meta-) 
phosphates, 6348 

Technetiurn Tc 99m red bfood cells, 6349 
Technetiurn Tc 99m sestamibi, 6349 
Technetiurn Tc 99m succlmer, 6350 
Technetiurn Tc 99m sulfur colloid, 6351 
Technetiurn Tc 99m tetrofosmin, 6352 
Teniposide, 6363 
Terbu ta linę sulfate, 6376 
Testosterone cyplonate, 6388 
Testosterone enanthate, 6389 
Testosterone propionate, 6390 
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Tetracaine hydrochloride, 6394 

Tetracaine hydrochloride for, 6395 

Tetracaine hydrochloride in dextrose, 6397 

Tetracycline hydrochloride for, 6404 

Thallous chloride Tl 201, 6415 

Theophylline in dextrose, 6423 

Thiamine hydrochloride, 6431 

Thiopental sodium for, 6445 

Th i o tępa for, 6450 

Thiothixene hydrochloride, 6453 

Thiothixene hydrochloride for, 6454 

Ticarcillin and clavulanlc acid, 6464 

Ticarcillin and davulanic acid for, 6465 

Ticardllin for, 6463 

Tigecycline for, 6473 

Tiletamine and zolazepam for, 6475 

Tllmicosin, 6478 

Tobramycin, 6493 

Tobramycin for, 6494 

Tolazoline hydrochloride, 6509 

Tolbutamide for, 6511 

Trifluoperazine hydrochloride, 6585 

Triflupromazine hydrochloride, 6588 

Trimethobenzamide hydrochloride, 6596 

Tripelennamine hydrochloride, 6602 

Tromethamlne for, 6610 

Tubocurarine chloride, 6619 

Tyl osin, 6621 

Urea for, 6628 

Vafproate sodium, 6643 

Vancomycin, 6655 

Vancomycin hydrochloride for, 6658 

Vasopressin, 6662 

Verapamil hydrochloride, 6676 

Verteporfin for, 6684 

Yinblastine sulfate for, 6691 

Vincristine sulfate, 6694 

Vincristine sulfate for, 6695 

Vinorelbine, 6698 

Warfarin sodium for, 6714 

Water for, bacterfostatlc, 6717 

Waler for, sterile, 6718 

Waler for, 6717 

Xenon Xe 133, 6722 

Xylazine, 6725 

Yohimbine, 6729 

Yttrium Y 90 Ebritumomab tiuxetan, 6730 
ZrdoYudine, 6740 
Zinc chloride, 6749 
Zinc sulfate, 6756 

Zolazepam and tiletamine for injection, 
6475 


Injeclions and Implanted drug products 
(parenterals)—product quality tests (1), 67 
Inosine, 2365 
Inositol, 2365, 7708 
Insoluble matter in reagents, 2326 
Insulin, 4605 
aspart, 4608 
assays (121), 205 
glargine, 4611 
glargine injection, 4613 
human, 4615 
human injection, 4617 
human isophane suspension and human 
insulin Injection, 461 7 
human suspension, isophane, 4620 
injection, 4607 
lispro, 4621 
lispro injection, 4623 
suspension, isophane, 4619 
zinc suspension, 4624 
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Insulin (coniinued) 
zint suspension, extended, 4625 
zine suspeoston, prompt, 4627 
insulin aspart 
injection, 4610 

Intestinal fluid, simulated, TS, 2416, 2420 
Intramammary infuslon 
amoxiriNin, 2787 
CloxacilRn benzathine, 3531 
Intraulerine contraceptive system 
progesterone, 5854 
fnlrinsic vi$cosity table, 2525 
fnulin, 4628 

in sodium chloride injection, 4629 
lnvert sugar, 7710 
In vitro 

and in vivo evaluation of dosage forms 
{1088), 1277 

biologlcal reactlvtty tests <87), 169 
In vivo 

biolog i cal reactivity tests (88), 172 
and in vitro evaluation of dosage forms 
(1088), 1 277 
Iobenguane 
1123 injection, 4632 
U 31 injection, 4633 
s uff a te, 2365 
lodic acid, 2365 
lodinated 

I 125 albumin injection, 4636 
I 131 albumin aggregated injection, 4638 
I 131 albumin injection, 4637 
lodine, 2365, 4630 
dlluted TS, 2416 

hundredth-normal (0,01 N), 2427 
I 123 capsules, sodium iodide, 4635 
I 123 injection, iobenguane, 4632 
I 123 injection, Eodohlppurate sodium, 
4634 

1123 solution, sodium iodide, 4636 
I 125 albumin injection, iodinated, 4636 
I 125 injection, iothalamate sodium, 4637 
1131 albumin aggregated injection, 
iodinated, 4638 

I 131 albumin injection, iodinated, 4637 
i 131 capsules, sodium iodide, 4640 
1 131 injection, iobenguane, 4633 
I 131 injection, iodoh i ppu ratę sodium, 
4638 

I 131 injection, rosę bengal sodium, 4639 

I 131 solutlon, sodium iodide, 4640 

monobromide, 2365 

monochloride, 2365 

monochloride TS, 2416 

and potassfum iodide TS T, 2416 

and potasslum iodide TS 2, 2416 

and potassium iodide TS 3, 2416 

solution, strong, 4631 

topical solution, 4630 

tenth-normal (0.1 N), 2416, 2427 

tlncture, 4631 

tincture, strong, 4632 

TS, 2416 

twentietb-normal (0,05 N), 2427 
lodlpamide, 4641 
meglumine injection, 4641 
lodixanol, 4642 
injection, 4645 
lodobromide TS, 2416 
lodochloride TS, 2416 
lodoethane, 2365 
fodoform, 4648 
Iodoh i ppu ratę sodium 
I 123 injection, 4634 
I 1 31 injection, 4638 


lodometric assay—antibiotics (425), 353 
p4odonitrotetrazolium violet, 2365 
lodoplatinate TS, 2416 
lodoquinol, 4648 
Lablets, 4649 
lohexol, 4649 
injection, 4652 

ton chromatography (1065), 1197 
lon-exchange resin, 2365 
lopamidot, 4653 
injection, 4654 
lopromide, 4655 
injection, 4658 
Iothalamate 

meglumine injection, 4659 
meglumine and iothalamate sodium 
injection, 4659 
sodium I 125 injection, 4637 
sodium injection, 4660 
sodium and iothalamate meglumine 
injection, 4659 
lothalamie acid, 4661 
loversol, 4662 
Injection, 4662 
ioxagiate 

meglumine and ioxaglate sodium injection, 
4663 

sodium and ioxaglate meglumine injection, 
4663 

loxaglic acid, 4664 
loKilan, 4665 
injection, 4666 
[pecac, 4667 
powdered, 4668 
orał solution, 4669 
Ipratropium brom id e, 4670 
Irbesartan, 4671 

and hydrochlorothiazide lablets, 4674 
tablets, 4673 

Irinotecan hydrochloride, 4676 
injection, 4678 
Iron 

carbonyl, 4679 
dextran injection, 4680 
phenol TS, 2416 
powder, 2365 
salicylate TS, 2417 
sorbitex injection, 4681 
sucrose injection, 4682 
wire, 2365 
Iron (241), 301 
fsoamyl 
alcohol, 2365 
Isobutane, 771 3 
Iso butyl 
acetate, 2365 
alcohol, 2329, 2366, 771 3 
4-1 sob u ty lace tophenone, 2366 
W-1 sobu tyI pi pe ridone, 2366 
Isoetharine 
hydrochloride, 4684 
inhalation solution, 4685 
mesylate, 4685 

mesylate inhalation aerosol, 4686 
Isoflupredone acetate, 2366, 4687 
injectabie suspension, 4688 
neomycin sulfate and tetracarne 
hydrochloride ointment, 5309 
neomycin sulfate and tetracaine 
hydrochloride topical powder, 5310 
Isoflurane, 4688 
fsoleucine, 4690 
L-lsoleucine, 2366 
Isomalt, 7715 
Isomaltotriose, 2366 


Isometheptene mucate, 4691 
dichloralphenazone, and acetaminophen 
capsules, 4692 
2-lsoniazid, 2366, 4693 
injection, 4694 
and rifampin capsules, 6010 
rifampin, pyrazinamide, and ethambutol 
hydrochloride tablets, 6013 
rifampin and pyrazinamide tablets, 60T 2 
ora! solution, 4694 
tablets, 4695 
Isonieotinamide, 2366 
Isonicotinic acid, 2366 
hydrazide, 2366 
fsooctane, 2366 
tsopropamide iodide, 4696 
tablets, 4696 
IsGpropyi 
acetate, 2366 

alcohol, 2329, 236Ó, 2383, 4697 
alcohol, azeotropic, 4698 
alcohol, dehydrated, 2329, 2366 
alcohol, rubbing, 4699 
ether, 2366 
iodide, 2366 
myristate, 2366, 7717 
palmitate, 7717 
salicylate, 2366 
Isopropy laminę, 2366 
Isoproterenol 
hydrochloride, 4699 

hydrochloride and acetylcysteme inhalation 
solution, 2587 

hydrochloride inhalation aerosol, 4700 
hydrochloride injection, 4701 
hydrochloride and phenylephrine bitartrate 
inhalation aerosol, 4702 
hydrochloride tablets, 4702 
inhalation solution, 4699 
sulfate, 4704 

sulfate inhalation aerosol, 4705 
sulfate inhalation solution, 4706 
tsorhamnetin, 2366 
fsosorbide 
concentrate, 4706 

dinitrate extended-release capsules, 4708 
dinitrate chewable tablets, 4710 
dinitrate, diluted, 4708 
dinitrate sublinguat tablets, 4712 
dinitrate extended-release tablets, 4710 
mononitrate, diluled, 4712 
mononitrate tablets, 4714 
mononitrate extended-release tablets, 

4715 

orał solution, 4707 
IsotretinoEn, 4720 
capsules, 4721 
lsovaleric acid, 2366 
lsoxsuprine hydrochloride, 4725 
injection, 4726 
tablets, 4726 
Isradipine, 4727 
capsules, 4728 
ora! suspension, 4728 
Itraconazde, 4729 
lvermectin, 4730 
and dorsulon injection, 4736 
injection, 4732 
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lvermectin (continued) 
pastę, 4733 

and pyrantel pannoate tablets, 4737 
topical solution, 4736 
tablets, 4734 
laabep tlone, 4739 


5 

Japanese honeysuckle flower, 7055 
dry extract, 7058 
powder, 7060 
[iiniper tar, 4741 


K 

Kaempferoi, 2366 
K a na myci n 
injection, 4742 
sulfate, 4742 
sulfate capsules, 4744 
Kaolin, 4745 
Kerosene, 2366 
Ketamine hydrochloride, 4745 
injection, 4746 
Ketotonazole, 4747 
orał suspension, 4748 
tablets, 4748 
Ketoprofen, 4749 
capsules, 4750 

extended-retea$e capsules, 4751 
Ketorolac tro met ha minę, 4753 
injection, 4754 
tablets, 4756 
Kr film 
krypton, 4757 
Krill od 

capsules, 7066 

delayed-release capsules, 7069 
Krypton Kr 81 m, 4757 


L 

L designations, 2366 
La be ling (7), 98 

Labellng of inactive ingredients (1091), 1296 
Labetalol hydrochloride, 4758 
injection, 4759 
orał suspension, 4759 
tablets, 4760 
alpha-Lactalbumin, 7718 
Lactase, 4761 
Lactic add, 4761 
LacLitol, 7722 
Lactobionic add, 7723 
Lactose, 2367 
anhydrous, 7724 
beta, 2367 
monohydrate, 7726 
monohydrate, alpha, 2367 
Lactulose 

concentrate, 4762 
solution, 4763 


Lamiyudine, 4764 
orał solution, 4766 
tablets, 4767 

and a baca vi r tablets, 2529 
and zidovudine tablets, 4769 
Lamotrigine, 4771 
tablets, 4772 
Lamotrigine 

extended-release tablets, 4774 
tablets for ora! suspension, 4776 
Lamotrigine compounded 
o rai suspension, 4778 
Lanolin, 4779 
alcohols, 7727 
modified, 4781 
Lansoprazoie, 4784 
delayed-release capsutes, 4786 
Lansoprazoie ccmpounded 
orał suspension, 4787 
Lanthanum 

alizann compfexan mixture, 2367 
chtoride, 2367 
nitrate hexahydrate, 2367 
nitrate T5, 2417 
oxfde, 2367 
Latanoprost, 4788 
Lauric atid, 7728 
Lauroyl pofyoxylglyceride5, 7729 
Laury! dimethyl aminę oxide, 2367 
Lead 

acetate, 2367 
acetate paper, 2367 
acetate test paper, 2408 
acetate TS, 2417 
acetate TS, akoholic, 2417 
monoxide, 2367 
nitrate, 2367 

nitrate, hund^edth-molar (0.01 M), 2428 
nitrate stock solution T5, 2417 
perć hi ora te, 2367 

perchlorate, hundredth-molar (0.01 M), 
2428 

perchlorate, tenth-molar (0.1 M), 2428 
solution, standard, 2421 
subacetate T5, 2417 
subacetate TS, diluted, 2415, 2417 
tetra acetate, 2367 
Lead (251), 302 
Leak ratę (604), 500 
Lecithin, 7730 
Leflunomide, 4789 
tablets, 4791 
Lemon 
oit, 7732 
tincture, 7733 
Letrozole, 4792 
tablets, 4793 
Leucine, 4795 
Leucovorin caldum, 4796 
injection, 4797 
tablets, 4798 
Leuprolide acetate, 4799 
Levalbuterol 

inhalation solution, 4801 
Levalbutenol hydrochloride, 4803 
Levamisole hydrochloride, 4805 
tablets, 4805 
Levetiracetam, 4806 
extended-release tablets, 4812 
injection, 4808 
orał solution, 4809 
tablets, 4811 

Levm et amfetaminę, 4818 
Levobunolol hydrochloride, 4819 
ophthalmic solution, 4820 
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Levocabastine hydrochloride, 4820 
levocarnitine, 4821 
injection, 4823 
orał solution, 4823 
tablets, 4824 

Le vocet irizin e di hyd rochl o ride 
tablets, 4826 
Levodopa, 4828 
capsules, 4829 
Levodopa 

and ta rb idopa extended-release tablets, 
3190 

and ca rbidopa orally disintegrating tablets, 
3196 

and carbidopa tablets, 3189 
tablets, 4830 
LevoFloxadn, 4831 
orał solution, 4833 
tablets, 4834 
Levonordefnn, 4836 

and mepivacaine hydrochloride injection, 
5016 

and proca i ne and tetracalne hydrochlorides 
injection, 5844 

and propoxycaine and procaine 
hydrochlorides injection, 5889 
Levonorgestrel, 4837 
and ethinyl estradiol tablets, 4837 
LevorphanoJ tartrate, 4838 
injection, 4839 
tablets, 4839 

Levothyroxine sodium, 4840 
orał powder, 4842 
tablets, 4843 
Llcorice, 7072 
extract, powdered, 7074 
!luidextract, 7733 
powdered, 7073 
Lidotaine, 4845 
topical aerosol, 4845 
hydrochloride, 4847 

hydrochloride and dextrose injection, 4852 
hydrochloride and epinephrine injection, 
4853 

hydrochloride injection, 4848 
hydrochloride jelly, 4849 
hydrochloride orał topical solution, 4849 
hydrochloride topical solution, 4851 
neomydn and polymyxtn 8 sulfates and 
bacitracin ointment, 5315 
neomycin and polymyxin B sulfates and 
bacitracin zinc ointment, 5318 
and neomycin and potymyxin B sulfates 
cream, 5323 
ointment, 4846 
and prilocaine cream, 4854 
orał topical solution, 4847 
Lighl dlffraction measurement of particie słze 
(429), 354 
Ume, 4855 
Limes tonę 
ground, 7075 
(fiJ-W-Limonene, 2367 
Unalool, 2368 
Li neomydn 
hydrochloride, 4856 
hydrochloride capsules, 4857 
hydrochloride solubię powder, 4858 
injection, 4856 
orał solution, 4856 
Lindane, 4858 
cream, 4859 
lotion, 4859 
shampoo, 4859 
Linoleic add, 2368 
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Ltnoleoyl polyoxylglycerides, 7734 
Uothyronine sodium, 4860 
tablets, 4861 
Liotri* tablets, 4862 
Lipid injectable emulsion, 4863 
Upoić acid 
alpha, 7076 
capsules, alpha, 70 77 
tablets, ałpha, 7078 
a-Li poić acid, 2368 
Uquid petrolatum, 2368 
Liquid-phase sterilization (1 229.6), 1834 
Lisinopril, 4864 

and hydrochlorothiazide tablets, 4867 
orał suspension, 4865 
tablets, 4866 
Uthium, 2368 
carbonate, 4870 
carbonate capsules, 4871 
carbonate tablets, 4872 
carbonate extended-release tablets, 4873 
chloride, 2368 
citrate, 4874 
hydroxide, 2368, 4875 
metaborate, 2368 

methoxide, fiftieth-normal {0.02 N) in 
methanol, 2428 

methoxide, tenth-normal (0.1 N) in 
chlorobenzene, 2428 
methoxlde, tenth-normal (0.1 N) in 
methanol, 2429 

methoxide, tenth-normal (OJ N) in 
toluene, 2429 
nitra te, 2368 
perchlorate, 2368 
ora! solution, 4870 
sulfate, 2368 
Lithochollc acid, 2368 
Lltmus, 2368, 2407 
paper, blue, 2409 
paper, red, 2409 
TS, 2417 
Locke-Ringer's 
solution, 2417 
15, 2417 

Locust bean gum, 2368 
LomustJne, 4876 
capsules, 4878 

Lope ram i de hydrochloride, 4880 
capsules, 4880 
orał solution, 4881 
tablets, 4882 
Lopinavtr, 4883 
Lopinavir 

and ritonavir orał solution, 4886 
and rltonavir tablets, 4890 
Loracarbef, 4893 
capsules, 4894 
for ora! suspension, 4895 
Loratadine, 4896 
che wabię tablets, 4900 
orał solution, 4897 
tablets, 4899 

o rally dismtegrating tablets, 4901 
Lorazepam, 4904 
injection, 4905 
orał eon centrale, 4907 
tablets, 4908 
Losartan potassium, 4910 
and hydrochlorothiazide tablets, 491 3 
tablets, 4911 

Loss on drying {731), 614 
Loss on drying for reagents, 2326 


Loss on ignition (733), 615 


Lotion 

Amphoteridn 8, 2799 

Benzoyl peroxide, 2989 

Benzyl benzoate, 2992 

Betamethasonę dipropionate, 3006 

Betamethasone valerate, 3013 

Clotrimazole, 3525 

FiurandrenoJide, 4276 

Hydrocortisone, 4507 

Hydro co rttsone acetate, 4513 

Llndane, 4859 

Malathion, 4955 

Methylbenzethonium chloride, 5096 
Neomydn sulfate and flurandrenolide, 
5306 

Neomycin sulfate and hydrocortisone 
acetate, 5308 
Nystatin, 5402 
Padimate O, 5546 
Triamcinolone acetonide, 6560 


lovastatin, 491 7 
tablets, 4919 

Low moletular weight heparin molecular 
weight determinations <209), 270 
Loxapine 
capsules, 4921 
succinate, 4920 
Lufenuron, 4921 
Lumefantrine, 4923 
Luteln, 7078 
capsules, 7079 
preparation, 7080 
Lycopene, 7081 
preparation, 7083 
Lomato extract ccntaining, 7084 
Łysinę 

acetate, 4924 
hydrochloride, 4925 
hydro chloride tablets, 7087 
t-Lysine, 2368 


M 


Mafenide acetate, 4927 
crearn, 4928 
for topical solution, 4928 
Magaldrate, 4930 

and simethicone chewable tablets, 4933 
and simethicone orał suspension, 4932 
orał suspension, 4931 
tablets, 4931 
Magnes ta 

alumina and calcium carbonate chewable 
tablets, 2663 

alumina, ca lei u m carbonate, and 
simethicone chewable tablets, 2664 
alumina and calcium carbonate orał 
suspension, 2662 

alumina and simethicone chewable tablets, 
2668 

alumina and simethicone orał suspension, 
2666 

and alumina orał suspension, 2660 


and alumina tablets, 2661 
aspirin and alumina tablets, 2877 
aspirin, coderne phosphate, and alumina 
tablets, 2883 

caldum carbonate and simethicone 
chewable tablets, 3131 
and calcium carbonate chewable tablets, 
3131 

milk of, 4934 
mixture TS, 2417 
tablets, 4934 
Magnesium, 2368 
acetate, 2368 
aluminometasilicate, 7735 
aluminosilicate, 7736 
aiuminum silicate, 77 38 
and calcium carbonates orał suspension, 
3133 

and calcium carbonates tablets, 3134 
carbonate, 4935 

carbonate and citric acid for orał solution, 
4936 

carbonate, citric acid, and potassium 
citrate for orał solution, 4937 
carbonate and sodium bicarbonate for ora! 
suspension, 4937 

carbonate, alumina, and magnesium oxide 
tablets, 2671 

carbonate and alumina orał suspension, 
2669 

carbonate and alumina tablets, 2670 
chloride, 2368, 4938 
chloride, 0.01 M, 2429 
citrate, 4939 

citrate orał solution, 4940 
citrate for orał solution, 4941 
gluconate, 4942 
gluconate tablets, 4943 
hydroxide, 4943 
hydroaide pastę, 4944 
nitra te, 2368 
oxide, 2368, 4945 

oxide, alumina, and magnesium carbonate 
tablets, 2671 

oxide, aspirin, and alumina tablets, 2878 
oxide capsules, 4946 
oxlde, chromaiographic, 2347, 2368 
oxide, citric add, and sodium carbonate 
imgation, 3458 
oxide tablets, 4947 
perchJorate, anhydrous, 2333, 2368 
phosphate, 4947 
saltcylate, 4949 
salicylate tablets, 4950 
silicate, 7740 

silicate, activated, 2329, 2368 
silicate, chroma to graphic, 2368 
stearate, 7741 
sulfate, 2368, 4951 
sulfate, anhydrous, 2333, 2368 
sulfate in dextrose injection, 4953 
sulfate injection, 4952 
sulfate TS, 2417 
trisiiicate, 4953 

trisiiicate and alumina ora! suspension, 

2672 

trisiiicate and alumina tablets, 2673 
trisiiicate tablets, 4954 
Malabar-nut-tree, leaf, 7087 
powdered, 7089 
extract f powdered, 7090 
Malachite green 
C, 2368 
Oxalate, 2408 
TS, 2417 
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Malathion, 4955 
lotion, 4955 

Malelc add, 2368, 7744 
Maile add, 7745 
Mallor/s stain, 2417 
Malonk add, 2368 
Maftitoi, 7746 
solution, 7747 
MaltodexŁrin, 7748 
Maltol, 7751 
Maltose, 7751 
MaltoLriose, 2368 
Mandelic add, 7752 
Manganese, 2368 
chloride, 4956 
chloride injection, 4957 
chloride for orał solution, 4958 
di o* 1 de, 2369 

dioxide, actlvated, 2369, 2369 
gluconate, 4958 
sulfate, 4960 
sulfate injection, 4960 
Mannitol, 4960 
injectton, 4962 

in sodium chloride injection, 4963 
D-Mannitol, 2369 

Manufacturing practices for dietary 
supplements (2750), 2303 
Maprotiline hydrochloride, 4963 
tablets, 4964 

Marbofloxadn compounded, veterinary 
orai suspension, 4965 
Maritime pine, 7091 
extract, 7092 

Mass spectrometry (736), 620 
Mayera reagent, 2417 
Mazindol, 4966 
tablets, 4967 

Measurement of subtfisible partie ula te ma Eter 
In therapeutic protein mjeetfons (1787), 
2149 

Mebendazole, 4968 
orał suspension, 4969 
tablets, 4970 
Mebrofenin, 4971 

Mecamylamine hydrochloride, 4972 
tablets, 4973 

Mechlorethaminę hydrochloride, 4974 
for injection, 4974 
Meclizme hydrochloride, 4975 
tablets, 4976 

Meclocycline sulfosalEcyiate, 4978 
cream, 4978 

Meclofenamate sodium, 4979 
capsufes, 4980 
Medical air, 2602 

Medical devices—bacterial endotoxin and 
pyrogen tests (161), 236 
Medicaf gases assay (415), 349 
Medium-chain trigykerides, 2369, 7957 
Medroxyprogesterone acetale, 4980 
injectable suspension, 4981 
tablets, 4982 
Mefenamic acid, 4983 
capsules, 4984 

Mefloquine hydrochloride, 4984 
tablets, 4985 
Megestrol acetate, 4987 
orał suspension, 4987 
tablets, 4989 
Meglumtne, 4990 
Melamine, 2369 
Melatonin, 7094 
tablets, 7095 

Melengestrol acetate, 4990 


Meloxicam, 4951 
orał suspension, 4994 
tablets, 4995 
Melphalan, 4997 
tablets, 4997 

Melting rangę or temperaturę (741), 625 
Memantine hydrochloride, 4998 
tablets, 5000 

Members of the United States Pharmacopeial 
Convention, xix 

Menadiol sodium diphosphate, 5003 
injection, 5003 
tablets, 5004 
Menadione, 5005 
injection, 50G5 
Men aq ucn one-7, 7096 
capsules, 7097 

extract, Bacitlus subtilis subsp. suhtiiis, 7101 
preparation, 7098 
tablets, 7100 
Menthol, 5006 

and benzocaine topical aerosol, 2981 
lozenges, 5007 

and tetracaine ointment, 6392 
Meperidine hydrochloride, 5007 
injection, 5008 
orał solution, 5009 
tablets, 5009 
Mephenytoin, 5010 
tablets, 5011 
Mephobarbital, 5012 
tablets, 5013 

Mepivacaine hydrochloride, 5013 
injection, 5015 

and levonordefrin injection, 5016 
Meprednisone, 5017 
Mepmbamate, 5017 
orał suspension, 5018 
tablets, 5019 
Meradimate, 5020 
2-Mercaptoethanol, 2369 
Mercaptopurine, 5020 
tablets, 5022 
Mercuric 
acetate, 2369 
acetate TS, 2417 
ammonium Lhiocyanate TS, 241 7 
brom i de, 2369 
bromide test paper, 2409 
bromide TS, alcoholic, 2412, 2417 
chloride, 2369 
chloride T5, 2417 
iodide, red, 2369 
iodide, TS, 2417 
nitrate, 2369 

nitrate, tenth-molar (0.1 M), 2429 
nitrate TS, 2417 
oxide, yellow, 2369, 2406 
potassium iodide TS, 2417 
potassium iodide TS, alkaline, 2412, 241 7, 
2418 

sulfate, 2369 
sulfate TS, 2414, 2417 
thiocyanale, 2369 
Mercu mus nitrate 
dihydrate, 2369 
TS, 2418 
Mencury, 2369 
ammonlated, 5023 
Mercury (261), 303 
Mempenem, 5024 
for injection, 5026 
Mesalamine, 5027 
extended-release capsules, 5029 
rectal suspension, 5030 


defayed-release tablets, 5032 
Mesityl oxide, 2369 
Mesna, 5033 

Mesoridazine besylate, 5035 
injection, 5035 
orał solution, 5036 
tablets, 5037 
Mestranol, 5037 

and ethynodlol di acetate tablets, 4111 
and norethindrone tablets, 5385 
Metacresoi, 5038 
Melanii 
yellow, 2369 

Metaphenylenediarmne hydrochloride, 2369 
TS, 2418 

Metaphosphoric-acetrc acid TS, 2418 
Metaphosphoric acid, 2369 
Metaproterenol sulfate, 5039 
i n ha lat ton aerosol, 5040 
inhalation solution, 5041 
orał solution, 5042 
tablets, 5043 

Metaraminol bitartrate, 5043 
injection, 5043 
Melaxalone, 5044 
tablets, 5046 

Metformin hydrochloride, 5047 
extended-release tablets, 5050 
and glipizide tablets, 4407 
and glyburide tablets, 4418 
and pioglitazone tablets, 5720 
tablets, 5048 

Methacholine chloride, 5058 
Methacryitc acid, 2369 
copolymer, 7753 
copolymer dlspersion, 775 5 
and ethyl acrylate copolymer, 7756 
and ethyl acrylate copolymer dlspersion, 
7758 

and ethyl acrylate copoiymer, partially- 
neutralized, 7760 

and methyl methacrylate copolymer, 7759 
Methacycline hydrochloride, 5059 
capsules, 5059 
orał suspension, 5060 
Me triad one hydrochloride, 5060 
injection, 5061 
orał concentratę, 5061 
orał solution, 5062 
tablets, 5063 

tablets for orał suspension, 5064 
Methamphetamine hydrochloride, 5064 
tablets, 5065 

Methanesuifonk acid, 2369 
Methanol, 2329, 2333, 2369 
a I dehyde-free, 2369 
anhydrous, 2369 
deuterated, 2350 
spectrophotometric, 2369 
Methazolarnide, 5066 
tablets, 5066 

Methdilazine hydrochloride, 5067 
orał solution, 5068 
tablets, 5068 

Methenamine, 2362, 2369, 5069 
hippurate, 5071 
hippurate tablets, 5072 
mandelate, 5072 
mandelate for orał solution, 5073 
mandelate orał suspension, 5073 
mandelate tablets, 5074 
mandelate delayed-release tablets, 5074 
orał solution, 5070 
tablets, 5070 



Combined lndex to USP 40 and NF 35 


Methi-WSicro 1-39 


Methimazole, 5075 
tablety 5076 
Methionine, 5076 
Methocarbamol, 50 77 
injection, 5078 
tablets, 5079 

Methods for the determination of partrculate 
matter in injections and ophthalmic 
Solutions (1788), 2163 
Methohexital, 5080 
sodium for injection, 5081 
Methotrexate, 5082 
injection, 5084 
for injection, 5085 
tablets, 5086 
Methotrimeprazine, 5086 

injection, 5087 

Methoxsalen, 5087 
capsules, 5088 
topteal solution, 5089 
5-Methoxy-1 fTbenzimidazołe-2-thiol, 2369 
7-Methoxycoumarin, 2369 
Methoxy determination {431 >, 359 
Methoxyethanol, 2369 
2 - M et h o xy eth an o I, 2369 
Methoxyffurane, 5089 
5-Me th oxy-2- m e thy I - 3 -ind o leacet ic a c i d, 
2369 

Methoxyphenylacetic acid, 2370 
Methoxyphenyiacetie TS, 2418 
Methscopolamine bromide, 5090 
tablets, 5091 
Methsuximide, 5092 
capsules, 5093 
Methyd o t h iazid e, 5093 
tablets, 5094 
Methyl 

acetale, 2370 
altohol, 7761 
4-am<nobenzoale, 2370 
arachidate, 2370 
behenate, 2370 
ben zen esul fon a te, 2370 
caprate, 2370 
ca pry la te, 2370 
carbamate, 2370 
chloroform, 2346, 2370, 2401 
erucate, 2370 
ethyl ketone, 2370 
green, 2370 

greenHodomercurate paper, 2409 
heptadecanoate, 2370 
Eodide, 2370 

isobutyJ ketone, 2370, 7762 
laurate, 2370 
Hgnocenate, 2371 
linoleate, 2371 
linolenale, 2371 
methacrylate, 2371 

methacrylate and ethyl a c ryła te copolymer 
dispersion, 7650 
myristate, 2371 
oleate, 2371 
o rangę, 2408 
orange TS, 2418 
palm i ta te, 2371 
purple TS, 2418 
red, 2371, 2408 
red-melhylene blue T5, 2418 
red sodium, 2408 
red TS, 2418 
red TS 2, 2418 
red TS, methanollc, 2418 
salicylate, 7763 
stearate, 2371 


sulfoxide, 2371 
violet TS, 2418 
yellow, 2371, 2408 
yellow-methylene blue T5, 2418 
yellow paper, 2409 
yellow TS, 2418 

3- Methy 1-2-benzothiazol i none hydrażone 
hydrochloride TS, 2418 

Methylamine, 40 percent in water, 2371 
Methylamine hydrochloride, 2371 
p-Methylaminophenoi suifate, 2371 
Methylbenzethonium chloride, 5095 
lotion, 5096 
ointment, 5096 
topEcal powder, 5096 

4- Methyfbenzophenone, 2371 
Methylbenzothiazdone hydrazone 

hydrochlorlde, 2371 

{/?)-(+)-alpha-Methylbenzyl isocyanate, 2372 
(5)-(->a-Melhylbehzyl isocyanate, 2372 
Methylceilulose, 5097 
ophthalmic solution, 5099 
orał solution, 5099 
tablets, 5099 
M ethyl co ba 1 a m 1 n, 7102 
tablets, 7103 
Methyldopa, 5099 
and chlorothiazide tablets, 5101 
and hydrochlorotbiazide tablets, 5103 
ora! suspension, 5100 
tablets, 5101 

Methyldopate hydrochlorlde, 5104 
injection, 5104 
Methylene 
blue, 2372, 5105 
blue injection, 5107 
blue injection, veterinary, 5107 
blue TS, 2418 
chloride, 2351, 2372, 7764 
5,5'-Methylenedisalicylic acid, 2372 
Methylergonovine maleate, 5108 
injection, 5109 
tablets, 5110 

3- O-Methylestrone, 2372 
Methyl methacrylate 

and methacrylic acid copolymer, 7759 
2“Methyh5mitroimidazole, 2372 
N- M ethy 1 -N-n i troso-p-to I uen es uff o n a m i de, 
2372 

Methylparaben, 7765 
sodium, 7766 

4- Methylpentan-2-o, 2372 
2-Methylpentane, 2372 

4 -Methyl-2-pentanone, 2370, 2372 
Methylphenidate hydrochloride, 5111 
tablets, 5113 

extended-release tablets, 5113 
Methylprednfsolone, 5117 
acetate, 5119 
acetate cream, 5119 
acetate injectable suspension, 5120 
acetate and neomycin suffate cream, 5311 
hemisuccinate, 5121 
sodium succinate, 5122 
sodium succinate for injection, 5123 
tablets, 5118 

2*Methyl-2-propyl-1,3-propanediol, 2372 
Methyl /Moluenesulfonate, 2371 
N-MetbyfpyrrolkJine, 2372 
Methylpyrroiido ne, 7767 
Methylsuifonyimethane, 7104 
and glucosamine tablets, 7017 
glucosamine, and chondroilin suifate 
sodium tablets, 7019 
tablets, 7105 


Me thy testosteron e, 5124 
capsules, 5125 
tablets, 5126 

Methylthionine perchlorate TS, 2418 
Methysergide maleate, 5126 
tablets, 5127 
Metodopramide 
hydrochloride, 5128 
injectfon, 5129 
orał solution, 51 30 
tablets, 5131 
Metolazone, 5132 
orał suspension, 5133 
tablets, 5134 
Metoprolol 
fu mara te, 5135 
succinate, 5137 

succinate extended-release tablets, 5138 
tartratę, 5140 

tartrate and hydrochlorothiazide tablets, 
5144 

tartrate injection, 5141 
tartrate orał solution, 5142 
tartrate orał suspension, 5142 
tartrate tablets, 5143 
Metrifonate, 5146 
Metronidazole, 5147 
benzoate, 5148 
capsules, 5149 
gel, 5151 
injection, 5152 
tablets, 5153 

extended-refease tablets, 5154 
Metronidazofe benzoate compounded 
orał suspension, 5149 
Metyrapone, 5156 
tablets, 5157 
Metyrosine, 51 57 
capsules, 5158 

Mexiletine hydrochloride, 5159 
capsules, 5160 
Mezlocillin 
for injection, 5161 
sodium, 5160 
Mibolerone, 5162 
orał solution, 5162 
Miconazole, 5163 
injection, 5163 
nitrate, 5164 
nitrate cream, 5165 
nitrate topicaf powder, 5165 
nitrate vagina3 suppostlories, 5166 
Microbial characterization, Identification, and 
strain typing (1113), 1419 
Microbial enumeration tests—nutrilional and 
dietary supplements (2021), 2245 
Microbiological attributes of nonslerile 
nutrilional and dielary supplements 
(2023), 2256 

Microbiological best laboratory practices 
<1117), 1443 

Microbiological eon troi and monitoring of 
aseptic processing environments (1116), 
1430 

Microbiologicaf examination of nonsterile 
Products: acceptance critena for 
pharmaceutical preparations and 
substances for pharmaceutical use (1111 ), 
1415 

Microbiological examination of nonsterile 
producLs: microbial enumemtion tests (61), 
117 

Microbiological examination of nonsterile 
products: tests for specified 
microorganisms (62), 123 
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Microbiological procedures for absence of 
spedfted microorganisms—nutritional and 
dietary supplements (2022), 2250 
Microstopy, optical (776), 645 
Mtdazolam, 5167 
injeetion, 5168 

Mid-infrared spectroscopy (854), 783 
Mid-infrared spectroscopy—theory and 
practice (1854), 2220 
Midodrine hydrochioride, 5169 
tablets, 5170 
Milk thislle, 7106 
capsules, 7110 
extraet, powdered, 7109 
powdered, 7107 
tablets, 7112 
Millon's reagent, 2418 
Milrinone, 5172 
Minerał 
acid, 2372 
oll, 5173 

oil emulsion, 5174 
oif, light, 7768 
oil rectal, 5174 
orf, topical light, 5174 
Minerals 

with calrium and vitamin D tablets, 6864 
capsules, 7113 

oif- and water-soluble vitamins with, 
capsules, 7336 

oil- and water-sofuble yltamms with, ora! 
solution, 7361 

oif- and water-soluble yitamins with, 
tablets, 7375 
tablets, 7121 

water-sołubie yitamins with, capsules, 7423 
water-sofuble yitamins with, orał solution, 
7443 

water-soluble yitomins with, tablets, 7451 
Minimum fili <755), 628 
Minocycline 
hydrochioride, 5175 
hydrochioride capsules, 51 76 
periodontal system, 5182 
hydrochioride orał suspension, 5177 
hydrochioride tablets, 5178 
hydrochioride extended-release tablets, 
5178 

for injeetion, 51 74 
Minoxidil, 5183 
topical solution, 5185 
tablets, 5184 
Mirtazaptne, 5186 
tablets, 5188 

orally dlsintegrating tablets, 5189 
Misoprostol, 5191 
dispersion, 5192 
Mission 

and preface, vii 
statement, vii 
Mitomycin, 5193 
for injeetion, 5195 
Mitotane, 5196 
tablets, 5196 
Mitoxantrone 
hydrochioride, 5197 
injeetion, 5197 
Modafinif, 5198 
tablets, 5199 

Moexipril hydrochioride, 5201 
Moexipril hydrochioride 
and hydrach to roth i azide tablets, 5205 
tablets, 5203 

Moist heat sterilization of aqueous liqulds 
(1229.2), 1815 


Molindone hydrochioride, 5207 
tablets, 5208 
Mofybdenum, 2372 
MoJybdic acid, 2372 
M oly bdo- p hosp hotun g sta te TS, 2418 
Mo meta sonę furoate, 5209 
cream, 5210 
ointment, 5211 
topical solution, 5213 
Monensin, 5214 
granulated, 5215 
premix, 5216 
sodium, 5216 
Monitoring devke$--ttme, temperaturę, and 
humidity (1118), 1449 
Monitoring of bioburden (1229,3), 1820 
Monobasic 

potassium phcsphate, 2372, 7847 
sodium phosphate, 2372, 6201 
Monobenzone, 5217 
cream, 5218 

Monochloroacetie acid, 2372 
Mono- and dt-glycerides, 7769 
Monoethanolam ne, 2372, 7769 
Monogiycende dtratę, 7770 
Monograph and reference materiał donors 
2014 recognition, xxvi 
Monosodium glulamate, 2372, 7771 
Monothioglycerol, 7772 
Montelukast 

sodium orał granules, 5220 
sodium tablets, 5222 
sodium chewable tabłets, 5 225 
Montelukast sod urn, 5218 
Morantel tartrate, 5227 
Moricizine hydrochioride, 5228 
tablets, 5230 
Morin, 2372 
Morphine sulfate, 5231 
extended-relecse capsules, 5232 
injeetion, 5234 
suppositories, 5235 
Morpholine, 2372 
Morrhuate sodium injeetion, 5236 
Moxideetin, 5236 
Moxifloxacin 
hydrochioride, 5240 
ophthalmic solution, 5238 
Mucosaf drug products—performance tests 
(1004), 829 

Mucosal drug products—product quallty 
tests (4), 86 
Mupirocin, 5242 
calcium, 5243 
cream, 5244 
ointment, 5246 
nasal ointm em, 5246 
Mycophenolate 
sodium, 5256 

Mycophenolate mofetif, 5247 
capsules, 5248 
for injeetion, 5250 
for orał suspension, 5251 
tablets, 5253 
Myco p hen o i ic add 
delayed-release tablets, 5257 
Mycoplasma tests (63), 130 
Myristic acid, 7772 
MyristyI alcohol, 7773 
Myristyltrimethylammonium bromide, 2372 
Myrrh, 5259 
topical solution, 5260 


N 

N 13 Injeetion, ammonia, 5369 
Nabumetone, 5261 
tablets, 5262 
Nadolol, 5262 

and bendrofiumethrazrde tablets, 5265 
tablets, 5264 
Nafrillin 
injeetion, 5265 
for injeetion, 5266 
sodium, 5267 
sodium capsules, 5267 
sodium for orał solution, 5268 
sodium tablets, 5268 
Naftifine hydrochioride, 5268 
cream, 5269 
gel, 5269 

Nalidixic acid, 5270 
orał suspension, 5271 
tablets, 5271 

Nalorphine hydrochioride, 5272 
injeetion, 5273 
Na!oxone 

hydrochioride, 5273 
hydrochioride injeetion, 5274 
and pentazodne tablets, 5629 
Naltrexone hydrochioride, 5275 
tablets, 5276 
Nandralone 
decanoate, 5277 
decanoate injeetion, 5278 
p hen pro pi on a te, 5278 
phenprapionate injeetion, 5279 
Naphazoline hydrochioride, 5279 
nasal solution, 5281 
ophthalmic solution, 5281 
and pheniramine maleate ophthalmic 
solution, 5281 
Naphthalene, 2372 
1,3-Naphtbalenediol, 2372 
2,7-Naph thalenediol, 2353, 2372 
2-Naphthalenesulfonic acid, 2372 
Naphtho! 

dipotassium disulfonate, 2373 
disodlum disulfonate, 2373 

1- Naphthol, 2330, 2373 
reagent, 2418 

TS, 2418 

2- Naphthol, 2337, 2373 
TS, 2413, 2418 

p-Naphtholbenzein, 2373, 2408 
TS, 2418 

/3-Naphthoquinone-4-sodium sulfonate, 2373 
Naphthoresorcinol, 2373 

1- Naphthylamine, 2373 

1 -Naphtbylamine hydrochioride, 2373 

2- NaphthyI chloraformate, 2373 
N-{ 1 -N aphthy i) ethy len ed ia m In e 

di hydrochioride, 2373 
TS, 2418 
Naproxen, 5283 
sodium, 5286 
sodium tablets, 5287 
orał suspension, 5283 
tablets, 5284 

delayed-refease tablets, 5285 
Narasin 

granular, 5288 
premix, 5290 
Naratriptan 
hydrochioride, 5291 
hydrochioride orał suspension, 5293 
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Naratrrptan (continued) 
tableti, 5290 


Nasal solution 

Butorphanol tartrate, 3101 
Caldtonin salmon, 3119 
Cromolyn sodium, 3589 
Ephedrine sulfate, 3998 
Epinephrine, 4001 
Flunisolide, 4235 
Naphazoline hydroehloride, 5281 
Oxymetazolłne hydroehloride, 5523 
Phenylephrine hydroehloride, 5684 
Tetrahydrozoline hydroehloride, 6412 
Xylometazoline hydroehloride, 6726 


Nasal spray 

Butorphanol tartrate, 3102 
Desmopressin acetate, 3662 
Fluticasone propionate, 4298 


Na tamy c i n, 5293 
ophthalmic suspension, 5294 
Na tęgim i de, 529 5 
tablets, 5297 

Near-infrared spectroscopy (1119), 1455 
Nefazodone hydroehloride, 5297 
tablets, 5299 
Neomycin 
bołuses, 5300 

and colistin sulfates and hydrocortisone 
acetate otic suspension, 3558 
for injection, 5300 

penictlłin G, polymyxin B, hydrocortisone 
acetate, and hydrocortisone sodium 
suceinate topical suspension, 5597 
and polymyxin B sulfates, bacitracin, and 
hydrocortisone acetate ointment, 5314 
and polymyxin B sulfates, bad traci n, and 
hydrocortisone acetate ophthalmic 
ointment, 5314 

and polymyxin 8 sulfates, badtrado, and 
lidocaine ointment, 53T5 
and polymyxin B sulfates and badtradn 
ointment, 5313 

and polymyxin B sulfates and badtradn 
ophthalmic ointment, 5313 
and polymyxin B sulfates, badtradn zinc, 
and hydrocortisone ointment, 5316 
and polymyxin B sulfates, badtradn zinc, 
and hydrocortisone ophthalmic 
ointment, 531 7 

and polymyxin B sulfates, badtradn zinc, 
and hydrocortisone acetate ophthalmic 
ointment, 5317 

and polymyxin B sulfates, badtradn zinc, 
and lidocaine ointment, 5318 
and po1ymyxin B sulfates and badtradn 
zinc ointment, 5315 
and polymyxin B sulfates and badtradn 
zinc ophthalmic ointment, 5316 
and po!ymyxin B sulfates cream, 5312 
and po]ymyxin B sulfates and 
dexamethasone ophthalmic ointment, 
5319 


and polymyxin B sulfates and 
dexamethasone ophthalmic suspension, 
5319 

and polymyxin B sulfates and gramicidin 
cream, 5320 

and polymyxin B sulfates, gramicidin, and 
hydrocortisore acetate cream, 5321 
and polymyxin B sulfates and gramicidin 
ophthalmic solution, 5320 
and po!ymyxrn B sulfates and 
hydrocortisone ophthalmic suspension, 
5322 

and po!ymyxin B sulfates and 
hydrocortisone Otic solution, 5321 
and polymyxin 3 sulfates and 
hydrocortisone otic suspension, 5322 
and polymyxin B sulfates and 
hydrocortisone acetate cream, 5323 
and pofymyxin B sulfates and 
hydrocortisone acetate ophthalmic 
suspension, 5323 

and potymyxin B sulfates and lidocaine 
cream, 5323 

and polymyxin B sulfates ophthalmic 
ointment, 5312 

and polymyxin B sulfates ophthalmic 
solution, 531 3 

and polymyxm B sulfates, penie El lin G 
proca i ne, and hydrocortisone acetate 
topical suspension, 5614 
and polymyxin E sulfates and pramoxine 
hydroehloride cream, 5324 
and polymyxm E sulfates and predn i solone 
acetate ophthalmic suspension, 5324 
and polymyxm B sulfates solution for 
irrigatton, 5312 
sulfate, 5301 

sulfate and badtradn ointment, 5302 
sulfate and badtradn zinc ointment, 5303 
sulfate cream, 5301 
sulfate and dexamethasone sodium 
ph osp ha te cream, 5303 
sulfate and dexamethasone sodium 
phosphate ophthalmic ointment, 5303 
sulfate and dexamethasone sodium 
phosphate ophthalmic solution, 5304 
sulfate and ffuocholone acetonide cream, 
5305 

sulfate and fluorometholone ointment, 
5305 

sulfate and flurandrenolide cream, 5305 
sulfate and flurandrenolide Eotion, 5306 
sulfate and flurandrenolide ointment, 5306 
sulfate and gramicidin ointment, 5306 
sulfate and hydrocortisone cream, 5307 
sulfate and hydrocortisone ointment, 5307 
sulfate and hydrocortisone otic suspension, 

5307 

sulfate and hydrocortisone acetate cream, 

5308 

sulfate and hydrocortisone acetate Jotion, 
5308 

sulfate and hydrocortisone acetate 
ointment, 5308 

sulfate and hydrocortisone acetate 
ophthalmic suspension, 5308 
sulfate, isoflupredone acetate, and 
tetracaine hydroehloride ointment, 5309 
sulfate, isoflupredone acetate, and 
tetra ca i ne hydroehloride topical powder, 
5310 

sulfate and methy prednisobne acetate 
cream, 531.1 

sulfate, nystatin, gramicidin, and 
triamdnolone acetonide cream, 5404 


sulfate, nystatin, gramicidin, and 
triamdnolone acetonide ointment, 5404 
sulfate, nystatin, tbiostrepton, and 
triamdnolone acetonide cream, 5405 
sulfate, nystatin, th i ostre p ton, and 
triamcmolone acetonide ointment, 5406 
sulfate ointment, 5301 
sulfate ophthalmic ointment, 5301 
sulfate and prednisobne acetate 
ophthalmic suspension, 5326 
sulfate orał solution, 5302 
sulfate tablets, 5302 

sulfate and triamdnolone acetonide cream, 
5326 

Neostigmine 
bromide, 5326 
bromide tablets, 5327 
methylsulfate, 5327 
methylsulfate injection, 5328 
Neotame, 7775 

Nephelometry, turbidImetry, and visuaf 
comparison <855>, 787 
Nessler*s reagent, 2418 
Net]Imieln sulfate, 5328 
injection, 5329 
Neutralized 
alcohol, 2373 
phthalate buffer, 2340 
Neutral red, 2408 
TS, 2418 
Nevirapine, 5329 
orał suspension, 5331 
tabfets, 5333 

New sterilization methods (1229.12), 1848 
Niacin, 5334 

extended-release tablets, 5337 
injection, 5335 

ar niacinamide assay (441), 361 
tablets, 5336 
Niacinamide, 5339 
injection, 5340 
or niacin assay (441), 361 
tablets, 5340 

Nicardipine hydroehloride, 5341 
injection, 5342 

Nickel-aluminum catalyst, 2373 
Nickel, 2373 

standard solution TS, 2418 
sulfate, 2373 

(II) sulfate heptahydrate, 2373 
Nickel nitrate hexahydrate, 2373 
/TNicotinamide adenlne dinucleotide, 2373 
Nicotinamide adenme dinucleotide 
p h osph a te -a d en osi n e-5 '-tri p h os ph ate 
mixture, 2373 
Nicotine, 5344 
polacrilex, 5347 
polacrilex gum, 5350 
transdermal system, 5345 
Nieotintc acid, 2373 
Nifedipine, 5351 
capsules, 5352 

extended-release tablets, 5354 
Nile blue hydroehloride, 2408 
Nimodipine, 5359 
Ninhydrin, 2373 
TS, 2418 
Nitrate 

mercurous, dlhydrate, 2369 
mercurous, TS, 2418 
Ophthalmic solution, silver, 6160 
In reagents, 2327 
silver, 2389, 6159 
silver, TS, 2420 

Eenth-normal (0.1 N), silver, 2420, 2432 
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Nitrate (continued) 
toughened silver, 6160 
Nitric 

add, 2373, 7776 
acid, diluted, 2353, 2373 
add, fuming, 2361, 2373 
add, lead-free, 2373 
oxide~nitrogen dioxide detector tubę, 
2374 
Nitrk add 
0,01 NTS, 2418 
0*2 N TS, 2418 

1 N TS, 2418 

2 NTS, 2418 
Mitrilotriacetic add, 2374 
Nitrite titration (451}, 366 
4 J -Nitroacetophenone, 2374 
o-Nitroaniline, 2374 
p-Nftroaniline, 2374 

TS, 2418 

Nitrobenzene, 2374 

/> N i trobenze ned i azon i u m tetraf I u o robo ratę, 

2374 

4-Nitrobenzoic add, 2374 
p-Nitrobenzyl bromide, 2374 

4- (p-Nitrobenzyl) pyridine, 2374 
NiIjofurantoin # 5360 

capsules, 5362 
orał suspension, 5365 
tablets, 5366 
Nitrofurazone, 5367 
omtment, 5368 
topical solution, 5369 
Nitrogen, 7777 
97 percent, 7777 
certtfied standard, 2374 
compounds in reagents, 2327 
determination {461), 366 
N 13 injection, ammonia, 5369 
Nitroglycerin 
diluted, 5370 
injection, 5371 
ointment, 5371 
sublingual tablets, 5372 
Nitromersol, 5373 
topical solution, 5373 
Nitromethane, 2374 

5- Nitro-1,10-phenanthroline, 2374 
NitrophenanthroJme TS, 2418 
T-Nitroso-2-naphthol, 2374 
Nitroso R salt, 2374 

Nitrouś 
0x3de, 5374 

oxide certified standard, 2374 
Nizatidine, 5375 
ca psu fes, 5376 
Nomenclature (1121), 1469 
Nonadecane, 2374 
Nonanoic acid, 2375 
Nonionic wetting agent, 2375 
Nonoxynol 9, 2375, 5377 
1-Nonyl alcohol, 2375 
rt-Nonyfamine, 2375 

Nonylphenoi polyoxyethyEene ether, 2375 
N onyłph e noxy po ly (ethy I en eoxy) ethan o I, 

2375 

Norelgestromin, 5379 
Norepinephrine bitartrate, 5380 
Injection, 5381 

and propoxycaine and procalne 
hydrochlorides injection, 5890 
Norethindrone, 5382 
acetale, 5386 

acetale and estradiol tablets, 4071 
acetale and ethinyl estradiol tablets, 5387 


acetale tablets, 5387 
and ethinyl estradiol tablets, 5384 
and mestrano tablets, 5385 
tablets, 5382 
Norfloxadn r 5388 
ophthalmic solution, 5390 
tablets, 5390 
Norgestimate, 5391 
and ethinyl estradiol tablets, 5393 
Norgestrel, 5395 

and ethinyl estradiol tablets, 5396 
tablets, 5395 
Normal 

butyl acetale, 2340 
butyl alcohol, 2341 
butylamine, 2375 
Northern schisandra fruit, 7184 
dry extract, 7185 
powder, 7187 

Nortrjptyline hydrochtoride, 5397 
capsules, 5398 
orał solution, 5398 
Noscapine, 5399 
Novobiocin 
sodium, 5400 

sodium intramammary infusion, 5400 
sodium and penictlfin G proca i ne 
intramammary infusion, 5615 
sodium, tetracydine hydrochloride, and 
prednisolone tablets, 6409 
sodium and tetracydine hydrochloride 
tablets, 6409 

Nu elear magnetic resonance spectroscopy 
(761), 629 

Nucletc acid-based tecbniques 
ampłlfication (1127), 1487 
approaches for detecting tracę nudeic 
acids (residua! DNA testing) (1130), 
1507 

extractlon, detectron, and sequencing 
<1126), 1477 
generał (1125), 1471 
genotyping <1129), 1503 
microarray <1128), 1497 
Nystatin, 5400 
cream, 5401 
lotion, 5402 
lozenges, 5402 

neomycin sulfate, gramie id i n, and 
tnamcinoione acetonrde cream, 5404 
neomycin sulfate, gramicidin, and 
triameinolone acetonide ointment, 5404 
neomycin sulfate, thiostrepton, and 
triameinolone acetonide cream, 5405 
neomycin sulfate, thiostrepton, and 
triameinolone acetonide ointment, 5406 
ointment, 5402 

and o xy tetracydine capsules, 5533 
and oxytetracydine for orał suspension, 
5534 

topical powder, 5402 
orał suspension, 5403 
for orał suspension, 5403 
tablets, 5403 

and tetracydine hydrochloride capsules, 
6410 

and triameinolone acetonide cream, 5407 
and triameinolone acetonide ointment, 
5407 

vaginal inserb, 5404 
vaginal suppesitones, 5402 
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n-Octadecane, 2375 
Ocla decyl silane, 2375 
Octanesulfonic add sodium salt, 2375, 2393 
1’Octanol, 2375 
Octanophenone, 2375 
Octinoxate, 5408 
Octisalate, 5408 
Octocrylene, 5409 
Octoxynol 9, 2375, 7778 
Octreotide acetate, 5410 
Octyldodecanol, 7780 
(p- te/t-Oc ty I p hen o xy) non ae t h oxy eth a n o I, 
2357, 2375 

(p - f e/t-Octy Iph en oxy) poły ethoxy eth an o I, 
2375 

Octyl sulfate, sodium salt, 2375 
Odorfess adsorbent paper, 2375 
Officers (2015-2020), xi 
Ofloxacin, 5411 
ophthalmic solution, 5413 
tablets, 5413 


Oil 

Almond, 7507 

Anise, 7521 

Borage seed, 6850 

Borage seed, capsules, 6851 

Canola, 7559 

Caraway, 7563 

Cardamom, 7584 

Castor, 3233 

Ca stor, aromatic, 3235 

Castor, capsules, 3234 

Castor, emulsion, 3235 

Castor, hydrogenated, 7586 

Cedar, 2345 

Clove, 7608 

Coconut, 7610 

Coconut, hydrogenated, 7610 

Cod Siver, 3543 

Cod liver, capsules, 6908 

Co bander, 761 3 

Corn, 7614 

Coltonseed, 7623 

Cottonseed, hydrogenated, 7623 

Crypthecodinium cohnii, 6912 

Ctypthecocfinfum cohnii capsules, 6914 

Ethiodized injection, 4102 

Evening primrose, 6951 

Evening primrose, capsules, 6952 

Fats and fixed oils (401), 332 

Fennel, 7665 

Flax seed, 6969 

Flax seed, capsules, 6969 

Krill, capsules, 7066 

Krill delayed-release capsules, 7069 

Lemon, 7732 

Minerał, 5173 

Minera! emulsion, 5174 

Minerał, light, 7768 

Minerał, rectaf, 5174 

Minerał, topical light, 5174 

Olive, 7786 

O rangę, 7789 

Palm, 7791 

Palm, hydrogenated, 7791 
Palm kemel, 7792 
Peanut, 7795 
Peppermint, 7796 
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Polyoxyl 35 castor, 7829 
Polyoxyl 40 hydrogenated castor, 7829 
Propyliodone injectable suspension, 5899 
Fully hydrogenated rapeseed, 7863 
Superglycerfnated fully hydrogenated 
rapeseed, 7864 
Rosę, 7866 
Safflower, 6091 
Schizochytrium, 7189 
Schizochytrium, capsules, 7191 
Sesame, 7868 
Soybean, 6217 

Soybean, hydrogenated, 7903 
Sunflower, 7947 
Vegetable, hydrogenated, 7961 
Vitamins capsules, oih and water-solubię, 
7290 

V3tamins capsules, oil-solubfe, 7248 
Vitamlns with minerals capsules, oil- and 
water-so lubię, 7336 

Vitamins with minerals orał solution, oil- 
and water-soluble, 7361 
Vitamins with minerals Lablets, oll- and 
water-soluble, 7375 
Vitamins orał solution, oil- and water* 
solubłe, 7309 

VRamins tablets, oil- and water-soluble, 
7318 

Vitamins tablets, oil-soluble, 7258 


Oil-soluble vEtamlns 
capsules, 7248 
tablets, 7258 

Oil- and water-soluble vitamins 
ca psu fes, 7290 
with minerals capsules, 7336 
with minerals orał solution, 7361 
with minerals tablets, 7375 
orał solution, 7309 
tablets, 7318 


Ointment 

Acydovir, 2593 

Aldometasone diproplonate, 2614 
Amdnonide, 2709 
Amphotericin B, 2800 
Anthralin, 2828 

Atropinę sulfate ophthalmic, 2907 
Bacitradn ophthalmic, 2938 
Badtracin zinc, 2941 
Badtracin zinc and polymyxin B sulfate, 
2942 

Bacitradn zinc and polymyxin B sulfate 
ophthalmic, 2943 
Benzocaine, 2975 

Benzocaine, butamben, and tetracaine 
hydrochloride, 2980 
Benzoic and salitylrc acids, 2984 
Betamethasone dipropionate, 3007 
Betamethasone vaJerate, 3014 
8land lubricating ophthalmic, 5449 
Calcipotriene, 3114 

Chloramphenicol and polymyxin S sulfate 
ophthalmic, 3352 

Chloramphenicol ophthalmic, 3349 
Chlortetracydine hydrochloride, 3397 
Chlortetracydine hydrochloride 
ophthalmic, 3397 
Ciprofioxadn ophthalmic, 3431 


Clioguinol, 3487 

Clioguinol and hydrocortisone, 3489 
Clobetasol propionate, 3492 
Coal tar, 3538 
Desoximelasone, 3667 
Dexamethasone sodium phosphate 
ophthalmic, 3681 
Dibucaine, 3724 
Diflorasone dlacetate, 3759 
Erythromycin, 4033 
Erythromydn ophthalmic, 4034 
Fluodnolone aceton!de, 4241 
Fluodnonide, 4244 
Flurandrenolide, 4277 
Fluticasone propionate, 4301 
Gentamkin and prednisolone acetate 
ophthalmic, 4397 
Gentamicin sulfate, 4392 
Gentamicin sulfate and betamethasone 
yalerate, 4394 

Gentamicin sulfate ophthalmic, 4393 
Haicmonide, 4465 
Hydrocortisone, 4508 
Hydrocortisone acetate, 4513 
Hydrocortisone acetate ophthalmic, 4513 
Hydrocortisone valerate, 4522 
Hydropfiilic, 5415 
Ichthammol, 4563 
ldoxurfdine ophthalmic, 4566 
Lidocaine, 4846 

Methylbenzethonium chloride, 5096 
Mometasone furoate, 5211 
Mupirocin, 5246 
Mupirodn nasal, 5246 
Neomycin and poiymyxin B sulfates and 
badtracin, 5313 

Neomycin and po(ymyxin B sulfates, 
bacitradn, and hydrocortisone acetate, 
5314 

Neomycin and polymyxin B sulfates, 
badtracin, and hydrocortisone acetate 
ophthalmic, 5314 

Neomycin and pofymyxln B sulfates, 
badtracin, and lidocaine, 5315 
Neomycin and polymyxin B sulfates and 
bacitracin ophthalmic, 5313 
Neomycin and polymyxin B sulfates and 
badtracin zinc, 5315 
Neomycin and polymyxin B sulfates, 
bacitradn zinc, and hydrocortisone, 

5316 

Neomycin and polymyxin B sulfates, 
bacitracin zinc, and hydrocortisone 
acetate ophthalmic, 5317 
Neomycin and pclymyxin B sulfates, 
bacitracin zinc, and hydrocortisone 
ophthalmic, 5317 

Neomycin and polymyxin B sulfates, 
badtracin zinc, and lidocaine, 5318 
Neomycin and pofymyxin B sulfates and 
bacitracin zinc ophthalmic, 5316 
Neomycin and polymyxin B sulfates and 
dexamethasone ophthalmic, 5319 
Neomycin and polymyxin B sulfates 
ophthalmic, 5312 
Neomycin sulfate, 5301 
Neomycin sulfate and bacitracin, 5302 
Neomycin sulfate and bacitracin zinc, 5303 
Neomycin sulfate and dexamethasone 
sodium phosphate ophthalmic, 5303 
Neomycin sulfate and fluorometholone, 

5305 

Neomycin sulfate and flurandrenolide, 

5306 

Neomycin sulfate and gramiddin, 5306 


Neomycin sulfate and hydrocortisone, 
5307 

Neomycin sulfate and hydrocortisone 
acetate, 5308 

Neomycin sulfate, Isoflupredone acetate, 
and teiracaine hydrochloride, 5309 
Neomycin sulfate ophthalmic, 5301 
Nitrofurażone, 5368 
Nitroglycerin, 5371 
Nystatin, 5402 

Nystatin, neomycin sulfate, gramicidin, 
and triamcinolone acetonide, 5404 
Nystatin, neomycin sulfate, Lhiostrepton, 
and triamcinolone acetonide, 5406 
Nystatin and triamdnolone acetonide, 
5407 

Oxytetracydine hydrochloride and 
hydrocortisone, 5537 
Oxytetracycline hydrochloride and 
polymyxin B sulfate, 5538 
Oxytetracydine hydrochloride and 
polymyxin B sulfate ophthalmic, 5538 
Polyethylene giycol, 7815 
Povidone-iodine, 5793 
Prednicarbate, 5810 
Resordnol ointment, compound, 5994 
Rosę water, 6079 

Sodium chloride ophthalmic, 6184 
Sulfacetamide sodium ophthalmic, 6250 
Sulfacetamide sodium and prednisolone 
acetate ophthalmic, 6252 
Sulfur, 6282 
Tetracaine, 6391 
Tetracaine and menLhol, 6392 
Tetracydine hydrochloride, 6404 
Tetracydine hydrochloride ophthalmic, 
6405 

Tobramycin and dexamethasone 
ophthalmic, 6500 
Tobramycin ophthalmic, 6495 
Triamcinolone acetonide, 6560 
Undecylenic add, compound, 6626 
Whlte, 5415 
Yellow, 5415 
Zinc ox*de, 6754 


Oianzapine, 5415 
and f!uoxetine capsules, 5418 
tablets, 5416 

Oianzapine orally dlsintegrating 
tablets, 5420 

Otefan detector tubę, 2375 
Oleić acid, 7782 
Oleoresin, capsicum, 31 70 
OleovItamin A and D, 5422 
capsules, 5423 

Oleoyl polyoxylglycerides, 7783 
Oleyl 

alcohol, 7784 
oleate, 7785 

Oligo-deoxythymidine, 2375 
Ofigosaccharide analysis (212), 273 
Olive oil, 7786 

Olmesartan medoxomil, 5423 
Olopatadine hydrochloride 
ophthalmic solution, 5426 
Om ega-3 

acids trigtycerides, 7128 
ethyl esters capsules, 5430 
ethyl esters, 5428 
Omeprazole, 5433 
delayed-release capsules, 5435 
magnesium, 5438 
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Omeprazoie (continued) 
orał suspension, 5437 
Ondansetron, 5439 
hydrochloride, 5441 
hydrochloride orał suspension, 5442 
injection, 5443 
orał solution, 5444 
tablets, 5445 

orally disEntegrating tablets, 5448 


Ophthalmic ointment 

Atropinę sulfate, 2907 
Badtradn, 2938 

Bad trąd n zinc and polymyxin B sulfate, 
2943 

BI and lubrieating, 5449 
Chloramphenicol, 3349 
Chloramphenicol and polymyxin B sulfate, 
3352 

Chlortetracycllne hydrochloride, 3397 
CiproflGxacin, 3431 

Dexamethasone sodium phosphate, 3681 
Erythromycin, 4034 
G en tam id n and prednisolone acetate, 
4397 

Gentamidn sulfate, 4393 
Hydrocortisone acetate, 4513 
ldoxuridine, 4566 

Neomycin and polymyxin B sulfates, 5312 
Neomycin and polymyxin B sulfates and 
badtradn, 5313 

Neomycin and polymyxin B sulfates, 
badtradn, and hydrocortisone acetate, 
5314 

Neomycin and polymyxtn B sutfates and 
badtradn zinc, 5316 
Neomycin and polymyxin B sutfates, 
bacitradn zinc, and hydrocortisone, 
5317 

Neomycin and połymyxin B sulfates, 
badtradn zinc, and hydrocortisone 
acetate, 5317 

Neomycin and polymyxin B sulfates and 
dexamethasone, 5319 
Neomycin sulfate, 5301 
Neomycin sulfate and dexamethasone 
sodium phosphate, 5303 
Oxytetracydme hydrochloride and 
polymyxin B sulfate, 5538 
Sodium chloride, 6184 
Sulfacetamide sodium, 6250 
Sulfacetamide sodium and prednisolone 
acetate, 6252 

Tetracycllne hydrochloride, 6405 
Tobramycin, 6495 

Tobramycin and dexamethasone, 6500 


Ophthalmic products^performance tests 
(1771), 2135 

Ophthalmic products—quality tests (771), 
639 


Ophthalmic solution 

Acelylcholine chloride for, 2585 
Apradonidine, 2844 
Atropinę sulfate, 2908 
BenoxEnate hydrochloride, 2965 


BetaxoEol, 3016 
Garbach o!, 3178 
Carteolol hydrochloride, 3222 
Cefazoltn, 3252 
Chloramphefifcol, 3350 
Chloramphenicol for, 3350 
Chymotrypsin for, 3409 
Ciprofloxadn, 3431 
Cromolyn sodium, 3590 
Cyclopentolate hydrochloride, 3606 
Cyclosporine compounded, veterinary, 
3617 

Demecarium brom i de, 3644 
Dexamethasone sodium phosphate, 3682 
Dipivefrin hydrochloride, 3819 
Dorzolamide hydrochloride, 3868 
Dorzolamide hydrochloride and timolol 
maleate, 3869 

Echothiophate lodide for, 3936 
Emedastlne, 3966 
Epinephrine, 4001 
Epinephrine bitartrate, 4003 
Epinephrine bitartrate for, 4004 
Epinephryl borate, 4004 
Fluorescein sodium and benoxinate 
hydrochloride, 4248 
Fluorescein sodium and pmparacaine 
hydrochloride, 4249 
Flurbiprofen sodium, 4282 
Gentamidn sulfate, 4393 
Gentamidn sulfate and betamethasone 
acetate, 4393 
Glycerin, 4423 

Homatropine hydrobromide, 4488 
Hy droxy a mp het a m i n e hy d robro m ide, 
4534 

Hypromellose, 4554 
ldoxuridine, 4567 
Levobunolol hydrochloride, 4B20 
Methyleellulose, 5099 
Moxjfloxacin, 5238 
NaphazoJine hydrochloride, 5281 
Naphazoline hydrochloride and 
p hen Sra minę maleate, 5281 
Neomycin and polymyxtn 8 sutfates, 5313 
Neomycin and po!ymyxin B sutfates and 
granmcidin, 5320 

Neomycin sulfate and dexamethasone 
sodium phosphate, 5304 
Norfloxacin, 5390 
Ofloxadn, 5413 

Olopatadine hydrochloride, 5426 
Oxymetazotlne hydrochloride, 5524 
Phenylephrine hydrochloride, 5684 
Physostigmine salicylate, 5700 
Pilocarplne hydrochloride, 5706 
Pilocarpine nltrate, 5708 
Polymyxin B sulfate and trimethoprim, 
5754 

Prednisolone sodium phosphate, 5820 
Pro pa raca i ne hydrochloride, 5885 
Scopolamine hydrobromide, 6128 
Silver nitrate, 6160 
Sodium chloride, 6185 
Sulfacetamide sodium, 6251 
Suprofen, 6295 

Tetracaine hydrochloride, 6396 
Tetrahydrozolinę hydrochloride, 6412 
Timolol maleate, 6480 
Tobramycin, 6499 
Travoprost, 6548 
Tropicamide, 6612 

Voriconazole compounded, veterinary, 
6710 


Zinc sulfate, 6757 


Ophthalmic 

suspension 

Brinzofamide, 3051 
Chloramphenicol and hydrocortisone 
acetate for, 3352 
Dexamethasone, 3673 
Fluorometholone, 4254 
Gentamidn and prednisolone acetate, 
4397 

Hydrocortisone acetate, 4514 
Natamycin, 5294 

Neomycin and polymyxin B sulfates and 
dexamethasone, 5319 
Neomycin and po1ymyxin B sulfates and 
hydrocortisone, 5322 
Neomycin and po!ymyxin B sulfates and 
hydrocortisone acetate, 5323 
Neomycin and poiymyxin B sulfates and 
prednisolone acetate, 5324 
Neomycin sulfate and hydrocortisone 
acetate, 5308 

Neomycin sulfate and prednisolone 
acetate, 5326 

Oxytetracydine hydrochloride and 
hydrocortisone acetate, 5537 
P red n i solone a c eta te, 5815 
Rimexolone r 6019 

Sulfacetamide sodium and prednisolone 
acetate, 6253 

Tetracydine hydrochloride, 6407 
Tobramycin and dexamethasone, 6501 
Tobramycin and fluorometholone acetate, 
6503 


Opium, 5449 
powdered, 5450 
tincture, 5450 
Optical 

microscopy (776), 645 
rotation (781), 648 
Oracet blue B, 2408 
TS, 2418 

Orał drug products—product quality tests 
(2), 74 

Orally inhaled and nasal drug products 
(1664.1), 2048 


Orał powder 

Containing at least three of the 
fol Iow i ng—acetaminophen and (sa Its of) 
chIorpheniramine, dextromethorphan, 
and pseudoephedrine, 2555 
Levothyroxine sodium, 4842 
Sodium blcarbonate, 61 78 


Orał solution 

Abacavir, 2527 
Acacia syrup, 7495 
Acetaminophen, 2545 
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Ora! sofution (continued) 

Containing at feast three of the 
following—acetaminophen and (salts of) 
chlorphemramine, dextromethorphan, 
and pseudoephedrine, 2557 
Acetaminophen and codeine phosphate, 
2564 

Aceta m i n o ph e n, dex trom e tho rp ha n 
hydrobromide, doxy!amine succlnate, 
and pseudoephedrine hydrochloride, 
2567 

Acetaminophen for effervescent, 2545 
Amantadine hydrochloride, 2707 
Aminobenzoate potassium for, 2723 
Amfnocaprołc acid, 2728 
Aminophylline, 2739 
Amprolium, 2815 
Aromatic elixir, 7521 
Ascorbic acid, 2867 
Aspirin effervescent tablets for, 2876 
Atenolol, 2888 

Bedometbasone dipropionate 
compounded, 2956 
Benzaldehyde elixir, compound, 7530 
Betamethasone, 3000 
Bethanechoi chloride, 3020 
B romodfphen hydram i ne hyd roc h lori d e, 
3056 

Sromodiphenhydramine hydrochloride and 
codeine phosphate, 3057 
Brompheniramine maleate, 3059 
Brompheniramine maleate and 
pseudoephedrine suifate, 3060 
Butabarbital sodium, 3087 
Caffeine citrate, 3108 
Calcium glublonate syrup, 3136 
Caplopril, 3174 
C 13 for, urea, 3200 
Cetirizine hydrochloride, 3333 
Cherry syrop, 7600 
Chi o rai hydra te, 3346 
Chloramphenicol, 3351 
Chlorpheniramine maleate, 3388 
Chlorpheniramine maleate and 
pseudoephedrine hydrochloride, 3390 
Chlorpromazśne hydrochloride syrup, 3393 
Chocolate syrup, 7607 
Cltalopram, 3448 
Clindamydn hydrochloride, 3479 
Clindamydn palmitate hydrochloride for, 
3480 

Cloxacillin sodium for, 3535 
Cyanocobalamin Co 57, 3539 
Codeine phosphate, 3547 
Codeine suifate, 3550 
Cydosporine, 3616 
Cyproheptadine hydrochloride, 3619 
Dexamethasone, 3674 
Dexamethasone elixir, 3671 
Dexbrompheniramine maleate and 
pseudoephedrine suifate, 3684 
Dexthlorpheniramine maleate, 3687 
Dextromethorphan hydrobromide, 3707 
DEcyclomine hydrochloride, 3744 
Dldanosine for, 3749 
Digoxin, 3768 
Dihydro tac hy sterol, 3774 
Diltiazem hydrochloride, 3784 
DimenhydrinaLe, 3789 
Diphenhydramine hydrochloride, 3806 
Diphenoxylate hydrochloride and atropinę 
suifate, 3815 

Docusate sodium syrup, 3854 
Do łase tron mesy lale, 3858 
Doxepin hydrochloride, 3879 


Doxytamine sucdnate, 3906 
Dyphylline, 3930 
Dyphylline and guaifenesln, 3931 
Ephedrine suifate, 3998 
Ergocaldferoi, 4014 
Ergoloid mesylates, 4017 
Escitalopram, 4050 
Ethosuximide, 4106 
Ferric ammoniim citrate for, 2777 
Ferrous gluconate, 4174 
Ferrous suifate, 4177 
Ferrous suifate syrup, 4177 
Fluoxetine, 4262 

Fluphenazine hydrochloride, 4273 

Fluphenazine hydrochloride eiixir, 4271 

Furosemide, 4349 

Galantamine, 4372 

Glyeerin, 4423 

Guaifenesin, 4452 

Guaifenesin ano codeine phosphate, 4453 

Haloperidol, 4470 

Hydra łazi ne hydrochloride, 4494 

Hydromorphone hydrochloride, 4528 

Hydroxyzine hydrochloride, 4541 

Hyoscyamine suifate, 4551 

Hyoscyamine suifate elixir, 4550 

łpecac, 4669 

isoniazid, 4694 

Isosorbide, 4707 

Lamivud1ne, 4766 

Levetiracetam, 4809 

Levocamłtine, 4823 

Levofloxadn, 4833 

Uncomydn, 4856 

Lithium, 4870 

Loperamide hydrochloride, 4881 
Lopinaw and ritonavir, 4886 
Loratadine, 4897 

Magnesium carbonate, citric acid, and 
potassium citrate for, 4937 
Magnesium carbonate and cl the acid for, 
4936 

Manganese chloride for, 4958 
Magnesium citrate, 4940 
Magnesium citrate for, 4941 
Meperidine hydrochloride, 5009 
Mesoridazlne besylate, 5036 
Metaproterenol suifate, 5042 
Methadone hydrochloride, 5062 
Methdilazine hycrochloride, 5068 
Methenamine, 5070 
Methenamine mandelate for, 5073 
MethylcelluEose, 5099 
Metodopramide, 5130 
Metoprolol tartrate, 5142 
Mibolerone, 5162 
Nafdllin sodium for, 5268 
Neomydn suifate, 5302 
Northptyline hydochforide, 5398 
Ondansetron, 5444 
Orange syrup, 7790 
Oxadllin sodium for, 5472 
Oxtriphylline, 5500 
Oxybutynin chloride, 5504 
Oxycodone hydrochloride, 5512 
Paromomycin, 5578 
Penicillin G potassium for, 5605 
Peniciilin V potassium for, 5622 
Perphenazine, 5651 
Phenobarbital, 5664 
Piperazine citrate syrup, 5737 
Polyethylene glycol 3350 and electrolytes 
for, 5748 

Potassium bicarbonaLe effervescent tablets 
for, 5758 


Potassium bicarbonate and potassium 
chloride for effervescent, 5758 
Potassium bicarbonate and potassium 
chloride effervescent tablets for, 5759 
Potassium bicarbonate, potassium chloride, 
and potassium citrate effervescent 
tablets for, 5769 

Potassium brom i de, veterinary, 5762 
Potassium chloride, 5765 
Potassium chloride for, 5765 
Potassium citrate and citric acid, 5776 
Potassium gluoonate, 5778 
Potassium gluconate and potassium 
chloride, 5780 

Potassium gluconate and potassium 
chloride for, 5780 

Potassium gluconate and potassium citrate, 
5781 

Potassium gluconate, potassium citrate, 
and ammonium chloride, 5781 
Potassium iodide, 5783 
Potassium and sodium bicarbonates and 
ci hic acid effervescent tablets for, 5759 
Prednisolone, 5813 
P red ni soi one sodium phosphate 
compounded, 5818 
Prednisone, 5823 
Prochlorperazine, 5846 
Pro mazi ne hydrochloride, 5861 
Promazine hydrochloride syrup, 5862 
Promethazine and phenylephrine 
hydrochloride, 5869 
Promethazine and phenylephrine 
hydrochloride and codeine phosphate, 
5872 

Promethazine hydrochloride, 5865 
Pseudoephedrine hydrochloride, 5907 
Pseud oeph ed ri n e hyd roch I o ri de, 
carbinoxamine maleate, and 
dextromethorphan hydrobromide, 5910 
Pyridostigmine bromide, 5923 
Ranitidfne, 5976 
Reserplne, 5988 
Risperidone, 6038 
Ritonavir, 6050 
Saccharin sodium, 6090 
Senna, 6143 

Sertraline hydrochloride, 6149 
Sodium bromide, veterinary, 6180 
Sodium citrate and dtric acid, 6186 
Sodium fluoride, 6189 
Sodium phosphates, 6202 
Stavudine for, 6231 
Suifaquinoxaline, 6275 
Syrup, 7949 
Terpin hydrate, 6383 
Terpin hydrate and codeine, 6383 
TheophyJUne, 6420 
Theophylline and guaifenesin, 6426 
Theophylline sodium glycinate, 6427 
Thiamine hydrochloride, 6431 
Thiamine mononilrate, 6434 
Thioridazine hydrochloride, 6447 
Thiothixene hydrochloride, 6454 
Tolu balsam syrup, 7952 
Triamcinolone diacetate, 6566 
Tricitrates, 6577 
Trifluoperazine, 6584 
Trihexyphenidyl hydrochloride, 6591 
TrJkates, 6593 
Trimeprazine, 6594 
Triproltdine hydrochloride, 6604 
Triprolidlne and pseudoephedrine 
hydrochlorides, 6606 
Valproic acid, 6646 
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Orał solution (continued) 

Vancomycin hydrochloride for, 6660 
Vehicle for, 7788 
Vehicle for, sugar free, 7788 
Verapamil hydrochloride, 6677 
Vrgabatrin for, 6687 

Vitamins with minerals, oil-sofuble, 7275 
Vitamrns with minerals, oil- and water- 
soluble, 7361 

Vitamins with minerals, water-soluble, 
7443 

Vitamins, oil-soluble, 7255 

Vitamins, oth and water-soluble, 7309 

Zidovudine, 6741 

Zinc acetale, 6747 

Zine sulfate, 6757 


Orał suspension 

Acetaminophen, 2547 
Acetaminophen and codeine phosphate, 
2565 

Acetazolamide, 2579 
Acyclovir, 2594 
Albendazołe, 2604 
Allopurinol, 2634 
Alprazolam, 2642 
Alumina and magnesia, 2660 
Alumina, magnesia, and calcium 
carbonate, 2662 

Alumina, magnesia, and simethicone, 2666 
Alumina and magnesium carbonate, 2669 
Alumina and magnesium trisilicate, 2672 
Amiodarone hydrochloride, 2755 
Amlodipine, 2760 
Amoxicilfin, 2788 

Amoxtdl[En and davulanate potassium for, 
2791 

Amoxidliin for, 2789 

Amoxjdlfin tablets for, 2790 

Am piciIlin for, 2809 

Ampicillin and probenecid for, 2811 

Ateno Eo! compounded, 2889 

Ateno Id compounded, veterinary, 2889 

Atovaquone, 2900 

Azathioprine, 2916 

Azlthromycin for, 2928 

Baclofen, 2944 

Benazepril hydrochloride compounded, 
veterinary, 2963 
Bethanechol chloride, 3021 
Bismuth subsaficylate, 3040 
Calcium carbonate, 3128 
Calcium and magnesium carbonates, 3133 
Captopril, 3175 
Carbamazepine, 3181 
Cefador for, 3238 
Cefadroxfl for, 3244 
Cefdinir for, 3258 
Cefixtme for, 3266 
Cefpodoxime proxetil for, 3293 
Cefprozil for, 3297 
Cefuroxime axetil for, 3311 
Cellulose sodium phosphate for, 3317 
Cephalexin for, 3319 
Cephalexin tablets for, 3321 
Cephradine for, 3330 
Chloramphenicol pa fm i ta te, 3353 
Chloroquine phosphate, 3378 
Chlorothiazide, 3380 
Cholestyramme for, 3405 
Cisapride compounded, veterinary, 3439 
Clarithromydn for, 3463 


Clavu1anate potassium and a mox id [lin for, 
2791 

Clonazepam, 3505 
Clopidogrel compounded, 3517 
ColestJpo! hydrochloride for, 3555 
Colistin sulfate for, 3558 
Oapsone, 3637 
Demeclocyclinę, 3645 
Diazoxide, 3 722 
Dicloxacillin sodium for, 3742 
Didanosine tablets for, 3750 
Diltiazem hydrochloride, 3785 
Dipyridamole, 3821 
Dolasetron mesy la te, 3858 
Doxycycline for, 3892 
Doxycycltne calcium, 3894 
Doxycydtne compounded, veterinary, 

3895 

Enalapril maleate, 3970 
Enalaprit maleate compounded, veterinary, 
3970 

Enrof!oxadn compounded, veterinary, 

3986 

Erythromycin estolate, 4039 
Erythromycin estolate for, 4040 
Erythromycin estolate and sulfisoxazole 
acetyl, 4040 

Ery t h ro my ci n et hy Isu cc i n a te, 4043 
Erythromycin ethyfsucdnate for, 4044 
Erythromycin ethylsuccinate and 
su!fisoxazole acetyl for, 4046 
Famcidovir compounded, 4135 
Famotidine for, 4139 
Felbamate, 4143 
Ferumoxsil, 4182 
Flecainide acetale, 4206 
Fluconazole for, 4219 
Ftucytosine, 4223 
Furazolidone, 4347 
Gandclovir, 43B1 
Granisetron hydrochloride, 4442 
GriseofuMn, 4447 
Hydroxyzine oamoate, 4546 
Jbuprofen, 4556 
fndomethacin, 4602 
Isradipine, 4728 
Ketoconazole, 4748 
Labetaiol hydrochloride, 4759 
Lamotrigine compounded, 4778 
Lamotrigine tablets, 4776 
Umoprazole compounded, 4787 
Usinopril, 4865 
Loracarbef for, 4895 
Magaldrate, 4931 

Magaldrate and simethicone, 4932 
Magnesium carbonate and sodium 
bicarbonate for, 4937 
Marbofloxach compounded, veterinary, 
4965 

Mebendazole, 4969 
Megestrol acetale, 4987 
Meloxicam, -^994 
Meprobamate, 5018 
Methacydine hydrochloride, 5060 
Methadone hydrochloride tablets for, 5064 
Methenamine mandelate, 5073 
MethyJdopa, 5100 
Meto la zonę, 5133 
Metoprolol tartrate, 5142 
Metronidazole benzoate compounded, 
5149 

Mrfiocycline hydrochloride, 5177 
Mycophenofate mofetil for, 5251 
Nalldixic actd, 5271 
Naproxen, 5283 


Na ra tri plan hydrochloride, 5293 
Nevtrapine, 5331 
N strof u ran toin, 5365 
Nystatin, 5403 
Nystatin for, 5403 
Omeprazole, 5437 
Onda metron hydrochloride, 5442 
Oxcarbazeplne, 5492 
Oxfendazole, 5497 

Oxytetracyctine and nystatin for, 5534 
Oxytetracycitne calcium, 5534 
Pantoprazoie, 5562 
Penicillin G benzathine, 5600 
Penicillin V for, 5619 
Penicillin V benzathine, 5620 
Pentoxifylline, 5635 
Pergolide, veterinary, 5642 
Phenobarbital, 5664 
P hen oxy ben za m i n e hyd roch I o ride 
compounded, 5670 
Phenytoin, 5690 
Piroxicam compounded, 5741 
Prednisolone compounded, veterinary, 
5816 

Primidone, 5832 
Propylthiouracil, 5900 
Psy litu m hydrophilic mudfloid for, 5915 
Pyrantel pamoate, 5917 
Pyrazinamide, 5920 
Pyrimethamine, 5929 
Pyrvinium pamoate, 5931 
Quinidine sulfate, 5952 
PifabuLin, 6006 
Rifampin, 6010 
Sildenafil dtrate, 6159 
Simethicone, 6163 
Sodium phenylbutyrate, 6200 
Sotalol hydrochloride, 6216 
Spironolactone, 6222 
Spironolactone and hydrochlorothiazide, 
6223 

Spironolactone compounded, 6221 
Sulfad»methoxlne, 6261 
Sulfamethizole, 6266 
5ulfamethoxazole, 6268 
5ulfamethoxazole and trimethoprim, 6270 
Sulfisoxazole acetyl, 6282 
Sumatriptan sucdnate, 6294 
Tacrolimus, 6309 
Tadalafil compounded, 6313 
Temozolomide, 6361 
Terbinafine, 6370 
Terb u ta linę, 6377 
Tetracydine, 6400 
Te trący cl me hydrochloride, 6407 
TheophyflEne, 6421 
Thiabendazole, 6429 
Thioridazine, 6446 
Tiagabine hydrochloride, 6460 
Top i ram a te compounded, 6527 
Tramadol hydrochloride, 6532 
Tramadol hydrochloride and 
acetaminophen, 6538 
Tramadol hydrochloride compounded, 
veterinary, 6539 
Trifłupromazine, 6586 
Trisuifapyrimidines, 6607 
Ursodiol, 6630 
Valacyclovir, 6633 
Vehide for, 7788 
Verapamil hydrochloride, 6678 
Zonisamide compounded, 6778 
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Orange 
C, 2375 
oil, 7789 

peef tincture, sweet, 7790 
spirit, compound, 7789 
syrup, 7790 
Orbifl©xadn, 5451 
tablets, 5452 
OrcinoJ, 2376 

Ordinary impurities (466), 368 
Organie 

nitrogenous bases—Identification <181), 
245 

nitrogenous bases, safts of (501), 392 
Orlistat, 5453 
ca psu fes, 5456 
Orphenadrine ci tratę, 5457 
aspirin and caffeine tablets, 5462 
injection, 5459 

extended-release tablets, 5460 
O rth o p hen a n th roi i ne, 23 76 
TS, 2418 

OseltamMf phosphate, 5465 
ca psu fes, 5467 
Osmium tetroxide, 2376 
Osmolality and osmolarity (785), 656 
Otic solu tion 
acetic add, 2581 
antipyrine and benzocaine, 2838 
antipyrine, benzocaine, and phenylephrine 
hydrochloride, 2839 
benzocaine, 2976 
chloramphenicol, 3351 
gentamicin sulfate and betamethasone 
valerate, 4395 

hydroeortisone and acetic add, 4510 
neomycin and poEymyxin S sulfates and 
hydroeortisone, 5321 
polymyxin 8 sulfate and hydroeortisone, 
5753 

Otic suspension 

Oiprofloxacin and dexamethasone, 3436 
Oxactllin 
injection, 5471 
for injection, 5472 
sodium, 5468 
sodium capsules, 5470 
sodium for orał solution, 5472 
Oxalic acid, 2376 
tenthmormal (0.1 N), 2429 
T$, 2419 
Oxalipfatin, 5473 
injection^ 5477 
for injection, 5479 
Qxandrolone, 5481 
tablets, 5483 
Oxaprozin, 5485 
tablets, 5486 
Oxazepam, 5487 
capsules, 5488 
tablets, 5490 
Oxcarbazepine, 5490 
orał suspension, 5492 
tablets, 5494 
Oxfendazole, 5497 
orał suspension, 5497 
Oxidized cellulose, 3314 
regenerated, 3315 
Oxprenofol hydrochloride, 5498 
tablets, 5499 

extended-release tablets, 5499 
OxtriphyNine, 5500 
orał solution, 5500 
tablets, 5501 

extended-release tablets, 5501 


Oxybenzone, 5503 
and dioxybenzone tream, 3797 
Oxybutynin chloride, 5503 
orał solution, 5504 
tablets, 5505 

tablets, extended-release, 5506 
Oxycodone 

and acetaminophen capsules, 5516 
and acetaminophen tablets, 5517 
and aspirin tablets, 5518 
terephthalate, 5520 
Gxycodone hydrochloride, 5509 
orał solution, 5512 
tablets, 5513 

extended-refease tablets, 5513 
3,3-Oxydipropbnitrile, 2376 
Oxygen, 5521 

21 percent certified standard, 2376 
93 percent, 5522 

93 percent certified standard, 2376 
certified standard, 2376 
fiask combustion <471), 385 
helium certified standard, 2376 
Oxymetazoline hydrochloride, 5522 
nasal solution, 5523 
ophthalmic solution, 5524 
Oxymethołone, 5524 
tablets, 5525 

Oxymorphone hydrochloride, 5526 
Injection, 5527 
tablets, 5528 

extended-release tablets, 5530 
Oxyquinoline sulfate, 7790 
Oxytetra cyc linę, 5531 
calcium, 5534 

ealcium orał suspension, 5534 
for injection, 5536 
hydrochloride, 5535 
hydrochloride capsules, 5535 
hydrochloride and hydroeortisone acelate 
ophthalmic suspension, 5537 
hydrochloride and hydroeortisone 
ointment, 5537 

hydrochloride and polymyxin B sulfate 
ointment, 5538 

hydrochloride and polymyxin B sulfate 
ophthalmic ointment, 5538 
hydrochloride and polymyxm B sulfate 
topical powder, 5539 
hydrochloride and polymydn B sulfate 
vaginat inserts, 5539 
hydrochloride soluble powder, 5536 
injection, 5532 
and nystatin capsules, 5533 
and nystatin for orał suspension, 5534 
tablets, 5533 
Oxytocin, 5539 
injection, 5541 


P 

P 32 

solution, sodium phosphate, 5699 
suspension, chromie phosphate, 5698 
Package integrity and test metbod selectlon 

(1207.1) , 1707 

Package integrity leak test technologies 

(1207.2) , 1719 

Package seal ouality test technologies 

(1207.3) , 1736 


Packaging and repatkaging—single unit 
containers (1136), 1532 
Packaging and storage reguirements (659), 
529 

Packings for high-pressure liguid 
chromatography, 2376 
Pacliiaxel, 5542 
injection, 5544 
Padimate O, 5545 
lotion, 5546 
Pałiperidone, 5547 
Palladium 
catalyst, 2376 
chlorlde, 2376 
chloride T5, buffered, 2419 
Paltadous chloride, 2376 
Palli da 

echinacea, 6931 

extract, powdered echinacea, 6935 
powdered echinacea, 6933 
Palm 
oil, 7791 

oil, hydrogenaled, 7791 
kemeJ oil, 7792 
Patmitic add, 7793 
Palonosetron 
hydrochloride, 5548 
Pamabrom, 5550 
Pa m id ron ate d isod i u m, 5551 
for injection, 5552 

Pancreatic digest of casein, 2376, 2403 
Pancreatin, 2376, 5553 
tablets, 5555 
Pancreatin (1025), 866 
Pa nc rei i pa sę, 5556 
capsules, 5557 

delayed^release capsules, 5558 
tablets, 5558 

Pa ncu roni urn bromide, 5559 
injection, 5560 
Panthenol, 5561 
Pantoprazole 
orał suspension, 5562 
Pantoprazole sodium, 5563 
defayedmelease tablets, 5565 
Pa pak digest of soybean meal, 2376 
Papatn, 5569 

tablets for topical solution, 5569 
Papaverine hydrochloride, 5570 
injection, 5571 
tablets, 5571 
Paper 

lead acetale, 2367 
odorfess absorbent, 2376 
quantitative fil ter, 2385 
Pora-a minobenzoic acid, 2331, 2376 
Parachlorophenol, 5571 
camphorated, 5572 
Paraffin, 7794 
synthetre, 7795 
Paraformaldehyde, 2376 
Paraldehyde, 5573 
Paregortc, 5573 
Paricaldtol, 5574 
injection, 5575 
Parom omyć i n 
orał solution, 5578 
sulfate, 5578 
sulfate capsules, 5578 
Paroxetine 
hydrochloride, 5579 
tablets, 5582 

extended-release tablets, 5583 
Partially-neutralized methacrylic acid and 
elhyl a ery la te copolymer, 7760 
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Particie size drstribution estimation by 
analylical siewng (786), 658 
Particulate matter in injections (788), 665 
Particulate matter in ophthatmic Solutions 
(789), 6Ó9 
Peanut oil, 7795 
Pea starch, 7915 
Pectate lyase, 2377 
Pectin, 5586 
Pemetrexed 
disodium, 5588 
for injection, 5590 
Penbutolol sulfate, 5591 
tablets, 5592 
Penicillamine, 5593 
capsules, 5595 
tablets, 5596 
Perucfffłn 

G benzathine, 5598 

G benzathine injectable suspension, 5599 
G benzathine and penidllin G procaine 
in jec ta ble suspension, 5601 
G benzathine orat suspension, 5600 
G benzathine tablets, 5600 
G, neomydn, polymyxfn 0, hydrocortisone 
acetale, and hydrocortisone sodium 
succinate topical suspension, 5597 
G potassium, 5602 
G potassium injection, 5603 
C potassium for injection, 5604 
G potassium for orał solution, 5605 
C potassium tablets, 5606 
G procaine, 5607 

G procaine, dihydrostreptomycin sulfate, 
chlorpheniramine maleate, and 
dexamethasone injectable suspension, 
5612 

G procaine and dihydrostreptomycin 
sulfate injectable suspension, 5611 
C procaine and dihydrostreptomycin 
sulfate intramammary infusion, 5611 
G procaine, dihydrostreptomycin sulfate, 
and prednisolone injectable suspension, 
5614 

G procaine injectable suspension, 5609 
G procaine for injectable suspension, 5610 
G procaine intramammary infusion, 5609 
G procaine, neomydn and polymyxin B 
sulfates, and hydrocortisone acetate 
topical suspension, 5614 
G procaine and novobiocin sodium 
intramammary Infusion, 5615 
G procaine and penidllin G benzathine 
injectable suspension, 5601 
G sodium, 5616 
G sodium for injection, 5616 
V, 5618 

V benzathine, 5620 

V benzathine orał suspension, 5620 

V potassium, 5621 

V potassium for orai solution, 5622 

V potassium tabiets, 5623 

V for orał suspension, 5619 

V tablets, 5619 
Penidl li n a se, 2377 
Pentadecane, 2377 

1-Pentadecanol, 2377 
Pentaftuoropropionic acid, 2377 
Pentamidine ssethionate, 5624 
Pentane, 2377 

1- Pentanesulfonic acid sodium salt, 2377 

2- Pentanone, 2377 
Pentazocine, 5624 

and acetamfnophen tablets, 5625 
and aspirin tablets, 5627 


hydrochloride, 5625 
injection, 5630 
and natoxone tablets, 5629 
Pentetic acid, 5631 
Pen to ba rbi tal, 5632 
sodium, 5633 
sodium injection, 5634 
Pentoxifylline, 5634 
ora! suspension, 5635 
extended-release tablets, 5636 
People, xi 
Peppermint, 7796 
Oli, 7796 
spirtt, 5638 
water, 7797 
Pepsin, 2377 
purified, 2377 

Peptic digest of animal tissue, 2378 
Peptone, dried, 2357, 2378 
Perchloric add, 2378 
tenth-normal (OJ N) in dioxane, 2429 
tenth-normal (OJ IM) in glacial acetfc acid, 
2430 
TS, 2419 
Perftubron, 5639 

Perflutren pro tein-ty pe A microspheres 
injectable suspension, 5639 
Pergolide 
mesylate, 5641 

orał suspension veterinary, 5642 
tablets, 5643 
Perindopril 
erbumlne, 5644 
erbumine tablets, 5647 
Periodic acid, 2378 
Periodontal system 
minocydine, 5182 
Perphenazine, 5649 

and amitriptytine hydrochloride tablets, 
5652 

injection, 5650 
orał solution, 5651 
syrup, 5651 
tablets, 5652 
Pertussts 

immune globulin, 5653 
Petrolatum, 5653 
hydrophilic, 5654 
white, 5654 
Petroleum benzin, 2378 
pH (791), 672 

Pharmaceutical calculations In pharmacy 
practice (1160), 1569 
Pharmaceutical compounding 
nonsterile preparations (795), 675 
stenie preparations {797), 683 
Pharmaceutical dosage forms (1151), 1543 
Phases for gas chromatography, 2378 
Phase-solubility analysis (1171), 1599 
Phellandrene 
(R>H-a1pha, 2378 
Phenacetin, 2378 
1,1O-Phenanthroline, 2376, 2378 
o P hen a n thro I i re ma nohy d roch I o ride 
mon ohyd ratę, 2378 
Phenazopyridtne hydrochloride, 5655 
tablets, 5656 

Phendimetrazine tartrate, 5657 
capsules, 5658 
tablets, 5659 
Phenelzine sulfate, 5659 
tablets, 5660 

P hen i ram Ine maleate, 5661 
and naphazoline hydrochloride ophthalmlc 
solution, 5281 


Phenmetrazine hydrochloride, 5662 
tablets, 5662 
Ph en oba rbi tal, 5663 
sodium, 5665 
sodium injection, 5666 
sodium for injection, 5666 
orał solution, 5664 
orał suspension, 5664 
tablets, 5665 

theophylline and ephedrine hydrochloride 
tablets, 6424 
Phenof, 2378, 5666 
aloohol TS, 2412 
topical gel, camphorated, 5667 
iron, TS, 2416 
liquefied, 5668 
red, 2378, 2408 
red, sodium, 2378 
red T5, 2419 
red T5, pH 4.7, 2419 
camphorated, topical solution, 5668 
TS, 2419 
Phenolated 

calamine topical suspension, 3111 
Phenoldisulfonic acid TS, 2419 
Phenolphthalein, 2408 
paper, 2409 

Phendphthaleln TS, 2419 
Phenolsulfonphthalem, 2378, 7797 
Phenoxybenzamine hydrochioride, 2378, 
5669 

ca ps uf es, 5669 

P hen o xyb e n za m l n e hy d roch lo r Ede 
compounded 
ora! suspension, 5670 

3-Phenoxybenzoic acid, 2378 
2-Phenoxyethanol, 2378 
Phenoxyethanol, 7799 
Phensuximide, 5671 
capsules, 5672 

Phentermine hydrochloride, 5672 
capsules, 5673 
tablets, 5673 

Phentolamine mesylate, 5674 
for injection, 5675 
Phenyl 
ether, 2378 
isocyanate, 2378 
2-Phenylacetamide, 2379 
ł-Phenyl alaninę, 2379, 5676 
df-Phenylalanine, 2379 
Phenylbutazone, 5677 
boluses, 5677 
injection, 5678 
tablets, 5678 
p* Phenyl ened iam i n e 
dihydrochloride, 2379 
hydrochloride, 2379 

o-Phenyienediamine dihydrochloride, 2379 
Phenylephrme 
bi tartrate, 5679 

b i tartrate and i so pro teren o I hydrochloride 
i n hal arion aerosol, 4702 
Diphenhydramine, hydrochloride tablets, 
3810 

hydrochloride, 5681 

hydrochloride, antipyrine, and benzocaine 
otic solution, 2839 
hydrochloride and promethazine and 
coderne phosphate orał solution, 5872 
hydrochloride and promethazine oraf 
solution, 5869 

hydrochloride injection, 5683 
hydrochloride nasal jelly, 5684 
hydrochloride nasal solution, 5684 
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Phenylephrine (continued) 
hydrochloride ophthalmic solution, 5684 
hydrochloride tablets, 5685 
Phenylethyl akohol, 5686 
Phenylglydne, 2379 
Phenyfhydrazlne, 2379 
acetate TS, 241 9 
hydrochloride, 2379 
sulfuric acid TS, 2419 
Phenylmercuric 
acetate, 7799 
nitrate, 7800 

PhenylmeLhylsulfonyl fluoride, 2379 
3-Phenylphenol, 2379 
Pheny Ipropan o la m i ne 
hydrochloride, 5687 
Phenyltoloxamine citrate, 5688 
Pheny toin, 5689 
che wabię tablets, 5691 
sodium, 5692 

sodium ca psuł es, extended, 5693 
sodium capsules, prompt, 5696 
sodium injection, 5697 
orał suspension, 5690 
pH indicator paper, short-range, 2409 
Phloraglucifiol, 2379 
TS, 2419 
Phloxine 8, 2379 

Phosphatase enzyme, alkaline, 2330, 2379 
Phosphate 

acidulated, and sodium fluoride to pica I 
solution, 6190 
buffer, 2340 
diethylamine, 2352 
P 32 solution, sodium, 5699 
P 32 suspension, chromie, 5698 
*n reagents, 2327 
Phospbatic enzyme, 2379 
TS, 2419 

Phosphomolybdic acid, 2379 
TS, 2419 

Phosphoric acid, 2379, 7801 
diiuted, 7801 

and sodium fluoride gel, 6191 
0.05 M TS, 2419 
0.06 M TS, 2419 
10% TS, 2419 
1 N TS, 2419 
20% TS, 2419 
Phosphorous acid, 2380 
Phosphorus 
pentoxide, 2380 
red, 2380, 2386 
Phospholungstic acid, 2380 
TS, 2419 

o-Phthalaldehyde, 2380 
Phthałazrne, 2380 
Phthalic 
add, 2380 
anhydride, 2380 
Phthalimide, 2380 
Phyllanthui amaru 5 t 7131 
powdered, 7133 

Physlcal environments that promote safe 
medication use (1066), 1200 
Physicochemical analytical procedures for 
insulins (1214), 207 

Physicochemical Integra tors and indkators 
for sterilization <1229.9), 1842 
Physostigmine 
salicylate, 5699 
salkylate injection, 5700 
salicylate ophthalmic solution, 5700 
Phytonadione, 5701 
injectable emulsion, 5702 


tablets, 5702 
2-Picoline, 2380 
Picrate TS, aIkalinę, 2412, 2419 
Picric acid, 2380, 2403 
TS, 2419 

Picrolonic acid, 2380 
Pliocarpine, 5703 
hydrochloride, 5705 

hydrochloride ophthalmic solution, 5706 
hydrochloride tablets, 5707 
nitrate, 5708 

nitrate ophthalmic solution, 5708 
ocular system, 5704 
Pimozide, 5709 
tablets, 5710 
P indol o I, 5711 
tablets, 5712 
Pinene 

(+)-alpha, 2380 
beta, 2380 
Pioglitazone 

and glimepiride tablets, 5716 
hydrochforide, 5713 

and metformin hydrochloride tablets, 5720 
tablets, 5715 
Pipemidk acid, 2330 
Piperaciłlin, 5724 
for injection, 5727 
sodium, 5725 

and tazobactam for injection, 5728 
Piperazine, 2380, 5735 
adipate, 5735 
citrate, 5736 
citrate syrup, 5737 
cftrate tablets, 5737 
d i hydrach lo ride, 5737 
phosphate, 5738 
Piperidine, 2380 
Piroxlcam f 5738 
capsules, 5739 
cream, 5740 
Piroxicam compounded 
orał suspension, 5741 
Plan ta go seed, 5 742 
Plasma protein fraction, 5742 
Plasma spectrochemistry (730), 611 
Plasma spectrochemistry—theory and 
practice <1730), 2067 

Plastic materials of construction <66LI), 542 
Pląs Lic packaging systems and their materials 
of construction (661>, 541 
Plastic packaging Systems for pharmaceutical 
use <661.2), 554 
Platinic 

chlorlde, 2380 
chloode TS, 2419 
Platinum 
cobalt TS, 2419 
Podophyflum, 5743 
resin, 5743 

resin topical solution, 5744 
Polacnlin potassium, 7802 
Polarography (801), 746 
Polieies, USP, xxix 
Poloxatene, 5744 
Poloxamer, 7803 
Polycarbophil, 5745 
calcium, 3153 
Polydecene 
hydrogenated, 7805 
Polydextrose, 7807 
hydrogenated, 7809 
Polydimethylsr[óxane, vlscosity 0.65 
centistokes, 2380 


Poły ethy len e 
glycol, 7812 
glycol 200, 2381 
glycol 600, 2381 
glycol 20,000, 2381 
glycol 3350 and electrolytes for orał 
solution, 5748 

glycol monomethyt ether, 7815 
glycol ointment, 7815 
oxide, 7817 

Pofyethylene glycol 3350, 5745 
Polyethylene glycol standards with molecular 
weights of 1000, 2000, 3000, 4000, and 
6000 daltons (g/mol), 2381 
Polyglyceryl 
3 diisostearate, 7821 
dioleate, 7819 
Polyisobutylene, 7822 
Polymyxin 8 
for injection, 5752 

and neomycin sulfates, badtracin, and 
hydrocortisone acetate ointment, 5314 
and neomycin sulfates, badtracin, and 
hydrocortisone acetate ophthalmic 
ointment, 5314 

and neomycin sulfates, badtracin, and 
Jidocaine ointment, 5315 
and neomycin sulfates and badtracin 
ointment, 5313 

and neomycin sulfates and badtracin 
ophthalmic ointment, 5313 
and neomycin sulfates, badtracin zinc, and 
hydrocortisone acetate ophthalmic 
ointment, 5317 

and neomycin sulfates, badtracin zinc, and 
hydrocortisone ointment, 5316 
and neomycin sulfates, badtracin zinc, and 
hydrocortisone ophthalmic ointment, 
5317 

and neomycin sulfates, badtracin zinc, and 
lidocaine ointment, 5318 
and neomycin sulfates and badtracin zinc 
ointment, 5315 

and neomycin sulfates and badtracin zinc 
ophthalmic ointment, 5316 
and neomycin sulfates cream, 5312 
and neomycin sulfates and dexamethasone 
ophthalmic ointment, 5319 
and neomycin sulfates and dexametha$one 
ophthalmic suspension, 5319 
and neomycin sulfates and gramidicin 
cream, 5320 

and neomycin sulfates, gramidicin, and 
hydrocortisone acetate cream, 5321 
and neomycin sulfates and gramidicin 
ophthalmic solution, 5320 
and neomycin sulfates and hydrocortisone 
acetate cream, 5323 

and neomycin sulfates and hydrocortisone 
acetate ophthalmic suspension, 5323 
and neomycin sulfates and hydrocortisone 
ophthalmic suspension, 5322 
and neomycin sulfates and hydrocortisone 
otic solution, 5321 

and neomycin sulfates and hydrocortisone 
otic suspension, 5322 
and neomycin sulfates and lidocaine 
cream, 5323 

and neomycin sulfates ophthalmic 
ointment, 5312 

and neomycin sulfates ophthalmic 
solution, 5313 

and neomycin sulfates, penicilfin G 
procaine, and hydrocortisone acetate 
topical suspension, 5614 
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Po!ymyxin 0 (continued) 
and neomydn sulfates and pramaxlne 
hydrochloride cream, 5324 
and neomydn sulfates and p red ni sol one 
acetate ophthaimic suspension, 5324 
and neomydn sulfates solution for 
irrigation, 5312 

penicillin G, neomydn, hydrocortisone 
acetate, and hydrocortisone sodium 
succjnate topical sus pens ton, 5597 
sulfate, 5750 

sulfate and badtradn topical aerosol, 2939 
sulfate and badtradn zinc topical aerosol, 

5752 

sulfate and badtradn zinc ointment, 2942 
sulfate and badtradn zinc ophthalmic 
ointment, 2943 

sulfate and bacitracin zinc topical powder, 

5753 

su [fale and chloramphenicol ophthalmic 
ointment, 3352 

sulfate and hydrocortisone otic solution, 
5753 

sulfate and oxytetracydine hydrochloride 
ointment, 5538 

sulfate and oxytetracydine hydrochloride 
ophthalmic ointment, 5538 
sulfate and oxytetracydine hydrochloride 
topical powder, 5539 
sulfate and oxytetracydine hydrochloride 
vaginal inserts, 5539 
sulfate and trimethoprim ophthalmic 
solution, 5754 

Potyoxyethylene 1 0 lauryl ether, 2381 
Polyoxyethylene (20) sorbitan mon o la u ratę, 
2381 

Polyoxyełhylenc (23) lauryl ether, 2381 
Polyoxy] 

10 oleyl ether, 7823 

15 hydroxys Leara te, 7824 

20 cetostearyl ether, 7828 

35 castor oil, 7829 

40 hydrogenated castor oil, 7829 

lauryl ether, 7830 

oleate, 7830 

stearate, 7831 

Stearyl ether, 7832 

Polysaccharide molecular weight standards, 
2381 

Polysorbate 
20, 7833 
40, 7834 
60, 7835 
80, 7835 

Polysorbate 80, 2381 
Polystyrene 

cation-exehange resln, 2381 
Polytef, 2381 
Polyvinyl 
acetale, 7837 
acetate dispersion, 7840 
acetate phthalate, 7842 
a I co hol, 2381, 5754 
alcohol and ethylene glycol graft 
copolymer, 7658 

Porosi metry by mercury in truś i on (267), 306 
Porosity by nitrogen adsorptlon-desorptlon 
(268), 309 

Rosi tron emission tomography drugs for 
tompounding, investigational, and 
research uses (823), 758 
P osi tron emission tomography drugs— 
Information (1823) ,2190 
Potash, sulfurated, 5756 


Potassium 

acetate, 2381, 5756 
acetate injection, 5757 
acetate TS, 2419 
alginate, 7843 
alum, 2381, 2660 
arsenate monobasic, 2381 
arsenite, tenth-normal (0.1 N), 2430 
benzoate, 7843 
bicarbonate, 2381, 5757 
bicarbonate effervescent tablets for orał 
solution, 5758 

bicarbonate and potassium chloride for 
effervescent orał solution, 5758 
bicarbonate and potassium chloride 
effervescent tablets for orał solution, 
5759 

bicarbonate, potassium chloride, and 
potassium citrate effervescent tablets for 
orał solution, 5769 
biphosphate, 2381 
biphthalate, 2381 
bismuth iodide TS, 2419 
bisulfate, 2381 
bitartrate, 5760 
bromate, 2382 

bromate, tenth-normal (0.1 N), 2430 
bromide, 2382, 5761 
bromide-bromate, tenth-normal (OJ N), 
2430 

bromide orał solution, veterinary, 5762 
carbonate, 2382, 5762 
carbonate, anhydrous, 2333, 2382 
carbonate TS, 2419 
chi o ratę, 2382 
chloride, 2382, 5763 
chloride extended-release capsuies, 5763 
chloride in dextrose injection, 5766 
chloride in dextrose and sodium chloride 
injection, 5767 

chloride for injection concentratę, 5764 
chloride in lactated Ringeris and dextrose 
injection, 5769 

chloride, potassium bicarbonate, and 
potassium citrate effervescent tablets for 
orał solution, 5769 

chloride and potassium bicarbonate for 
effervescent orał solution, 5758 
chloride and potassium bicarbonate 
effervescent tablets for orał solution, 
5759 

chloride and potassium gluconate orał 
solution, 5780 

chloride and potassium gluconate for ora! 
solution, 5780 

chloride in sodium chloride injection, 5772 
chloride orał solution, 5765 
chloride for orał solution, 5765 
chloride extended-release tablets, 5766 
chloroplatinate, 2382 
chrom a te, 2382 
chromate TS, 2419 
citrate, 5773 

citrate and dtrlc acid orał solution, 5776 
citrate, magnesium carbonate, and citrrc 
acid for orał solution, 4937 
citrate, potassium chloride, and potassium 
bicarbonate effervescent tablets for orał 
solution, 5769 

citrate, potassium gluconate, and 
ammonium chloride orał solution, 5781 
citrate and potassium gluconate ora) 
solution, 5781 
citrate tablets, 71 34 
citrate extended-reiease tablets, 5774 
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cyanide, 2382 
dichromate, 2382 

dichromate, tenth-normal (OJ N), 2430 
dichromate TS, 2419 
ferricyanide, 2382 
ferricyanide TS, 2419 
ferricyanide, twentieth-mofar (0.05 M), 
2431 

ferrocyanide, 2382 
ferrocyanide TS, 2419 
gluconate, 5777 

gluconate and potassium chloride orał 
solution, 5780 

gluconate and potassium chloride for orał 
solution, 5780 

gluconate, potassium citrate, and 
ammonium chloride orał solution, 5781 
gluconate and potassium dtrate orał 
solution, 5781 

gluconate orał solution, 5778 
gluconate tablets, 5779 
guaiacolsulfonate, 5782 
hyaluronate, 2382 
hydrogen sulfate, 2382 
hydroxide, 2382, 7844 
hydroxide, alcoholic, half-normal (0.5 N), 
2420, 2431 

hydroxide, alcoholic, tenth-molar (0 J M), 
2431 

hydroxide, methanolic, tenth-normal (OJ 
M), 2431 

hydroxide, normal (1 N), 2431 
hydroxide T5, 2419 
hydroxide 2 N TS, 2420 
hydroxide TS, alcoholic, 2420 
hydroxide TS 2, alcoholic, 2420 
to datę, 2382 

todate, twentieth-molar (0.05 M), 2431 
iodide, 2382, 5782 
Iodide and iodine TS 1, 2416 
iodide and iodine TS 2, 2416 
iodide and iodine TS 3, 2416 
iodtde orał solution, 5783 
iodide and starch TS, 2420 
iodide tablets, 5783 
iodide delayed-release tablets, 5784 
iodide TS, 2420 
iodide 20% TS, 2420 
lodoplatinate TS, 2420 
metabisulfite, 2382, 7846 
metaphosphate, 7846 
nitrate, 2382, 5784 
nitrate solution, 5785 
nltrite, 2382 
perchlorate, 2382, 5786 
perchlorate capsuies, 5786 
periodate, 2382 
permanganate, 2382, 5786 
permanganate, tenth-normal (OJ N), 
2420, 2432 

permanganate TS, 2420 
persulfate, 2382 

phosphate, dibaslc, 2351, 2382, 5787 
phosphate, dibaslc, trihydrate, 2382 
phosphate, monobasic, 2372, 2381, 2382, 
7847 

phosphate, tri basie, 2383 
phosphates injection, 5788 
pyroantimonate, 2383 
pyroantimonate TS, 2420 
pyro phosphate, 2383 
pyrosulfate, 2383 

and sodium blcarbonates and citrfc actd 
effervescent tablets for orał solution, 
5759 
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Potassium (continued) 
sodium tartrate, 2383, 5789 
sorbate, 7848 
sulfate, 2383 
sulfate TS, 2420 
tellurite, 2383 
thiocyanate, 2383 

thiocyanate, tenth-normal (0.1 N), 2432 
thiocyanate T5, 2420 
0,025 N Potassium dichromate VS, 2430 
Potassium hydroxide 
1,8 N T5 # 2420 
45% T5, 2420 
Potassium phosphate 
0.02 M TS, 2420 
0.2 M TS, 2420 
Po ta to starch, 2383, 7920 
Povidone, 5789 
Povidone-iodine, 5792 
to pi cal aerosol, 5793 
deansing solution, 5793 
ointment, 5793 
topical solu tion, 5794 


Powder 

Absorbable dusting, 3926 
Ampidlfin soluble, 2808 
Amprolium soluble, 2814 
Astragalus root, 6815 
Bacitracin methylene disa li cytatę soluble, 
2939 

Bacitracin zinc soluble, 2942 
Banaba leaf, 6827 

Ch tart e trący d i ne and sulfamethazine 
bisulfates soluble, 3396 
Chlortetracydine hydrochloride soluble, 
3397 

Compound dioqulnol topical, 3488 
Cromolyn sodium inhatation, 3588 
Fenugreek seed, 6955 
FI uli ca sonę pro pion ate and salmeterol, 
inhalation, 4309 

Fluticasone proplonate inhalation, 4293 
Canoderma lucidum fruiting body, 6978 
Iron, 2365 

Japanese honeysuckle flower, 7060 
Levothyroxine sodium orał, 4842 
Lmcomydn hydrochloride soluble, 4858 
Methytbenzethonium chloride topical, 
5096 

Miconazole nitrate topical, 5165 
Neomydn sulfate, isoflupredone acetate, 
and tetracaine hydrochlorlde topical, 
5310 

Northern schisandra frutt, 7187 
Nystatin topical, 5402 
Orał, containing at least three of the 
following—acetaminophen and (salts of} 
chlorpheniramine, dextromethorphan, 
and pseudoephedrine, 2555 
Oxytetracycline hydrochloride and 
polymyxin B sutfate topical, 5539 
Oxytetracydme hydrochloride soluble, 
5536 

Polymyxin S sutfate and bacitracin zinc 
topical, 5753 

St. Iohn'5 wort flowerrng top, 7168 
Salmeterol inhalation, 6096 
Sodium bicarbonate orał, 6178 
Soy isof!avones, powdered extract, 7196 
Sulfadimethoxine soluble, 6260 
Tetracycline hydrochloride soluble, 6405 


Tlenchi ginseng root and rhizome, 7216 
Tolnaftate topical, 6518 


Powdered 

American ginseng, 6787 
American ginseng extract, 6789 
andrographis, 6795 
andrographis extract, 6797 
ashwagandha root, 6802 
ashwagandha root extract, 6804 
Asian ginseng, 6807 
Asian ginseng extract, 6808 
bilberry extract, 6834 
black cohosh, 6838 
black cohosh eatract, 6840 
black pepper, 6847 
black pepper extract, 6849 
cat J s da w, 6869 
cat's daw extract, 6871 
cellulose, 7593 
Chinese salvia, 6894 
digitalis, 3762 
Echinaceo angustifoiia, 6926 
Echinoceo angustifoiia extract, 6928 
Echinaceo pollida , 6933 
Echinaceo paliida extract, 6935 
Echinaceo purpurea , 6942 
Echinacea purpurea extract, 6944 
eleuthero, 6948 
eleuthero extract, 6950 
fenu greek seed, extract, 6958 
feverfew, 6961 
gariic, 6989 
garlie extract, 6991 
ginger, 6997 
ginkgo extract, 7005 
goldenseal, 7027 
goldenseal exlra:t, 7029 
green tea extract, decaffeinated, 7032 
gymnema, 7040 
hawthom leaf w th flower, 7046 
holy basil leaf, 7051 
holy basil leaf extract, 7053 
horse chestnut, 6889 
horse chestnut extract, 6891 
ipecac, 4668 
licorice, 7073 
licorice extract, 7074 
Mafabar-nut4ree, leaf, 7089 
mifk thfstle, 7107 
milk thistle extract, 7109 
opium, 5450 
Phyłlanthus amant s, 71 33 
rauwolfla serpentina, 5980 
Rhodiola rosea , 7151 
Rhodiaia rosea extract, 7152 
rosemary, 7161 
saw palmeito, 7177 
stlnging nettle, 7210 
stinging nettle eatract, 7211 
turmeric, 7230 
turmeric extract, 7232 
yaferian, 7240 
va1erian extract, 7241 
zinc chloride, anhydrous, 2406 
Powder fineness (811), 750 
Powder ftaw (1174), 1602 
Pralidoxime 
chloride, 5794 
chloride for injection, 5795 
Pramipexofe dihydrochloride, 5795 


Pramoxine 
hydrochloride, 5798 
hydrochloride cream, 5798 
hydrochloride jelly, 5799 
hydrochloride and neomydn and 
polymyxin B sulfates cream, 5324 
Pravastatin sodium, 5799 
lablets, 5801 
Praziguantel, 5803 
tablets, 5804 

Prazosin hydrochloride, 5805 
capsules, 5807 
Prednicarbate, 5808 
cream, 5809 
ointment, 5810 
Prednisolone, 5811 
acetate, 5814 

acetate and gentamicin ophthalmic 
ointment, 4397 

acetate and gentamiein ophthalmic 
suspension, 4197 

acetate injectable suspension, 5815 
acetate and neomydn and polymyxin B 
sulfates ophthalmic suspension, 5324 
acetate and neomydn sulfate ophthalmic 
suspension, 5326 

acetate ophthalmic suspension, 5815 
acetate and sulfacetamide sodium 
ophthalmic ointment, 6252 
acetate and sulfacetamide sodium 
ophthalmic suspension, 6253 
cream, 5812 
hemisucdnate, 5816 
penicillin C procaine, and 
dihydrostreptomycin sulfate injectable 
suspension, 5614 
sodium phosphate, 5817 
sodium phosphate injection, 5819 
sodium phosphate ophthalmic solution, 
5820 

sodium succinate for injection, 5820 
orał solution, 5813 
tablets, 5813 
tebutate, 5821 

tebutate injectable suspension, 5821 
tetracycline hydrochloride and novobfocin 
sodium tablets, 6409 

Prednisolone compounded orał suspension, 
yeterinary, 5816 
Prednisolone sodium phosphate 
compounded 
orał solution, 5818 
Prednisone, 5822 
injectable suspension, 5823 
orał solution, 5823 
tablets, 5824 
Preface 

and mission, vii 
Pregnenolone acetate, 2383 
Prekallikrein actwator (165), 241 
Preparation of biologieaf spęd mens for 
hlstologic and immunohistochemlcal 
analysis (1285), 1978 
Prescription balances and vo!umetric 
apparatus <1176), 1607 
Prescription Container labeling (17), 107 
Prilocaine, 5825 

and epinephrine injection, 5828 
hydrochloride, 5826 
hydrochloride injection, 5827 
and lidocaine cream, 4854 
Primaguine phosphate, 5829 
tablets, 5830 
Primidone, 5831 
orał suspension, 5832 
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Primidone (continued) 
tablets, 5833 
Probenecid, 5834 

and ampioillin for orał suspension, 2811 
and colcbidne tablets, 5835 
tablets, 5835 
Probucof, 5837 
tablets, 5838 

Procatnamlde hydrochloride, 5838 
capsules, 5839 
injection, 5840 
tablets, 5840 

extended-refease tabfets, 5840 
Procaine 

hydrochloride, 5842 

hydrochloride and epinephrine injection, 
5843 

hydrochloride łnjecrion, 5843 
and propoxycalne hydrochlorides and 
Eevonordefrin injection, 5889 
and propoxycalne hydrochlorides and 
norepinephrine bitartrate injection, 5890 
and tetracaine hydrochlorides and 
levonordefrin injection, 5844 
Proearbazine hydrochloride, 5845 
capsules, 5845 
Prochforperazine, 5846 
edisylate, 5848 
edisylate injection, 5848 
maleate, 5849 
maleate tablets, 5850 
orał soiution, 5846 
su ppo sitar ies, 5847 
Procydidine hydrochloride, 5852 
tablets, 5852 

Products for nebutization—characterization 
tests (1601), 1984 
Progesterane, 5853 
Injectabłe suspension, 5855 
injection, 5854 

intrauterine conlraoeptive system, 5854 
vaginal suppositories, 58 56 
Progu ani I hydrochloride, 5857 
Proline, 5859 

Promazine hydrochloride, 5860 
Injection, 5861 
orał soiution, 5861 
syrup, 5862 
tablets, 5862 
Promethazine 

and phenyfephhne hydrochloride and 
codeine phosphate orał soiution, 5872 
and phenylephrine hydrochloride orał 
sotution, 5869 

Promethazine hydrochloride, 5862 
injection, 5864 
orał soiution, 5865 
suppositories, 5866 
tablets, 5867 

P ropa fen one hydrochtoride, 5875 
extended-release capsules, 5876 
tablets, 5880 
Propane, 7848 
Propanediol, 7849 
Propantheline bromide, 5882 
tabiets, 5883 

Proparacaine hydrochloride, 5884 
and fluorescein sodium ophthalmic 
soiution, 4249 
ophthalmic soiution, 5885 
Propelfants (602), 498 
Propionaldehyde, 2383 
Propionic 
acid, 7851 
anhydride, 2383 


Propionic acid, 2383 
Propiophenonę, 2383 
Propofol, 5885 
injectabłe emulsion, 5887 
Propoxycaine 
hydrochloride, 5889 
and procaine hydrochlorides and 
levonordefrin injection, 5889 
and procaine hydrochlorides and 
norepinephrine bitartrate injection, 5890 
Propranolol hydrochloride, 5891 
extended-re!ease capsules, 5892 
and hydrochlomthiazide tablets, 5895 
injection, 5894 
tablets, 5895 
/so-Propyl alcohol, 2383 
n-Propyl alcohol, 2330, 2383 
Propyl gallate, 7852 
Propylaminę hydrochloride, 2383 
P ro py len e 
carbonate, 7852 
glycol, 5897 
glycol alginate, 7853 
glycol dicaprylate/dicaprate, 7854 
glycol dilaurate, 7854 
glycol monocapryiate, 7855 
glycol monolaurate, 7856 
glycol monostearatę, 7858 
Propyihexedrine, 5898 
inhafant, 5899 
Pro pyli odo ne, 5899 
injectabłe oil suspension, 5899 
Propylparaben, 7859 
sodium, 7860 
Propylthiouracil, 5900 
orał suspension, 5900 
tabiets, 5901 
Protaminę sulfate, 5902 
injection, 5903 
Protein 

mołecular weight standard, 2383 
standard soiution (8 g/dL), 2383 
Protein A guality altributes (130), 227 
Protem determination procedures (507), 395 
Protocatechuic acid, 2383 
Protriptyline hydrochloride, 5904 
tablets, 5904 
Pseudoephedrine 

chlorpheniramine, dextromethorphan (salts 
of), and acetaminophen, capsules 
containing at least three of the 
following, 2552 

chlorpheniramine, dextromethorphan (saits 
of), and acetaminophen, orał powder 
containing at least three of the 
following, 2555 

chlorpheniramine, dextromethorphan (salts 
of), and acetaminophen, orał soiution 
containing at least three of the 
following, 2557 

chlorpheniramine, dextromethorphan {salts 
of) and acetaminophen, tablets 
containing at least three of the 
following, 2559 

and diphenhydramine capsules, 3813 
hydrochloride, 5905 
hydrochloride, acetaminophen, 
dextromethcrphan hydrobromide, and 
doxylamme succinate orał soiution, 2567 
hydrochloride, acetaminophen, and 
diphenhydramine hydrochloride tablets, 

2570 

hydrochloride and acetaminophen tablets, 

2571 
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hydrochloride extended-release capsules, 
5906 

hydrochloride, carbinoxamine maleate, 
and dextromethorphan hydrobromide 
orał soiution, 5910 
hydrochloride and chłorpheniramine 
maleate extended-release capsules, 3389 
hydrochloride and chlorpheniramine 
maleate orał soiution, 3390 
hydrochloride and guaiFenesin capsules, 
4454 

hydrochloride, gualfenesin, and 
dextromethOrphan hydrobromide 
capsules, 4455 

hydrochloride and ibuprofen tablets, 4559 
hydrochloride orał soiution, 5907 
hydrochloride tablets, 5907 
hydrochtoride extended-refease tablets, 
5908 

hydrochloride and cetrizine hydrochtoride 
extended-reiease tablets, 3338 
hydrochloride and fexofenadine 
hydrochloride extended-release tablets, 
4189 

sulfate, 5911 

sulfate and brompheniramine maleate orał 
soiution, 3060 

sulfate and dexbrompheniramine maleate 
ora i sotution, 3684 
and triprolidine hydrochlorides orał 
soiution, 6606 

and triprolidine hydrochlorides tablets, 
6606 
Psyllium 

hemicellulose, 5912 
husk, 5914 

hydrophilic mudlloid for orał suspension, 
5915 

Pullulan, 7861 
Pullulanase, 2383 

5,800, 23,700, and 100,000 mołecular 
weight (MW) pullufan stan dard s, 2372 
Pumtce, 2384, 5915 
Pure steam, 6719 
Purine, 2384 
Purpurea 

extract, powdered Echinacea, 6944 
powdered Echtnacea , 6942 
root, Echinaceo, 6940 
PuUesdne di hydrochloride, 2384 
Pygeum, 7135 
capsules, 7138 
extract, 71 36 
Pyranteł pamoate, 5916 
and ivermectln tabiets, 4737 
orał suspension, 591 7 
Pyrantel tartrate, 5918 
Pyrazinamide, 5919 
rifampin, isoniazid, and ethambutol 
hydrochloride tabiets, 601 3 
rifampin and isoniazid tablets, 6012 
orał suspension, 5920 
tablets, 5920 
Pyrazole, 2384 
Pyrene, 2384 
Pyrethfum extract, 5921 
4-(2-PyritJyłazo)re sorci nol, 2385 
Pyridine, 2385 
dried, 2385 

Pyridine-pyrazolone TS, 2420 
Pyridostigmine bromide, 5922 
injection, 5922 
orał soiution, 5923 
tablets, 5923 
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Pyridoxal 

hydrochloride, 2385 
5-phosphate, 2385 
Pyndoxamine di hydrochloride, 2385 
Pyridoxfne hydrochloride, 5924 
injection, 5925 
tablets, 5926 

1 -(2'Pyridylazo)-2-naphthoI, 2385 
3 -{2- Pyr! dy ))-5,6 -d j(24u ry I) -1,2,4 - tr iazin e-5', 
5"-di$ulfonic add, disodium salt, 2385 
Pyrilamine maleate, 5927 
tablets, 5928 
Pyrimethamtne, 5928 
and sulfadoxme tablets, 6263 
orał suspension, 5929 
tablets, 5930 
Pyrogallol, 2385 
TS, alkafine, 2420 
Pyrogen test (151), 234 
Pyroxylin, 5930 
Pyrrole, 2385 
Pyruvic add, 2385 
Pyrvinium pamoate, 5931 
orał suspension, 5931 
tabfets, 5932 


Q 

Qyality assurance in pharmaceutical 
compounding <T 163), 1593 
Quallty attributes of tablets fabeled as having 
a functional score (705>, 586 
Quality of biotechrcologkial products 
analysis of the expression construct in ceffs 
used for produetion of r-DNA derived 
protein products (1048), 1060 
stabrfity testing of biotechnological/ 
biologjcal products (1049), 1062 
Quantitative fiJter paper, 2385 
Quazepam, 5933 
tablets, 5933 
Quercełin, 7140 
Quetiapine 
tablets, 5934 

extended-refease tablets, 5937 
Quetiapine fumarate, 5939 
Qu i na Id In e red, 2408 
TS, 2420 
Quinapril 

hydrochloride, 5941 
and hydrochlorothiadde tablets, 5942 
tablets, 5944 
Quinhydrone, 2385 
Quinidine gfuconate, 5946 
Jnjection, 5947 

extended-release tablets, 5948 
Quinktine sulfate, 5950 
ca psu fes, 5951 
orał suspension, 5952 
tablets, 5953 

extended-release tablets, 5954 
Quinine sulfate, 5956 
capsules, 5957 
tablets, 5958 
Quinone, 2386 
TS, 2420 


Rabeprazole 
sodium, 5961 
Ra bies 

immune globulin, 5962 
Racemethionine, 7862 
Racemic 

catdum pantothenate, 3148 
Racepinephrine, 5963 
hydrochloride, 5964 
Inhalation sofuton, 5963 
Ractopamine hydrochloride 
suspension, 5964 

Radiation sterilizalion (1229.10), 1843 
Radioactivfty (821), 751 
Ra dioactivity-^theory and practice (1821) 


Radiopharmaceutlcals 

C 13, urea, 3199 
C 13, urea for orał solution, 3200 
C 14, urea capsules, 3201 
Cr 51, sodium chrom a te injection, 3407 
Cr 51, chromium edetate injection, 3407 
Co 57, cya no co ba lamin capsules, 3539 
Co 57, cyanocoba lamin orał solution, 3539 
Co 58, cyanocobalamin capsules, 3540 
F fludeoxyglucose Injection, 4250 
F 18, sodium flLoride injection, 4251 
Ga 67 injection, gallium citrate, 4379 
Indium !n 111 capromab pendetide 
injection, 4589 

Indium In 111 chforide solution, 4589 
Indium In 111 ibritumomab tluxetan 
injection, 4591 

Indium In 111 oxyquinoJine solution, 4591 
Indium In 711 pentetate injection, 4592 
Indium In 11 ? pentetreotide injection 
4593 

Indium In 111 satumomab pendetide 
injection, 4593 

I 123, iobenguane injection, 4632 
i 723, iodohippurate sodium injection, 

4634 

I 123, sodium iodide capsules, 4635 
I 123, sodium iodide solution, 4636 
I 7 25, iodinated albumin injection, 4636 
I 125, jothalamate sodium injection, 4637 
I 131, iodinated albumin aggregated 
injection, 4638 

I 131, iodinated albumin injection, 4637 
I 131, iobenguane injection, 4633 
I 131, iodohippurate sodium injection, 

4636 

I I 31, rosę bengal sodium injection, 4639 
I 131, sodium iodide capsules, 4640 
I 131, sodium iodide solution, 4640 
Krypton Kr 81 m, 4757 
N 13, ammonia njection, 5369 
P 32, chromie phosphate suspension, 5698 
P 32, sodium phosphate solution, 5699 
Rubidium chloride Rb 82 injection, 6082 
Samarium Sm 153 lexrdronam injection 
6106 

Sr 89 injection, strontium chloride, 6235 
Technetium Tc 99m albumin aggregated 
injection, 6332 

Technedum Tc 99m albumin colloid 
injection, 6333 

Technetium Tc 99m albumin injection, 

6331 


Technetium Tc 99m apcitlde injection, 

6335 

Technetium Tc 99m arcitumomab 
injection, 6335 

Technetium Tc 99m blcisate injection, 

6336 

Te c 337 tiUm Tc 99m depreotide injection, 

Technetium Tc 99m disofenin injection, 

6337 

TechneLium Tc 99m etidronate injection, 

6338 

Technetium Tc 99m exametazime 
jnjection, 6338 

Technetium Tc 99m gfuceptate injection, 

6340 

Technetium Tc 99m lidofenin injection. 

6341 

Technetium Tc 99m mebrofenin injection, 

6342 

Technetium Tc 99m medronate injection, 

6343 

Technetium Tc 99m mertiatlde injection, 

6344 

Technetium Tc 99m nofetumomab 
merpentan injection, 6345 
Technetium Tc 99m oxidronate injection, 

6345 

Technetium Tc 99m pentetate injection, 
6345 

Technetium Tc 99m pertechnetate 
injection, sodium, 6346 
Technetium Tc 99m pyrophosphate 
injection, 6348 

Technetium Tc 99m (pyro- and trimeta-) 
phosphates injection, 6348 
Technetium Tc 99m red blood cells 
injection, 6349 

Technetium Tc 99m sestamibi Injection, 

6349 

Technetium Tc 99m succimer injection 

6350 

Technetium Tc 99m sulfur colloid injection, 

6351 

Technetium Tc 99m tetrofosmin injection 

6352 

Thallous chloride Tl 201 injection, 6415 
Xenon Xe 127, 6722 
Xenon Xe 133, 6722 
Xenon Xe 133 tnjeaion, 6722 
Yttrium Y 90 ibritumomab tluxetan 
injection, 6730 

Raioxifene hydrochloride, 5966 
tablets, 5967 

Raman spectroscopy (1120), 1461 
Ramipril, 5970 
capsules, 5971 
Ranitidine 

hydrochloride, 5973 
injection, 5975 

in sodium chloride injection, 5978 
orał solution, 5976 
tablets, 5977 
Rapeseed oil 

fully hydrogenated, 7863 
superglycerinated fully hydrogenated 
7864 

Rat tali collagen, 2348 
Rauwolfia serpent ma, 5979 
powdered, 5980 
tablets, 5981 
Rayon, 2386 
purified, 5987 
Rb 82 

injection, rubidium chloride, 6062 
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Readily carbomzabfe su bs tan ces test (27 i), 
BI 4 

Reagent*, 2324 
arsenie in, 2324 

boiling or distiEEfng rangę for, 2324 
chforide m, 2325 
flame photometry for, 2325 
generał test* for, 2324 
heavy metals in, 2326 
indkators and Solutions, 2323 
insoluble matter in, 2326 
loss on drying for, 2326 
nitrate in, 2327 
nitrogen compounds in, 2327 
phosphate in, 2327 
residue on ignition in, 2327 
sulfate in, 2327 
Re eta I solution 
aminophylline, 2741 
sodium phosphates, 6203 
Red 

80, dtrect, 2386 
phosphorus, 2386 
Red-cell lysing agent, 2386 
Reference standards 
USP (11), 104 
Reference tables, 2443 
Alcoholometric, 2523 
Atomie weights, 2521 
Container specifkations for capsules and 
tablet*, 2443 

Description and relative solubility of USP 
and NF articles, 2453 
Intrinsic ylscosity table, 2525 
Relative atomie masses and haJf-lives of 
selected radtonudides, 2522 
Solubilities, 2513 
Refraetive index (831), 768 
Rehydration salts, orał, 5981 
Relative atomie masses and halMive$ of 
selected radio nu cl i des, 2522 
Repagimide, 5983 
tablet*, 5985 
Resazurin (sodium), 2386 
Reserpine, 5987 

and chiorothiazide tabiets, 5990 
and hydro chiorothiazide tabiets, 5992 
injection, 5987 
orał solution, 5988 
tabJets, 5989 

Residua! hosl celi protein measurement in 
biopharmaceuticals {1132), 1511 
Residual sokents {467), 369 
Residue on ignition (281}, 314 
Residue on ignition in reagents, 2327 


Resin 

Anion-exehange, 50- to 100-mesh, 
styrene-divlnylbenzene, 2333, 2396 
Anion-exchangę, chloromethyIated 
polystyrene-divinylbenzene, 2333, 2346 
Amon-exc hangę, strong, lightly cross - 
linked, in Łhe chforide form, 2333 
An i o rvex ch an ge, Sty ren e- d i vi ny I ben zen e, 
2333 

Capsicum oleoresin, 3170 
Carboxylate (sodium form) cation- 
exchange (50- to 100-mesh), 2344 
Cation-exchange, 2344 
Cation-exchange, carboxylate (sodium 
form) 50- to 100-mesh, 2344 
Cation-exehangę, polystyrene, 2344, 2381 


Cation -ex change, s tyrene-d iv i ny I benzene, 
2344 

Cation-exc ha ng e, sty re ne-d i v iny I ben ze ne, 
strongly acidic, 2345, 2396 
Cation-exchange, sulfonie acid, 2345, 
2396 

Chloromethylated polystyrene- 
divinylbenzene anion-exchange, 2346 
Cholestyramine, 3404 
lon-exchange, 2365 
Podophyllum, 5743 
Podophyllum topical solution, 5744 
Polystyrene ca:ion*exchange, 2381 
S tyrene-d i vi ny Ibenzen e an io n-exch an g e, 
50- to 100-mesh, 2396 
Styrene-divtnyIbenzene cation-exthange, 
strongiy acidk, 2396 
Sulfonie acid cation-exchange, 2396 


Resorcinol, 5993 
monoacetate, 5995 
ointment, conrpound, 5994 
and sulfur topical suspenston, 5994 
TS, 2420 

6Z-retinoie acid, 2386 
Retinyl palmitate, 2386 
Reverse Iranscriptase, 2386 
Rheometry (1911), 2238 
Rhodamine 6G, 2386 
Rhodamine B, 2386 
Rhodiola rosea, 7 149 
capsules, 7155 
extract, 7152 
powdered, 7151 
tabiets, 7157 
tincture, 7T54 
Ribavirin, 5995 
capsules, 5996 
for inhafation solution, 5998 
tabiets, 5999 
Ribof1avin, 6001 
assay (481), 386 
injection, 6002 
5'-phosphate sodium, 6003 
tabiets, 6002 

Ribonuclease inh bttor, 2386 
Ribose, 7159 
Rifabutin, 6005 
capsules, 6006 
orał suspens i on, 6006 
Rifampin, 6007 
capsules, 6008 
for injection, 6009 
and isoniazid capsules, 6010 
isoniazid, pyrazinamide, and ethambutol 
hydrochlonde tabiets, 6013 
isoniazid, and pyrazinamide tabiets, 6012 
orał suspension, 6010 
REluzole, 6014 
tabiets, 6015 

Rimantadine hydrochlonde, 6016 
tabiets, 601 7 
Rimexolone, 6013 
ophthalmic suspension, 6019 
Ringei^s 

and dextrose injection, 6021 
and dextrose injection, half-strength 
lactated, 6028 

and dextrose injection, lactated, 6025 
and dextrose injection, modified lactated, 
6030 

Injection, 6019 
injection, lactated, 6023 


irrigation, 6032 

lactated, and dextrose injection, potasslum 
chforide En, 5769 
Risedronate sodium, 6033 
tabiets, 6035 
Risperidone, 6036 
orał solution, 6038 
tabiets, 6039 

orally disintegrating tabiets, 6041 
Ritodrine hydrochlodde, 6042 
injection, 6043 
tabiets, 6044 
Ritonavir, 6044 
capsules, 6047 

and lopinavir orał solution, 4886 
and lopinavir tabiets, 4890 
orał solution, 6050 
tabiets, 6054 
Rivastlgmlne, 6056 
RIvastigmine tartratę, 6058 
capsuies, 6059 
Rizatriptan benzoate, 6061 
tabiets, 6062 

orally disintegrating tabiets, 6064 
Rocuronium bromide, 6066 
Ropinirole 
tabiets, 6068 

extended-release tabiets, 6070 
Ropinirole hydrochforide, 6073 
Ropivaeaine hydrochlonde, 6076 
injection, 6078 
Rosę 

bengal sodium, 2386 

bengal sodium I 131 injection, 4639 

oil, 7866 

water ointment, 6079 
water, stronger, 7866 
Rosiglrtazone małe a te, 6080 
Roxarsone, 6081 

Rubidium chlonde Rb 82 injection, 6082 
Rufinamide, 6083 
tabiets, 6084 

Rules and procedures, xxix 
Ruthenium red, 2386 
T5, 2420 
Rutin, 7164 


S 

Sabinene, 2386 
Saccharin, 7866 
calcium, 6087 
sodium, 6088 
sodium ora! solution, 6090 
sodium tabiets, 6090 
Saccharose, 2386 
Safftower oil, 6091 
Safranin O, 2386 

5L John's wort flowering top, 7166 
dry extract capsules, 7172 
extract, dry, 7169 
powder, 7168 
dry extract tabJets, 7173 
Salicylaldazine, 2387 
Salicyl aldehyd e, 2387 
Salicylamide, 6092 
Sallcylic acid, 2387, 6093 
and benzok adds ointment, 2984 
collodion, 6094 
gel, 6095 
plaster, 6095 
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Salicylic acid (continued) 
topicaj foam, 6095 
and zinc pastę, 6754 
Salinę TS, 2391, 2420 
pyrogen-free, 2420 
Safmeterol 

fiu lica sonę propionate, inhalation aerosol, 
4303 

fluticasone propionate, inhalation powder, 
4309 

inhalation powder, 6096 
Salmeterol xinafoate, 6101 
Salsalate, 6102 
capsules, 6104 
tablets, 6105 
Salt 

octanesuJfonic acid sodium, 2375, 2393 
Saits of organie nitrogenous bases (501), 392 
Samarium Sm 153 lexidronarn Injection, 

6106 

Sand 

standard 20- to 30-mesh, 2387, 2395 
washed, 2387, 2405 
Saquinavir mesyłate, 6106 
capsules, 6107 
Sargramostim, 6108 
for mjeetton, 6110 
Sawdust, purified, 2387 
Saw palmetto, 71 75 
capsules, 7181 
extract, 7179 
powdered, 7177 
Scaffold 

bovine dermis, 6113 
human dennis, 6115 
porclne bfadder, 6119 
sifk fibroin, 6123 
Scandium oxide, 2387 
Scanning electron mieroscopy (1181), 1641 
Schlzochytrium oil, 7189 
capsules, 7191 
Schweitzer'* reagent, 2420 
Scopolamine hydrobromide, 6127 
fnjection, 6128 
ophthalmic solution, 6128 
tablets, 6129 
S designations, 2386 
Secobarbltal, 6129 
sodium, 6129 
sodium capsules, 6131 
sodium injection, 6132 
sodium for injection, 6132 
sodium and amobarbital sodium capsules, 
6133 

Secondary butyl alcohol, 2387 
Selamectln, 6133 
Selegiline hydrochloride, 6135 
capsules, 6136 
tablets, 6137 

Selegiline hydrochloride compounded 
topical gel, 6138 
Selenious add, 2387, 6139 
injection, 6139 
Selenium, 2387 
sulfide, 6140 

sulfide topical suspension, 6140 
Selenium (291>, 315 
Selenometbionine, 2387, 7194 
Semisolid drug products—performance tests 
(1724), 2055 
Senna 

fluidextract, 6142 
leaf, 6141 
pods, 6142 
orał solution, 6143 


Sennosldes, 6143 
tablets, 6145 

Sensitization testing <1184), 1651 

Serine, 6146 

Sertraline 

hydrodiloride, 5146 
hydrochloride orał solution, 6149 
hydrochloride tablets, 6150 
Sesame oil, 7868 
5evoflurane, 6152 

Shear celi methodology for powder flow 
testing (1063), 1175 
Shellac, 7869 

Sibutramine hydrodiloride, 6154 
Significant changę guide for bulk 
pharmaceutical exdpients (1195), 1667 
Slldenafil 
tablets, 6156 
Slldenafil citrate, 6157 
orał suspension, 6159 
Silica 

calcined diatomaceous, 2387 
chromatograpbic, silanized, flux-ca1cined, 
acid-washed, 2387 
cofloidal, hydrophobic, 7872 
dentai-type, 7 871 
gel, 2387 

gel, binder-free, 2347, 2388 
gel, chromatographic, 2347, 2388 
geMmpregnated glass microfiber sheet, 
2388 

gel mixture, chromatographic, 2347, 2388 
gel mixture, chromatographic, with 
chemically bound amino groups, 2388 
gel mixture, dimethylsilanized, 
chromatographic, 2388 
gel mixture, octadecylsilanlzed 
ch ro ma tog ra ph i c, 2388 
gel mixture, octylstlanized, 
chromatographic, 2388 
gel, octadecylsilanrzed chromatographic, 
2388 

gel, porous, 2388 
microspheres, 2388 
Siliceous earth 

chromatographic, 2347, 2388 
chromatographic, silanized, 2347, 2388 
purified, 7873 
Silicie 
add, 2388 

acid—impregnated glass microfifament 
sheets with fluorescent indicator, 2388 
Silicon 

Carbide, 2388 
dioxide, 7873 
dioxide colloidal, 7874 
Silicone 

75 percent phenyl, methyl, 2388 
Silicotungstk acid, mhydrate, 2389 
Silicified 

microcrystalline cellulose, 7591 
Sitoer 

diethyldithiocarbamate, 2389 
diethyldithiocarbamate TS, 2420 
nitrate, 2389, 6159 
nitrate ophthalmic solution, 6160 
nitrate, tenth-norma) (OJ N), 2420, 2432 
nitrate, tough ened, 6160 
nitrate TS, 2420 
oxide, 2389 

Silver-ammonia-nitratę TS, 2420 
Silver-^ammonium nitrate TS, 2420 
Silver nitrate ' 

0,002 N VS, 2432 
0.05 N VS, 2432 


SHver sulfate, 2389 
Simethicone, 6160 

alumina, magnesia, and calcium carbonate 
che wabię tablets, 2664 
alumina and magnesia orał suspension, 
2666 

alumina and magnesia chewable tablets, 
2668 

calcium carbonate and magnesia chewable 
tablets, 3131 
capsules, 6161 
emulsion, 6162 

and maga Id ratę chewabte tablets, 4933 
and magaldrate orał suspension, 4932 
orał suspension, 6163 
tablets, 6163 

Simulated gastric fluid TS, 2420 
Simulated intestlnal fluid TS, 2420 
5imvastatin, 6164 
tablets, 6165 

Single-steroid assay (511), 400 
SipuleucebT, 6167 
Sisomidn suffate, 6169 
injection, 6169 
Sitagliptin 
phosphate, 6171 
tablets, 6169 
^Sitosterol, 2389 

5ix-month implementation guideline, ii 
Sm 153 lexidronam injection, samarium, 

6106 

Soda limę, 2389, 7874 
Sodium, 2389 
acetate, 2389, 6172 
acetate, anhydrous, 2333, 2389 
acetate injection, 6173 
acetate solution, 6173 
acetate TS, 2420 
alendronate, tablets, 2622 
alginate, 7875 
alizarinsulfonate, 2389 
alizarinsulfonate TS, 2420 
aminoacetate TS, 2420 
ammonium phosphate, 2389 
arsenate, 2389 
arsenite, 2389 

arsenite, twentieth-molar (0.05 M), 2432 
ascorbate, 6174 
azide, 2390 
benzoate, 7876 

benzoate and caffeine injection, 3109 
bicarbonate, 2390, 6174 
bicarbonate injection, 6178 
bicarbonate and magnesium carbonate for 
orał suspension, 4937 
bicarbonate orał powder, 6178 
bicarbonate tablets, 6178 
biphenyl, 2390 
biphosphate, 2390 
bis uf fi te, 2390 
bisuffite TS, 2420 
bitartrate, 2390 
bitartrate TS, 2421 
borate, 2390, 7877 
borohydride, 2390 
bromide, 2391, 6178 
bromide injection, veterinary, 6179 
bromide orał solution, veterinary, 6180 
butyrate, 6180 
caprylate, 7877 
carbonate, 2391, 7878 
carbonate, anhydrous, 2333, 2391 
carbonate, citric add, and magnesium 
oxide irrigation, 3458 
carbonate, mon o hydra te, 2391 
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Sod 3 um (continued) 
carbonate TS, 2421 
carboxymethylcellulQ5e, 3207 
ca rb oxy m et hyI cel 1 u I os e, and 
microcrystalline cellułose, 7591 
ca rb oxy me thyl cellułose, pastę, 3207 
carboxymethyicellulose, tablets, 3208 
12, carbQxymetbyfcellufose, 7580 
cefazolln, 3252 
cefmetazole, 3271 
cefoperazone, 3274 
cefotaxime, 3279 
cetostearyl sulfate, 7879 
chloride, 2391, 6181 
chloride and dextrose injection, 3709 
chloride and fructose injection, 4344 
chloride inhalation solution, 6185 
chloride injection, 6183 
chloride injection, bacteriostatic, 6183 
chloride injection, dextran 40 in, 3697 
chloride injection, dextran 70 in, 3701 
chforide injection, nnannitol in, 4963 
chloride injection, potassium chloride in, 
5772 

chloride injection, potassium chloride in 
dextrose injection and, 5767 
chloride injection, ranitidine En, 5978 
chloride irrigation, 6184 
chloride ophthalmic ointment, 6184 
chloride ophthalmic solution, 6185 
chloride solution, isotonic, 2391 
chloride tablets, 6185 
chloride tablets for solution, 6186 
chloride TS, alkaline, 2421 
cholate hydra te, 2391 
chromate, 2391 

chromate, Cr 51 injection, 3407 
chromotropate, 2391 
dlastatin, 341 7 
citrate, 6186 

citrate and citric acid orał solution, 6186 
citrate dihydrate, 2391 
citrate TS, 2421 
citrate TS, alkaline, 2421 
cobaltinitrite, 2391 
cobaltinitrite TS, 2421 
cyanide, 2391 
daEteparin, 3628 
1 -d eca n esu Ifo n a te, 2391 
dehydroacetate, 7881 
desoxycholate, 2391 
dichromate, 2391 
diethyldithiocarbamate, 2391 
2,2- d l m ethy I -2 -sil a pen ta n e-5 -su I f o n a te, 
2391 

dithronite, 2391 

dodecyi sulfate, 2391, 2392 

ethyJparaben, 7662 

ferrocyanide, 2391 

fluconazole, chloride injection, 4216 

fluorescein, 2391 

fluoride, 2391, 6188 

fluoride and acidulated phosphate topEcal 
solution, 6190 
fiuoride FI 8 injection, 4251 
fluoride and phosphoric acid gel, 6191 
fluoride orał solution, 6189 
fluoride tablets, 6190 
fluoride TS, 2421 
formaldehyde sulfoxyfate, 7881 
gluconate, 6192 
glycocholate, 2391 
1-heptanesulfonate, 2392 
1-heptanesulfonate, monohydrate, 2392 
1-hexanesulfonate, 2392 


1 -hexanesutfor:ate, monohydrate, 2392 
hydrogen sulfate, 2392 
hydrostilfite, 2391, 2392 
hydrosulfite TS, alkaline, 2412, 2421 
hydroxide, 2392, 7882 
hydroxrde, alcoholic, tenth-normal (0.1 N), 
2433 

hydroxide, norma! (1 N), 2432 

hydroxide TS, 2421 

hydroxide TS 2, 2421 

hydroxide TS 3, 2421 

hypobromite TS, 2421 

hypochlorite solution, 2392, 2421, 6192 

hypochlorite topical solution, 6193 

hyp oc h lori te TS, 2421 

iodate, 2392 

iodide, 6193 

iodide I 123 capsules, 4635 
iodide I 123 solution, 4636 
Iodide M31 capsules, 4640 
iodide t 131 solution, 4640 
iodohydroxyquino]inesuffonate TS, 2421 
lactate injection, 6194 
lactate solution, 6194 
lauryf sulfate, 2392, 7883 
low-substituted carboxymethy3cellulose, 
7578 

metabisulfite, 2392, 7884 
metaperiodate, 2392 
methoxide, 2392 
methoxide, half-normal (0.5 N) in 
methanol, 2433 

methoxide, tenth-normal (0,1 N) En 
toluene, 2433 
molybdate, 2393 
monoffuorophosphate, 6195 
montelukast, orał granufes, 5220 
montelukast, tablets, 5222 
montelukast, chewable tablets, 5225 
mycophenolate, 5256 
nitrate, 2393 
nitrite, 2393, 6196 
nitrfte injection, 6196 
nitrite, tenth-molar (0.1 M), 2433 
nitroferrieyanide, 2393 
nitroferrieyanide TS, 2421 
nitroprusside, 6196 
nitroprusside for injection, 6197 
1-octanesulfonate, 2393 
oxa!ate, 2393 

(tri) pentacyanoamino ferrate, 2393 
1-pentanesulfonate, 2377, 2393 
1 -pentanesulfonate, anhydrous, 2393 
perchlorate, 2393 
peroxide, 2393 

pertechnetate Tc 99m injection, 6346 
phenylbutyrate, 6198 
phenylbutyrate orał suspension, 6200 
phosphate, di basie, 2393, 6200 
phosphate, dibask, anhydrous, 2333, 2393 
phosphate, dfbastc, dihydrate, 2393 
phosphate, di basie, docięta hydra te, 2393 
phosphate, di basie, hep ta hydra te, 2393 
phosphate, di basie, TS, 2421 
phosphate, monobasic, 2372, 2393, 6201 
phosphate, monobasic, anhydrous, 2393 
phosphate, monobasic, dihydrate, 2393 
phosphate P 32 solution, 5699 
phosphates injection, 6202 
phosphates orał solution, 6202 
phosphates rectaf solution, 6203 
phosphate, trlbaslc, 2393, 7885 
phosphlte pen ta hydra te, 2393 
phosphotungstate T5, 2421 
picosulfate, 6203 


polystyrene su Ifo na te, 6204 
polystyrene sulfonate suspension, 6205 
and potassium bicarbonates and citric acid 
efferve$cent tablets for orał solution, 
5759 

propionate, 7886 
pyrophosphate, 2393 
pyruvate, 2393 
rabeprazole, 5961 
salicylate, 2394, 6205 
salicylate tablets, 6207 
selenite, 2394 
starch glycolate, 7886 
stearate, 7887 
stearyl fumarate, 7889 
sulfate, 2394, 6208 
sulfate, anhydrous, 2333, 2394 
sulfate decahydrate, 2394 
sulfate injection, 6208 
sulfide, 2394, 6208 
sulfide topical gel, 6209 
sulfide TS, 2421 
suifite, 2394, 7891 
suffite, anhydrous, 2333, 2394 
p -s u I f o p hen y\ azoch ro motro pa te, 2 394 
tartrate, 2394, 7892 
tartrate TS, 2421 
tetraphenylborate, 2394 
tetraphenylboron, 2394 
tetra phenylboron, fiftieth-molar (0.02 M), 
2434 

tetraphenylboron TS, 2421 
thioglycolate, 2394 
thioglycolate TS, 2421 
thiosulfate, 2395, 6209 
thiosulfate injection, 6210 
thiosulfate, tenth-normal (0.1 N), 2421, 
2434 

thiosulfate TS, 2421 
L-thyroxine, 2395 

3-{trimethylsilyl)4-propane sulfonate, 

2391, 2395 
tungstate, 2395 

Sodium 1-dodecanesulfonate, 2391 
Sodium ferrous citrate, 7195 
Sodtum hydroxide 
0.0025 N TS, 2421 
0.2 N, TS, 2421 
0.02 N TS, 2421 
10 N TS, 2421 
2.5 N TS, 2421 
2 N TS, 2421 
5 N, TS, 2421 
0.1 N VS, 2433 
Sodium p heny I bu ty ra te, 6198 
Sodium su cci na te, 7890 
Solubilities, 2513 
Soluble starch, 2395 


Soiution 

Acetaminophen and codeine phosphate 
orał, 2564 

Acetaminophen, dextromethorphan 
hydrobromide, doxylamrne succinate, 
and pseudo ephedrine hydro chloride 
orał, 2567 

Acetaminophen for effervescent orał, 2545 

Acetaminophen orał, 2545 

Acetlc acid otic, 2581 

Acetyicholine chforide for ophthalmic, 
2585 

Acetyfcysteine, 2586 
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Addulated phosphate and sodium fluoride 
topkal, 6190 

Aluminum acetale topkal, 2674 
Aluminum chloro hydra te, 2676 
Aluminum dichlorohydrate, 2679 
Aluminum sesq u ich loro hydra te, 2685 
Aluminum subacetate topical, 2686 
Aluminum suifate and calcium acetale for 
topical, 2687 

Aluminum sulfate and calcium acetale 
tablets for topical, 2688 
Aluminum zirconium octachforohydrate, 
2690 

Aluminum zirconium octachIorohydrex gfy, 
2692 

Aluminum zirconium pentachloro hydra te, 
2694 

Aluminum zirconium pentach!orohydrex 
gly, 2696 

Aluminum zirconium tetra chloro hydra te, 
2698 

Aluminum zirconium tetrach loro hydrę* 
gly, 2700 

Aluminum zirconium trichlorohydrate, 

2702 

Aluminum zirconium trichlorohydre* gly, 
2704 

Amantadine hydrochloride orał, 2707 
Aminobenzoate potassium for orał, 272 3 
Amlnobenzoic ac id to pi cal, 2727 
Aminocaproic acid orał, 2728 
Aminophylline orał, 2739 
Aminophylline rectal, 2741 
Ammonia, difuted, 2332 
Ammonia, strong, 7513 
Amproiium orał, 2815 
Anticoagulant ci tratę dextrose, 2832 
Anticoagulant citrate phosphate dextrasę, 
2833 

Anticoagulant citrate phosphate dextrose 
adenine, 2834 
Anticoagulant heparin, 4474 
Anticoagulant sodium citrate, 2836 
Antlpyrine and benzocaine otic, 2838 
Antipyrine, benzocaine, and phenylephrine 
hydrochloride otic, 2839 
Apraclonfdlne ophthalmic, 2844 
Aromatic elixir, 7521 
Ascorbic acid orał, 2867 
Aspirin effervescent tablets for orał, 2876 
Atenolo! orał, 2888 
Atropinę suIfale ophthalmic, 2908 
Benoxinate hydrochloride ophthalmic, 

2965 

Benzaldehyde elixir, compound, 7530 
Benzalkonium chloride, 7533 
Benzethonium chloride topkal, 2967 
Benzocaine, butamben, and tetracaine 
hydrochloride topical, 2981 
Benzocaine otic, 2976 
Benzocaine topical, 2977 
Betamethasone orał, 3000 
Betaxolol ophthalmic, 3016 
Bethanechol chloride orał, 3020 
Bromodiphenhydramine hydrochloride and 
codeine phosphate orał, 3057 
Bromodiphenhydraminę hydrochloride 
orał, 3056 

Brompheniramine maleate and 
pseudoephedrine sulfate orał, 3060 
Brompheniramine maleate orał, 3059 
Buprenorphine compounded buccal, 
veterinary, 3069 
Butabarbitaf sodium orał, 3087 


Butorphanoł tartrate nasal, 3101 
Caffeine citrate orał, 3108 
Calcitonin salmon nasal, 3119 
Calcium hydroxye topical, 3143 
Captopril orał, 3174 
Carbachol intraocular, 3178 
Carbachol ophthafmic, 3178 
Carbamide peroxide topical, 3186 
Carbol-fuchsin topical, 3198 
C 13 for orał, urea, 3200 
Carteolol hydrochloride ophthalmic, 3222 
Cefazolin ophthalmic, 3252 
Cetylpyridinium chloride topical, 3344 
Chloral hydrate orał, 3346 
Chlorampheniecl for ophthalmic, 3350 
Chlorampheniccl ophthalmic, 3350 
Chlorampheniecl orał, 3351 
Chtoramphenicof otic, 3351 
Chlorhexidine gluconate, 3367 
Chlorpheniramine maleate and 
pseudoephedrine hydrochloride orał, 
3390 

Chlorpheniramire maleate orał, 3388 
Cholecalciferol, 3403 
Chymotrypsin for ophthalmic, 3409 
Ciprofloxacin ophthalmic, 3431 
Clindamyc/n hydrochloride orał, 3479 
Cli n da my dn pa Im i ta te hydrochloride for 
orał, 3480 

Gin da myci n phosphate topical, 3483 
Gobetasol proplonate topical, 3493 
Clotrimazole topical, 3527 
Cloxaciilin sodium for orał, 3535 
Coal tar topical, 3538 
Cyanocobalamin Co 57 orał, 3539 
Cocaine hydrochloride tablets for topical, 
3542 

Cocaine and tetracaine hydrochlorides and 
epinephrine topical, 3542 
Codeine sulfate orał, 3550 
Cromolyn sodiun ophthalmic, 3590 
Cupriethylenediamine hydroxide, 1.0 M, 
2349 

Cyciopentolate hydrochloride ophthalmic, 
3606 

Cydosporine o rai, 3616 
Cyproheptadlne hydrochloride orał, 3619 
Demecarium bro mi de ophthalmic, 3644 
Dexamethasone elmr, 3671 
Dexamethasone orał, 3674 
Dexamethasone sodium phosphate 
ophthalmic, 3682 
Dexbrompheniramine maleate and 
pseudoephedrine sulfate orał, 3684 
Dexchlorpheniramine maleate orał, 3687 
Dextromelhorphan hydrobromrde orał, 
3707 

Diatrizoate meglumlne and dlatrizoate 
sodium, 3713 
Diatrizoate sodium, 3715 
Dichlorophenol-lndophenol, standard, 
2425 

Dkyclomine hydrochloride orał, 3744 
Diethy I to i u a m ide to pica I, 3757 
Digoxin orał, 3768 
Dihydrotachysterol orał, 3774 
Diltiazem hydrochloride orał, 3784 
Dimenhydrinate orał, 3789 
Dimethy! sulfoxide topical, 3793 
D i phen hydra minę hydrochloride orał, 3806 
Diphenoxylate hydrochloride and atropinę 
sulfate orał, 3815 

Dlpivefrin hydrochloride ophthalmic, 3819 
Docusate sodium, 3853 
Dolasetron mesylate orał, 3858 
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Dorzolamide hydrochloride and iimoiol 
maleate ophthalmic, 3869 
Doxepin hydrochloride ora!, 3879 
Doxylamine succinate orał, 3906 
Dyclonine hydrochloride topical, 3927 
Dyphylline and guaifenesin orał, 3931 
Dyphylline orał, 3930 
Ecamsule, 3933 

Echothiophate iodide for ophthalmic, 3936 
Emedastine ophthafmic, 3966 
Ephedrine sulfate orał, 3998 
Epinephrine bitartrate for ophthalmic, 

4004 

Epinephrine bitartrate ophthalmic, 4003 
Epinephrine ophthalmic, 4001 
Epinephryl borate ophthalmic, 4004 
Ergocaldferol orał, 4014 
Ergoloid mesylates ora!, 401 7 
Erythromycin topical, 4036 
Escitalopram orał, 4050 
Ethosuxfmide orał, 4106 
Fehling's, 2415 

Ferric ammonium citrate for orał, 2777 
Ferric subsulfate, 4166 
Ferrous gluconate orał, 4174 
Ferrous sulfate orał, 4177 
Fluocinolone aceton ide topkal, 4241 
Fluocinonide topical, 4244 
Fiuorescein sodium and benoxinate 
hydrochloride ophthalmic, 4248 
Fiuorescein sodium and praparacaine 
hydrochloride ophthalmic, 4249 
Fluorouradl topical, 4259 
Fluoxetine orał, 4262 
Fluphenazrne hydrochloride elixlr, 4271 
Fluphenazine hydrochloride orał, 4273 
Flurbiprofen sodium ophthalmic, 4282 
Formaldehydy 2360, 2415, 4330 
Fu rasem ide orał, 4349 
Gentamicin sulfate and betamethasone 
acetale ophthalmic, 4393 
Gentamicin sulfate and betamethasone 
valerate otic, 4395 
Gentamicin topical, 4396 
Gentamicin sulfate ophthalmic, 4393 
Gentian violet topical, 4400 
Glutarai disinfectant, 7678 
Glycerln ophthalmic, 4423 
Clycerin orał, 4423 

Guaifenesin and codeine phosphate orał, 
4453 

Guaifenesin orał, 4452 
Halazone tablets for, 4463 
Hakinonide topical, 4467 
Haloperidol orał, 4470 
Heparin lock flush, 4474 
Homatropine hydrobromide ophthalmic, 
4488 

Hydralazine hydrochloride orał, 4494 
Hydrocortisone and acetk acid otic, 4510 
Hydrogen peroxide, 2363 
Hydrogen peroxide topical, 4525 
Hydroguinone topkal, 4531 
Hyd roxya m p h eta m in e hyd robro m Ide 
ophthalmic, 4534 

Hydroxyzine hydrochloride orał, 4541 
Hyoscyamine sulfate elixir, 4550 
Hyoscyamine sulfate orał, 4551 
Hypromeliose ophthalmic, 4554 
ldoxuridine ophthalmic, 4567 
Jndium In 111 chloride, 4589 
Indium In 111 oxyquino!rne, 4591 
lodine, strong, 4631 
Sodium iodide I 123, 4636 
Sodium iodide I 131, 4640 
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Solutton (mntinued) 
lodtne topical, 4630 
Ipecac orat, 4669 
Isoniazid orał, 4694 
tsosorbide orał, 4707 
lvermectin topical, 4736 
Lactulose, 4763 
Lead, standard, 2421 
Levafbuteroi inhalation, 4801 
Levobunolol hydrochłoride ophthalmic, 
4820 

Levocarnitine orał, 4823 
Levof]oxacin orał, 4833 
Udocaine hydrochłoride topical, 4851 
Uncomycin oraj, 4856 
Litflfum orał, 4870 
Loeke-Ringer'£, 2417 
Loperamide hydrochlonde orał, 4881 
Loratadine orał, 4897 
Mafenide acetate for topical, 4928 
Magnesium carbonate and citric acid for 
orał, 4936 

Magnesium carbonate, citric acid, and 
potassium dtrate for orał, 4937 
Manganese chloride for orał, 4958 
Magnesium dtrate for orał, 4941 
Magnesium dtrate orał, 4940 
Maltrtol, 7747 

Meperidine hydrochlonde orał, 5009 
Mesoridazine besylate orał, 5036 
M etap rotę reno I sułfate ora!, 5042 
Methadone hydrochlonde orał, 5062 
Metbdilazine hydrochlonde oraE, 5068 
Methenamine mandelate For orał, 5073 
Methenamme orat, 5070 
Methoxsalen topical, 5089 
MethylcelEulose ophthalmic, 5099 
Methylceliulose orał, 5099 
Metodopramide orał, 51 30 
Metoprolol tartrate orał, 5142 
Mibolerone orał, 5162 
MInoxtdif topical, 5185 
Mometasone furoate topical, 5213 
Moxiffoxadn ophthałmic, 5238 
Myrrh topical, 5260 
Nafcillin sodium for orał, 5268 
Naphazollne hydrochłoride ophthalmic, 
5281 

Naphazollne hydrochlonde and 
pheniramine maleate ophthalmic, 5281 
Neomycin and polymyxin B sulfaLes and 
gramiddin ophthalmic, 5320 
Neomycin and polymyxtn B sulfates and 
hydrocortisone otic, 5321 
Neomycin and polymyxin B sulfates For 
irrigation, 5312 

Neomycin and polymyxin B sulfates 
ophthałmic, 5313 

Neomycin sułfate and dexamethasone 
sodium phosphate ophthałmic, 5304 
Neomycin sułfate orał, 5302 
Nickel standard TS, 2418 
Nitrofurażone topical, 5369 
Nitro mersoł topical, 5373 
Norfloxacin ophthalmic, 5390 
Nortriptyline hydrochłoride orał, 5398 
Of|oxacln ophthalmic, 5413 
Olopatadine hydrochłoride ophthalmic, 
5426 

Ondansetron, orał, 5444 
Oraf, containing at least three of the 
following—acetamlnophen and (salts of) 
chlorpheniramine, dextromethorphan, 
and pseudoephedrine, 2557 
Oxad!lin sodium for orał, 5472 


Oxtnphylline orał, 5500 
Oxybutynln chloride orał, 5504 
Oxycodone hydrochłoride orał, 5512 
Oxymetazoline hydrochłoride ophthalmic, 
5524 

Papain tabłets for topical, 5569 
Paromomycin orał, 5578 
Penidilin G potassium for orał, 5605 
Penidłlin V potassium for orał, 5622 
Perphenazine ora!, 5651 
Phenobarbital orał, 5664 
Phenol, topical, camphorated, 5668 
Phenylephrine hydrochłoride ophthalmic, 
5684 

Phosphate P 32, sodium, 5699 
Physostigmine salicyiate ophthałmic, 5700 
Pilocarpine hydrochłoride ophthafmic, 
5706 

Pilocarpine nitrate ophthalmic, 5708 
Podophyllum resin topical, 5744 
Polyethylene glycol 3350 and electrolytes 
for orał, 5748 

Polymyxin B sułfate and hydrocortisone 
otic, 5753 

Polymyxin B sułfate and trimethoprim 
ophthalmic, 5754 

Potassium bicarbonate effervescent tabłets 
for ora i, 5758 

Potassium bicarbonate and potassium 
chloride for effervescent oraf, 5758 
Potassium bicarbonate and potassium 
chloride effervescent tabłets for orał, 
5759 

Potassium bicarbonate, potassium chloride, 
and potassium dtrate effervescent 
tabłets for orał, 5769 
Potassium brom i de orał, veterinary, 5762 
Potassium chloride for orał, 5765 
Potassium chloride orał, 5765 
Potassium dtrate and citric acid orał, 5776 
Potassium gluconate and potassium 
chloride for orał, 5780 
Potassium gluconate and potassium 
chloride orał, 5780 

Potassium gluconate, potassium dtrate, 
and ammonium chloride orał, 5781 
Potassium gluconate and potassium citrate 
orał, 5781 

Potassium giuconate orał, 5778 
Potassium rodide orał, 5783 
Potassium nitrate, 5785 
Potassium and sodium bicarbonates and 
citric acid ehervescent tabłets for orał, 
5759 

PovidoneHodine cłeansing, 5793 
Povidone-iodine topical, 5794 
Prednisolone orał, 5813 
Prednisolone sodium phosphate 
compounded orał, 5818 
Prednlsotone sodium phosphate 
ophthałmic, 5820 
Prednisone orał, 5823 
Proch lorperazine ora i, 5846 
Promazine hydrochłoride orał, 5861 
Promethazine and phenylephrine 
hydrochłoride and codeine phosphate 
orał, 5872 

Promethazine and phenylephrine 
hydrochłoride orał, 5869 
Promethazine hydrochłoride orał, 5865 
Proparacaine hydrochłoride ophthałmic, 
5885 

Protein standard (8 g/dl), 2383 
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Pseu d oeph ed ri ne hyd roch I o rid e, 
carbinoxamine maleate, and 
dextromethorphan hydro brom i de orał, 
5910 

Pseudoephedrine hydrochłoride orał, 5907 
Pyridostigmine bromide orał, 5923 
Ranitidine orał, 5976 
Reserpme orał, 5988 
Risperidone orał, 6038 
Saccharin sodium orał, 6090 
Scopołamine hydrobromide ophthalmic, 
6128 

Senna orał, 6143 
Silver nitrate ophthałmic, 6160 
Sodium acetate, 61 73 
Sodium bromide orał, veterinary, 6180 
Sodium chloride, isotonic, 2391 
Sodium chloride ophthalmic, 6185 
Sodium chloride tabłets for, 6186 
Sodium dtrate and citric acid orał, 6186 
Sodium fluoride and acidulated phosphate 
topical, 61 90 

Sodium fluoride orat, 6189 
Sodium hypochlorite, 2392, 2421, 6192 
Sodium hypochlorite topical, 6193 
Sodium lactate, 6194 
Sodium phosphate P 32, 5699 
Sodium phosphates orał, 6202 
Sodium phosphates rectal, 6203 
Sorbitol, 6213 

Sorbitol noncrystaliizing, 7900 

Sorbitol sorbitan, 7901 

Stavudine for orał, 6231 

Sulfacetamide sodium ophthalmic, 6251 

5ulfaquEnoxaline orał, 6275 

Suprofen ophthalmic, 6295 

Terpin hydrate and codeine orał, 6383 

Terpin hydrate orał, 6383 

Tetracaine hydrochłoride ophthalmic, 6396 

Tetracaine hydrochłoride topical, 6397 

Tetracydine hydrochlonde for topical, 

6406 

Tetra hy d rozol i n e hyd roch 1 o ride 
ophthalmic, 6412 

Tetramethyłammonium hydroxide, in 
methanol, 2399 

Theophylline and guaifenesin orał, 6426 
Theophylline orał, 6420 
Theophylline sodium glycinate orał, 6427 
Thiamine hydrochłoride orai, 6431 
Thiamine mononitrate orai, 6434 
Thimerosal topical, 6440 
Thiondazine hydrochłoride orał, 6447 
Thiothixene hydrochłoride orał, 6454 
Timolol maleate ophthalmic, 6480 
Tobramydn ophthałmic, 6499 
Tolnaftate topical, 6518 
Travoprost ophthalmic, 6548 
Tretinoin topical, 6556 
Triamdnolone diacetate orał, 6566 
Tridtrates orał, 6577 
Trifluoperazine orał, 6584 
Trihexypbenidyl hydrochłoride orał, 6591 
Trikates orał, 6593 
Trimeprazine orał, 6594 
Triprolidine hydrochlonde ora!, 6604 
Trtprolidine and pseudoephedrine 
hydrochlorides ora!, 6606 
Tropicamide ophthalmic, 6612 
Valprolc acid orał, 6646 
Valrubicin intravesical, 6648 
Vancomydn hydrochłoride for orał, 6660 
Vehicie for orał, 7788 
Vehide for orał, sugar free, 7788 
Verapamil hydrochłoride orał, 6677 
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Solution (continued) 

Vitamins with minerals, water-soluble oraj, 
7443 

Vitamins with minerals, 0- and waLer- 
soluble orał, 7361 

Vitamins, oil- and water-solubte orał, 7309 

Xanthan gum, 7966 

Zfdovudine orał, 6741 

Zinc sulfate ophthalmic, 6757 

Zinc sulfate orał, 6757 


Solutions 

reagents, and indicators, 2323 
5ofvent hexane, 2395 
Somatropin, 6210 
for injection, 6212 

Somatropin biddentity tests (126), 214 

Sorbic acid, 7893 

Sorbitan 

monolaurate, 7893 
monooleate, 7894 
monopalmitate, 7895 
monostearate, 7896 
sesguioleate, 7897 
sorbitol, solution, 7901 
trioleate, 7898 
Sorbitol, 2395, 7899 
solution, 6213 

solution noncrystallizing, 7900 
sorbitan solution, 7901 
Sotalol hydrochloride, 6214 
orał suspension, 6216 
tabiets, 6217 
Soybean oil, 6217 
hydrogenated, 7903 
Soy isoflavones 
capsutes, 7198 
powdered extract, 7196 
tabiets, 7200 

Spacers and valved holding chambers used 
with inhalation aerosols—characterization 
tests (1602), 1988 
Specific gravity (841), 768 
Specific surface area <846), 769 
Spectinomycin 
hydrochloride, 6219 
for injectabie suspension, 6220 
Spectrophotometric Identification tests (197), 
255 

Spironolactone, 6221 
and hydrochlorothiazide orał suspension, 
6223 

and hydrochlorothiazide tabiets, 6224 
tablet s, 6223 

Spironolactone compounded 
orał suspension, 6221 
Spironolactone compounded, veterinary 
orał suspension, 6222 
Spirutina, 7201 
tabiets, 7205 
Sgualane, 7904 

Sr 89 injection, strontium chloride, 6235 
Sta bil i ty co nsi dera tron s in dispensing practice 
(1191), 1662 
Stachyose hydrate, 2395 
Standard sand, 20- to 30-mesh, 2395 
Stannous 

chloride, 2395, 7905 

chłońcie acid, stronger, T5, 2412, 2421 

chloride acid T5, 2412, 2421 

fluoride, 6225 

fluoride gel, 6226 


Stanozolol, 6227 
tabiets, 6227 
Starch 
corn, 7906 

corn, pregelatinized hydroxy propyl, 7909 

hydrolysate, hydrogenated, 7911 

hydroxypropyl corn, 7908 

iodate paper, 2409 

iodide-free TS, 2422 

iodide paper, 2^09 

iodide pastę TS, 2422 

modified, 7914 

pea, 7915 

p ea, p reg el a t i n ized hyd ro xy p ro pyl ,7918 
potassium iodide TS, 2422 
potassium iodide and, TS, 2420 
potato, 2383, 2395, 7920 
potato, pregelat nized hydroxy propyl, 
7923 

pregelatinized, 7925 
pregelatinized modified, 7926 
sodium, glycolate, 7886 
soluble, 2395 
$olubię, purified, 2395 
tapioca, 7928 
to pi cal, 6228 
TS, 2421 
wheat, 7928 
Stavudine, 6229 
capsules, 6230 
for orał solution, 6231 
Steam, pure, 6719 
Steam stenlization by direct contact 
(1229.1), 1812 
Stearic acid, 2395, 7930 
purified, 7932 

Stearoyf polyoxyłglycerides, 7933 
Slearyl alcohol, 2395, 7934 


Stenie 

Erythromycin ethylsuccinate, 4043 
Erythromycin gluceptate, 4047 
Erythromycin factobionate, 4048 
Pharmaceutical compounding—sterile 
p repa ra ti o ns < 79 7), 683 
Sterile product packaging—integrity 
evaluation (1207), 1700 
Sterility testing—validation of isolator 
systems (1208), 1739 
Stenlization and sterility assurance ol 
compendial artides (1211), 1 744 
Water, purified, 6719 
Waler for inhalation, 6718 
Water for injection, 6718 
Water for irrigation, 6718 


Sterile product packaging—integrity 
eualuation (1207), 1700 
Sterility 

testing—validation of isolator systems 
(1208), 1739 
tests (71), 136 

Sterilization-in-place (1229.13), 1849 
Stenlization of compendial artides (1229), 
1807 

Stenlization and sterility assurance of 
compendial artides (1211), 1744 
Sterilizing filtration of liguids (1229.4), 1824 
Stinging nettle, 7208 
extract, powdered, 7211 


powdered, 7210 
Storax, 6232 
Streptomycin 
injection, 6234 
for injection, 6234 
sulfate, 6233 
Stronger 

ammonia water, 2395 
cupric acetate TS, 2422 
Stront i urn 
acetate, 2395 

chloride Sr 89 injection, 6235 
hydroxide, 2396 
Strychninę sulfate, 2396 
Styren e -div i ny I b en zen e 
aniomexchange resin, 50- to 100-mesh, 
2396 

cation-exc hangę resin, strongly acidk, 
2396 

copolymer beads, 2396 
5ubvisible partie u la te matter En therapeutic 
protein injection s <787), 663 
Suecime acid, 2396, 7936 
Succinylcholtne chloride, 6236 
injection, 6237 
Sucralfate, 6238 
tabiets, 6239 
Sucralose, 7936 
Sue rosę, 7938 
octaacetate, 7939 
paimitate, 7940 
stearate, 7941 
Sudan 

III, 2396 

fil T5, 2422 

IV, 2396 

IV TS, 2422 

Sufentanil dtrate, 6240 
injection, 6241 
Sugar 

compressible, 7943 
confectioner's, 7944 
free suspension structured vehicle, 7948 
injection, invert, 6241 
spheres, 7945 
SuibacLam 

and ampicillin for injection, 281 3 
sodium, 6242 
Sulconazole nitra te, 6244 
Sulla 

vaglnai cream, triple, 6245 
vaginal inserts, triple, 6246 
Suifabenzamtde, 6246 
Sulfacetamide, 6247 
sodium, 6248 

sodium ophthalmic ointment, 6250 
sodium ophthalmic solution, 6251 
sodium and prednisoEone acetate 
ophthalmic ointment, 6252 
sodium and predmsolone acetate 
ophthalmic suspension, 6253 
sodium topical suspension, 6251 
Sulfachlorpyridazine, 6254 
Sulfadiazine, 6255 
cream, silver, 6258 
silver, 6256 
sodium, 6259 
sodium injection, 6259 
tabiets, 6256 
5ulfadimethoxine, 6260 
sodium, 6261 
soluble powder, 6260 
orał suspension, 6261 
tabiets, 6261 
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5ulfadoxine, 6262 
and pyrimethamine tablets, 6263 
Sulfamerazine, 2396 
Sulfamethazine, 6264 
and chlortetracydine bisulfates so łubie 
powder, 3396 
granulated, 6264 
Sulfamethizołe, 6265 
orał suspension, 6266 
tablets, 6266 
5ulfamethoxazole, 6267 
Ofal suspens!on f 6268 
tablety 6268 

and trimethoprim injection, 6269 
and trimethoprim orał suspension, 6270 
and trimethoprim tablets, 6272 
Sulfamic acid, 2396 
Sułfanilanmde, 2396 
Sulfanilic 
add, 2396 

add, diazotized TS, 2422 
acid TS, 2422 
1-naphthylamine TS, 2422 
onaphthylamine TS, 2422 
Sulfapyridine, 6273 
tablets, 6274 
5ulfaqumoxaline, 6274 
orał solution, 6275 
Sulfasalazine, 6275 
tablets, 6276 

delayed-refease tablets, 6277 
Sulfatase enzyme preparation, 7396 
Sulfate 

acid, ferrous, TS, 2412, 2415 
and chloride (22 1), 287 
ferrous, TS, 2415 
magnesium, TS, 2417 
mercuric, TS, 2414, 2417 
potassium, 2383 
potassium, TS, 2420 
in reagenta, 2327 
strychninę, 2396 
Sullathiazofe, 6278 
sodium, 2396 
Sulflnpyrazone, 6278 
capsules, 6279 
tablets, 6280 
5ulfisoxazole, 6280 
acetyl, 6281 

acetyl and erythromycin estolate orał 
suspension, 4040 

acetyl and erythromycin ethylsuccmate for 
orał suspension, 4046 
acetyl orał suspension, 6282 
tablets, 6281 

Sulfomolybdic acid TS, 2422 
Sulfonie acid cation-exchange resin, 2396 
2- (4 -5 u Ef oph e n y la zo)-1,8-d i hy d roxy- 3,6* 
naphthalenedtsulfonic acid, trisodium salt, 
2407, 2408 

Sulfosaltcylic acid, 2396 
Sulfur, 2396 
dioxide, 7946 

dioxide detector tubę, 2397 
ointment, 6282 
precipitated, 6282 

and resorcino! topical suspension, 5994 
sublimed, 6283 
Sulfur dioxide (525>, 401 
SuIfurie acid, 2397, 7946 
diluted, 2353, 2397 
fluorometnc, 2397 
fuming, 2361, 2397 
half-normal (0.5 N) in alcohol, 2434 
nitrogen free, 2397 


normal (1 N), 2434 

phenyEhydrazine, TS, 2419 

TS, 2422 

0.02 N TS, 2422 

0.2 N TS, 2422 

0.5 N TS, 2422 

1 M TS, 2422 

2 N TS, 2422 

6 N TS, 2422 

7 N TS, 2422 

Sutfuric acid-formaldehyde TS, 2422 
Sulfurous acid, 2397 
Sulindac, 6283 
tablets, 6284 
Sulisobenzone, 6286 
Sumatriptan, 6267 
nasal spray, 6289 
injection, 6288 
suednate, 6292 

succinate orał suspension, 6294 
tablets, 6290 
Sunflower oil, 2397, 7947 
Su p ple men tal Information for artEcles of 
botanical origin (2030), 2260 
Supports for gas chromatography, 2397 


Suppositories 

Acetaminophen, 2546 

AminophylEine, 2742 

Aspirin, 2872 

Bisacodyl, 3032 

Chlorpromazine, 3391 

Ergotaminę tartrate and caffeine, 4026 

Glycerin, 4423 

Indomethactn, 4601 

Miconazole nit r ate vaginai, 5166 

Morphine sulfate, 5235 

Nystatin vaginął, 5402 

Prochlorperazine, 5847 

Progesterone vaginal, 5856 

Promethazine hydrochloride, 5866 

Thiethylperazine maleate, 6435 


Suprofen, 6295 
ophthalmic solution, 6295 


Suspension 

Acetaminophen and codelne phosphate 
orał, 2565 

Acetaminophen orał, 2547 
Acetazolamide orał, 2579 
Acydovir orał, 2594 
AJbendazole orał, 2604 
Allopurinol orał, 2634 
Alprazolam orał, 2642 
Alumina, magnesia, and calcium carbonate 
orał, 2662 

Alumina and rragnesia orał, 2660 
Alumina, magnesia, and simethicone orał, 
2666 

Alumina and rragnesium carbonate orał, 
2669 

Alumina and rragnesium trisilicate orał, 
2672 

Amoxidffin and clavulanate potassium for 
orał, 2791 

Amoxidllfn for orał, 2789 


Amoxicillin for injectable, 2788 
Amoxicillin orał, 2788 
AmoxEcillin tablets for orał, 2790 
Ampidllin for injectable, 2808 
Ampicillin for orat, 2809 
Ampicillin and probenecid for orat, 2811 
Atenolol cornpounded orał, 2889 
Atenofol cornpounded orał, veterinary, 
2889 

Atovaquone orał, 2900 
Aurothioglueose injectable, 2911 
Azathioprine orał, 2916 
Azithromydn for orał, 2928 
Baclofen orał, 2944 
Barium sulfate, 2952 
Barium sulfate for, 2953 
Benazepril hydrochloride cornpounded 
orał, veterinary, 2963 
Betamethasone sod i u m phosphate and 
betameLhasone acetale Injectable, 3010 
Bethanechol chloride orał, 3021 
Bisacodyl rectal, 3032 
Bismuth subsalkylate orał, 3040 
Brinzolamide ophthalmic, 3051 
Catamine topical, 3110 
Calamine topical, phenolated, 3111 
Calcium carbonate orał, 3128 
Calcium and magnesium carbonates orał, 
3133 

Caplopril orał, 3175 
Carbamazepine orał, 3181 
Cefador for orał, 3238 
Cefadroxil for orał, 3244 
Cefdinlf for orał, 3258 
Cefixime for orał, 3266 
Cefpodoxime proxetil for orał, 3293 
Cefprozłi for orał, 3297 
Cefuroxime axetil for orał, 3311 
Cellulose sodium phosphate for orał, 3317 
Cephalexjrt for orał, 3319 
Cephradine for orał, 3330 
Chloramphenicol and hydrocortisone 
acetate for ophthalmic, 3352 
Chloramphenicol pałmitate orał, 3353 
Chlorotbfazlde orał, 3380 
Chołestyramine for orał, 3405 
Chromie phosphate P 32, 5698 
Ctdopirox olamine topical, 3414 
Ciprofloxacin and dexamethasone otlc, 
3436 

Clarithromycin for orał, 3463 
Clavulanate potassium and amoxiciłfin for 
orał, 2791 

Clindamycin phosphate topical, 3484 
Clonazepam orał, 3505 
Cłopidogreł cornpounded orał, 3517 
Colestipol hydrochloride for orał, 3555 
Colistin and neomycin suEfates and 
hydrocortisone acetate otic, 3558 
Colistin sulfate For orał, 3558 
Cortisone acetate injectable, 3583 
Demedocycline orał, 3645 
Desoxycorticosterone pwaiate injectable, 
3669 

Dexamethasone acetate injectable, 3676 
Dexamethasone ophthalmic, 3673 
Diazoxide orał, 3722 
Didoxadllin sodium for orał, 3742 
Didanosinę tablets for orał, 3750 
Diltiazem hydrochłodde orał, 3785 
Dipyridamole orał, 3821 
Dolasetron mesylate orał, 3858 
Doxycycline calcium orał, 3894 
Doxycycffne cornpounded orał, veterinary, 
3895 







Combined lndex to USP 40 and NF 35 


Suspe-Syrup 1-61 


Suspension (continued) 

Doxytytline for orał, 3892 
Enalapril maleate compounded orał, 
yeterinary, 3970 

Erythromycin estofate for orał, 4040 
Erythromycin estofate orał, 4039 
Erythromycin estofate and $ulfisaxazole 
acetyl orał, 4040 

Erythromycin et hyl su cd na te for orał, 4044 
Erythromycin ethylsuccinate orał, 4043 
Erythromycin ethylsuccinate and 
sułfisoxazole acetyl for orał, 4046 
Estrone injectabie, 4086 
Famotidine for orał, 4! 39 
ferumojtsil orał, 4182 
Flucytosine orał, 4223 
Fluorometholone ophthaimic, 4254 
Furazolidone orał, 4347 
GaneidovFr orał, 4381 
Gentamicin and prednisolone acetate 
ophthaimic, 4397 
Griseofulvin orał, 4447 
Hydrocortisone acetate injectabie, 4514 
Hydrocortisone acetate ophthaimic, 4514 
Hydrocortisone injectabie, 4508 
Hydrocortisone rectal, 4509 
Hydroxyzine pamoate orał, 4546 
Ibuprofen orał, 4556 
Imipenem and cilastatin for injectabie, 

4572 

Indomethacin oraf, 4602 
Isophane insulin human, 4620 
Humań insulin isophane and human insulin 
injection, 461 7 
Isophane insulin, 4619 
Insulin ztnc, 4624 
Insulin zinc, fiKtended, 4625 
Insulin zinc, prompt, 4627 
łsoflupredone acetate injectabie, 4688 
Ketoconazofe ora!, 4748 
Labetalol hydrochloride orał, 4759 
Lamotrigine compounded orał, 4778 
Lansoprazole compounded orał, 4787 
Loracarbef for orał, 4895 
Magaldrate and simethicone orał, 4932 
Magaldrate orał, 4931 
Magnesium carbonate and sodfum 
bicarbonate for orał, 4937 
Mebendazole orał, 4969 
Medroxyprogesterone acetate injectabie, 
4981 

Megestral acetate orał, 4987 
Meloxłtam orał, 4994 
Meprobamate orał, 5018 
Mesalamine rectal, 5030 
Methacycline hydrochloride orał, 5060 
Methadone hydrochloride tabłets for orał, 
5064 

Methenamine mandetate orał, 5073 
Methyldopa orał, 5100 
Methylprednisolone acetate injectabie, 

5120 

Metolazone orał, 5133 
Metoproloł tartrate orał, 5142 
Metronidazole benzoate compounded orał, 
5149 

Minocycline hydrochloride orał, 5177 
Nalidbric add orał, 5271 
Naproxen orał, 5283 
Natamycin ophthaimic, 5294 
Neomycin and polymyxin B sulfates and 
dexamethasone ophthaimic, 5319 
Neomycin and polymyxin B sulfates and 
hydrocortisone otic, 5322 


Neomycin and polymyxin B sulfates and 
hydrocortisone acetate ophthaimic, 5323 
Neomycin and polymyxin 8 sulfates and 
hydrocortisone ophthaimic, 5322 
Neomycin and po!ymyxin B sulfates and 
prednisolone acetate ophthaimic, 5324 
Neomycin suifate and hydrocortisone otlc, 
5307 

Neomycin suifate and hydrocortisone 
acetate ophthaimic, 5308 
Neomycin suifate and prednisolone acetale 
ophthaimic, 5326 
Nevirapine orał, 5331 
Nitrofurantom orał, 5365 
Nystatin for orał, 5403 
Nystatin orał, 5403 

Ondansetron hydrochloride ora!, 5442 
Oxfendazofe orał, 5497 
Oxytetracycline and nystatin for orał, 5534 
Oxytetracydine ca [dum orał, 5534 
Oxy tetra cyc! ine hydrochloride and 
hydrocortisone acetate ophthaimic, 5537 
Pantoprazole orał, 5562 
Pen id I lin G benzathine injectabie, 5599 
Penicillin G benzathine and penicillin G 
proca ine injectabie, 5601 
Penicillin G benzathine ora!, 5600 
Penicillin G, neomycin, polymyxin B, 
hydrocortisone acetate, and 
hydrocortisone sodium succinate topical, 
5597 

Penicillin G procaine, dihydrostreptomycm 
suifate, chlorpheniramine maleate, and 
dexamethasone injectabie, 5612 
Penicillin G procaine and 
dihydrostreptomycin suifate injectabie, 
5611 

Penicillin G procaine, dihydrostreptomycin 
suifate, and prednisolone injectabie, 

5614 

Penicillin G proca ne, neomycin and 
polymyxin B su fates, and hydrocortisone 
acetate topical, 5614 
Penicillin G procaine injectabie, 5609 
Pentciłlin G procaine for injectabie, 5610 
Penicillin V benzathine orał, 5620 
Penicillin V for orał, 5619 
Perflutren protein-lype A micmspheres 
injectabie, 5639 

Pergoltde, orał, yeterinary, 5642 
Phenoxybenzamine hydrochloride 
compounded orał, 5670 
Phenytoin orał, 5690 
Phosphate P 32, chromie, 5698 
Piroxicam compounded orał, 5741 
Prednisolone acetate injectabie, 5815 
Prednisolone acetate ophthaimic, 5815 
Prednisolone compounded orał, yeterinary, 
5816 

Prednisone injectabie, 5823 
Prednisolone tebutate injectabie, 5821 
Primidone orał, 5832 
Progesterone injectabie, 5855 
Propyliodone injectabie oii, 5899 
Psylllum hydrophilic mucilloid for orał, 

5915 

Pyrante! pamoate orał, 5917 
Pyrvinium pamoate orał, 5931 
Quinidine suifate orał, 5952 
Ractopamine hydrochloride, 5964 
Resorcinof and sulfur topical, 5994 
Rifampln orał, 6010 
Rimexolone ophthaimic, 6019 
Selenium sulfide topical, 6140 
Simethicone orał, 6163 


Sodium polystyrene sulfonate, 6205 
Spectinomycin for injectabie, 6220 
Spironolactone compounded orał, 6221 
Structured vehicle, 7948 
Structured yehide, sugar-free, 7948 
Sulfacetamide sodium and prednisolone 
acetate ophthaimic, 6253 
Sulfacetamide sodium topical, 6251 
Sulfadimelhoxine orał, 6261 
Sulfamethizole orał, 6266 
Sulfamethoxazole orał, 6268 
5ulfamethoxazole and trimefhoprim orał, 
6270 

5ulfisoxazole acetyl oraf, 6282 
Sumatnptan succinate orał, 6294 
Temozofomide orał, 6361 
Testosterone injectabie, 6387 
Tetracycline hydrochloride ophthaimic, 
6407 

Tetracycltne hydrochloride ora!, 6407 
Tetracydine orał, 6400 
Thtabendazole orał, 6429 
Thioridazine orał, 6446 
To bramy do and dexa methasone 
ophthaimic, 6501 

Tobramydn and fluorometholone acetate 
ophthaimic, 6503 

Topiramate compounded orał, 6527 
Triamcinolone acetonide injectabie, 6565 
Triamcinolone diacetate injectabie, 6566 
Triamcinolone hexacetonide injectabie, 
6568 

Triflupromazine orał, 6586 
Trisulfapynmidines ora!, 660 7 
Vehide for orał, 7788 
Verapamil hydrochloride orał, 6678 
Zinc sulfide topical, 6758 


Suspens!on structured vehide, 7948 
sugar-free, 7948 
Suture 

absorbabfe surgical, 6296 
nonabsorbable surgical, 6298 
Sutures 

diameter (861), 795 
needle attachment (871), 796 


Syrup 

Acacia, 7495 

Caldum glubionate, 3136 
Cherry, 7600 

Chbrpromazfne hydrochloride, 3393 

Chocolate, 7607 

Corn, 7614 

Com, sofids, 7621 

High fructose corn, 7618 

Docusate sodium, 3854 

Ferrous suifate, 4177 

Orange, 7790 

Perphenazlne, 5651 

Ptperazlne citrate, 5737 

PromazIne hydrochloride, 5862 

Syrup, 7949 

Tolu balsam, 7952 
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T 

Tablet breaking force (1217), 1 750 
Tablet friability (1216), 1749 


Tablets 

Abacavir, 7928 
Abiraterone acetate, 2534 
Acepromazine maleate, 2542 
Acetaminophen, 2547 
Containing at ieast three of the 
following—acetaminophen and (salts of) 
ehlorphenira minę, dextromethorphan, 
and pseudoephedrine, 2559 
Acetaminophen and aspirin, 2549 
Acetaminophen, aspirin, and caffetne, 

2550 

Acetaminophen and caffeine, 2551 
Acetaminophen, chlorpheniramine 
maleate, and dextromethorphan 
hydrobromide, 2561 

Acelaminophen and codeine phosphate, 
2566 

Acetaminophen and diphenhydramine 
citrate, 2569 

Acetaminophen, diphenhydramine 
hydrochloride, and pseudoephedrine 
hydrochloride, 2570 
Acetaminophen extended-release, 2548 
Acetaminophen and hydrocodone 
bitartrate, 4501 

Acetaminophen and pseudoephedrine 
hydrachIoride, 2571 
Acetaminophen and tramadoi 
hydrochloride, 2572 
Acetazolamide, 2579 
Acetohexamide, 2582 
Acetohydroxamic acid, 2583 
Acyclovir, 2595 
Albendazole, 2605 
Albuterol, 2607 

Albuterol extended-release, 2608 
Alendronate sodium, 2622 
Alfuzosin hydrochloride exlended-release, 
2626 

Allopurinol, 2634 
Almotriptan, 2638 
Alprazotam, 2642 
Alprazolam extended-release, 2644 
Al praż o lam orally disintegraling, 2648 
Alumina and magnesia, 2661 
Alumina, magnesia, and calcium carbonate 
chewable, 2663 

Alumina, magnesia, calcium ca rb on ale, 
and simethicone chewable, 2664 
Alumina, magnesia, and simethicone 
chewable, 2668 

Alumina and magnesium carbonate, 2670 
Alumina, magnesium carbonate, and 
magnesium oxide, 2671 
Alumina and magnesium trisilicate, 2673 
Aluminum hydraxide gel, dried, 2683 
Aluminum sulfate and calcium aceta te for 
topical solution, 2688 
Am ito rid e hyd roch I oride, 2715 
Amiłoride hydrochloride and 
hydrochlorothiazide, 2717 
Aminobenzoate potassium, 2724 
Aminocaproic acid, 2729 
Aminoglutethfnmde, 2731 
Aminopentamlde sulfate, 2735 


Aminophylline 2742 
Aminophylline delayed-release, 2744 
Aminosailcylate sodium, 2747 
Aminosalicylic add, 2750 
Amitriptyline hydrochloride, 2759 
Amlodipine and valsartan, 2763 
Amlodipine besylate, 2773 
Amlodipine, valsartan and 
hydrochlorothiazide, 2767 
Am mon i urn chloride delayed-release, 2776 
Amodiaguine hydrochloride, 2781 
Amoxaplne, 2784 
Amoxidllin, 2789 

Amoxicillin and clavulanic acid extended- 
release, 2793 

Amoxicillin and clavulanate potassium, 
2792 

Amphetamtne sulfate, 27 97 

Ampicillin, 2810 

Anastrozole, 2320 

Anileridine hydrochloride, 2824 

Apomorphine hydrochloride, 2843 

Arg i ni ne, 6799 

Aripiprazole, 2858 

Aripiprazole orally disintegraling, 2860 
Ascorbic acid, 2867 
Aspirin, 2873 

Aspirin, alumina, and magnesia, 2877 
Aspirin, alumina, and magnesium oxide, 
2878 

Aspirin, buffered, 2874 
Aspirin and codeine phosphate, 2882 
Aspirin, codeine phosphate, alumina, and 
magnesia, 2883 
Aspirin delayed-release, 2875 
Aspirin effervescent, for orał solution, 2876 
Aspirin extended*release, 2876 
Astemizole, 2885 
Atenolol, 2888 

Atenolol and chlorthalidone, 2890 
Atropinę sulfate, 2909 
Azatadine maleate, 2914 
Azathioprine, 2916 
Azithromycin, 2929 
Ba cl of en, 2945 
Barium sulfate, 2954 
Belladonna extract, 2959 
Benazeprtl hydrochloride, 2961 
Sendroflumethiazide, 2964 
Senztropine mesy la te, 2991 
Betamethasone, 3001 
Betaxolol, 3017 
Bethanechol chloride, 3021 
Bicalutamide, 3024 
Biotin, 3027 

Biperiden hydrochloride, 3029 
Bisaeodyl delayed-release, 3033 
Bismuth subsafcylate, 3041 
Blsoprolol fumarate, 3044 
Bisoprolol fumarate and 
hydrochlorothiazide, 3045 
Black cohosh, 6843 
Bromocriptine mesylate, 3054 
Bromphemrarrine maleate, 3059 
Bu meta ni de, 3064 
Bu pro pi on hydrochloride, 3072 
Bupropion hydrochloride extended-release, 
3073 

Buspirone hydrachloride, 3082 
Busulfan, 3085 
Butabarbital sodium, 3088 
Butalbital, acetaminophen, and caffeine, 
3091 

Butalbital and aspirin, 3091 
Butalbital, aspirin, and caffeine, 3094 


Cabergoline, 3105 
Calcium acetate, 3124 
Calcium carbonate, 3129 
Calcium carbonate, magnesia, and 
simethicone chewable, 3131 
Calcium dtratę, 6855 
Calcium gluconate, 3141 
Calcium i-5-methyitetrabydrofolate, 6861 
Calcium łaciate, 3144 
Calcium and magnesium carbonates, 3134 
Calcium pantothenate, 3147 
Calcium phosphate, di basie, 3152 
Calcium with vitamin D, 6863 
Calcium and vitamin D with minerals, 

6864 

Candesartan cilexetil, 3157 
Candesartan cilexetit and 
hydrochlorothiazide, 3159 
Capeeitabine, 3164 
Captopril, 31 75 

Captopril and hydrochlorothtazide, 31 76 
Carbamazeplne, 3182 
Carbamazepine extended-release, 3184 
Carbenidllin indanyl sodium, 3188 
Carbidopa and levodopa, 3189 
Levodopa and carbidopa extended-relea$e, 
3190 

Carbidopa and levodopa orally 
disintegraling, 3196 
Carbinoxamine maleate, 3198 
Calcium carbonate and magnesia 
chewable, 31 31 

Carboxymethytce3iulose sodium, 3208 
Carisoprodol, 3210 
Carisoprodol, aspirin, and codeine 
phosphate, 3212 
Carisoprodol and aspirin, 3211 
Carprofen, 3219 
Carteolol hydrochloride, 3222 
Ca rvediloi, 3226 
Cascara, 3232 
Cat's claw, 6874 
Cefador chewable, 3239 
Cefaclor extended-release, 3240 
Cefadroxil, 3245 
Cefixime, 3267 
Cefpodox] me praxetll, 3293 
Cefprozil, 3298 
Cefuroxime axetil, 3312 
Cephalexin, 3320 

Cephalexin, for orał suspension, 3321 
Cephradine, 3330 
Cetifizine hydrochloride, 3334 
Cetirizine hydrochloride orally 
disintegraling, 3336 
Cetrizine hydrochloride and 
pseudoephedrine hydrochloride 
extended-release, 3338 
Chlornmbucil, 3346 
Chloramphenlcol, 3351 
Chlord1azepoxide, 3357 
Chlordiazepoxide and amitriptyline 
hydrochloride, 3358 
Chloroquine phosphate, 3379 
Chiorothiazide, 3382 
Chlorpheniramine maleate, 3388 
Chlorpromazine hydrochloride, 3394 
Chlorpropamide, 3395 
Chlortetracycline hydrochloride, 3398 
Chlorthalidone, 3399 
Chlorzoxazone, 3400 
Chondroitin sulfate sodium, 6902 
Chromlum picolinate, 6907 
Cilostazol, 3419 
Cimetldine, 3422 
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Ciproffoxacin, 3432 
Ciprafloxadn extended-release, 3433 
Cttalopram, 3449 
Claffthromydn, 3463 
Clarithromycin extended-release, 3465 
Clemastine fumarate, 3472 
Clomiphene citrate, 3501 
Clonazepam, 3506 

Clonazepam o rally disintegrating, 3506 
Cfonidine hydrochloride, 3510 
Clonidine hydrochloride and 
chlorthalidone, 3511 
Clopidogrel, 3517 
Clorazepate dipotassium, 3521 
Clover, red, 7147 
Clozapine, 3537 

Cocaine hydrochloride, for topi cal solution, 
3542 

Codeine phosphate, 3548 
Codeine sulfate, 3551 
Colchicine, 3553 
Colestipol hydrochloride, 3555 
Cortisone acetale, 3584 
Curcuminoids, 6919 
Cyanocobalamin, 3597 
Cyclizine hydrochloride, 3600 
Cydobenzaprine hydrochloride, 3604 
Cydophosphamlde, 3609 
Cyproheptadlne hydrochloride, 3619 
Dapsone, 3638 
Dehydratholic acid, 3643 
Demeclocydine hydrochloride, 3647 
Deslpramine hydrochloride, 3651 
Desloratadine, 3656 

Desloratadine oraliy disintegrating, 3658 
Desogestrel and ethinyl estradiol, 3663 
Dexamethasone, 3674 
Dexchlorpheniramine maleate, 3688 
Dextroamphetamine sulfate, 3703 
Dlazepam, 3720 
Dichlorphenamide, 3727 
Drdofenac potassium, 3730 
Diclofenac sodium and miso prostot 
delayed-release, 3736 
Diclofenac sodium delayed-release, 3732 
Diclofenac sodium extended-re!ease, 3734 
Dityclomine hydrochloride, 3745 
Didanosine, for orał suspension, 3750 
Diethylcarbamazme ci tratę, 3753 
Diethylpropion hydrochloride, 3754 
Diethylstilbestral, 3756 
Dfflunisal, 3760 
Digitalis, 3763 
Digitoxin, 3765 
Digoxin, 3768 
Dihydrotachysterol, 3774 
Dlhydroxyaltjminum sodium carbonate 
chewable, 3778 
Diltiazem hydrochloride, 3786 
Dimenhydrinate, 3790 
Diphenhydramine citrate and ibuprofen, 
3799 

Diphenhydramine and phenylephrfne 
hydrochloride, 3810 

Diphenoxylate hydrochloride and atropinę 
sulfate, 3816 
Di pyri da mole, 3822 
Dirithromycin delayed-release, 3824 
Disulfiram, 3827 

Divalproex sodium delayed-release, 3831 
Divalproex sodium extended-release, 3832 
Docusate sodium, 3855 
Donepezll hydrochloride, 3861 


Donepezil hydrochloride oraliy 
disintegrating, 3863 
Doxazosin, 3876 
Doxycyci ine, 3893 
Doxycydine hyc ate, 3900 
Doxycydine hyc ate delayed-release, 3902 
Doxy!amine sutdnate, 3907 
Dronedarone, 3910 

Draspirenone and ethinyl estradiol, 3916 
Dyd rag e sterane, 3928 
Dyphylline, 3930 
Dyphylline and guaifenesin, 3932 
Efavirenz, 3947 
Enalapnl maleate, 3971 
Enalapril maleate and hydrachlorothiazide, 
3973 

En taca p one, 3988 

Entecaw, 3992 

Erg ocal cif e rot, 4015 

Ergoloid mesyfates, 4018 

Ergoloid m esy la te s sublingual, 4019 

Ergonovine maleate, 4021 

Ergotaminę tartratę, 4025 

Ergotaminę tartrate and caffeine, 4027 

Ergotaminę tartrate sublingual, 4026 

Erythromycin, 4036 

Erythromycin delayed-release, 4037 

Erythromycin es to la te, 4040 

Erythromycin ethylsuccinate, 4044 

Erythromycin stearate, 4049 

Esci tal oprą m, 4052 

Estazolam, 4062 

Estradiol, 4070 

Estradiol and norethindrone acetate, 4071 

Estrogens, conjugated, 4081 

Estrogens, esterified, 4085 

BtropEpate, 4089 

Eszopiclone, 4091 

Ethacrynic add, 4094 

Ethambutol hydrochloride, 4096 

Ethinyl estradiol, 4100 

Ethionamide, 4103 

Ethotoin, 4108 

Ethynodiol diacetate and ethinyl estradiol, 
4110 

Ethynodiol diacetate and mestranol, 4111 
Etidronate disodbrn, 4713 
Etodolac, 4116 

Etodolac extended-release, 4716 
Ezetimibe, 4129 
Famotidine, 4140 
Felbamate, 4145 

Fe I odip i ne ex te nd ed - rei ea se, 4148 
Fenofibrate, 4157 
Fenoprofen calclum, 4163 
Ferrous fumarate, 4169 
Ferro u s fumarate and docusate sodtum 
extended-release, 4170 
Ferrous gluconate, 4175 
Ferrous sulfate, 4178 
Fexofenadine hydrochloride, 4186 
Fexofenadine hydrochloride and 
pseudoephedrine hydrochloride 
ex ten d e d -re I ease, 4189 
Flnasteride, 4201 
Flavoxate hydrochloride, 4204 
Flecainide acetate, 4207 
Fluconazole, 4221 
Fludracortisone acetate, 4229 
Fluoxetine, 4263 
Fluoxymesterone, 4267 
Flurbiprofen, 4280 
FJuvoxanmne maleate, 4319 
Folie add, 4323 
Fosinopril sodium, 4337 


Fosinopril sodium and hydrochiorothlazlde, 
4338 

Furazolidone, 4347 
Fu rasem i de, 4350 
Gabapentm, 4353 
Galantamine, 4373 
Garlic delayed-release, 6993 
Cemfibrozil, 4389 
Ginkgo, 7010 
Ginseng, American, 6792 
Ginseng, Asian, 6809 
Glimepiride, 4402 
Glipizide, 4405 

Glipizide and metformin hydrochloride, 
4407 

Glucosamine, 7014 
Glucosamine and chondroittn sodium 
sulfate, 7012 

Glucosamine, chondroitin sulfate sodium, 
and methyfsulfonylmethane, 7019 
Glucosamine and methylsulfonylmethane, 
7017 

Glyburide, 4415 

Glyburide and metformin hydrochloride, 
4418 

Glycopyrrolate, 4428 
Granisetron hydrochloride, 4443 
Griseofulvin, 4448 
Griseofulvin, ultramicrosize, 4449 
Guaifenesin, 4452 
Guanabenz acetate, 4457 
Guanethidine monosulfate, 4459 
Guanfacine, 4460 
Guggul, 7037 
Halazone for solution, 4463 
Haioperldol, 4470 
Homatropine meLhylbromrde, 4489 
Hydralazine hydrochloride, 4494 
Hydrachlorothiazide, 4499 
Hydrochlorothiazide and amiloride 
hydrochloride, 2717 
Hydrocodone bita rt ratę, 4500 
Hydrocodone bitartrate and 
acetaminophen, 4501 
Hydrocodone bitartrate and homatropine 
methylbromide, 4502 
Hyd raco rtisone, 4509 
Hydroflumethiazide, 4523 
Hydromorphone hydrochloride, 4530 
Hyd roxyc h loroq uf ne su I f ate, 4535 
Hydroxyzine hydrochloride, 4542 
Hyoscyamine, 4547 
Hyoscyamine sulfate, 4551 
Ibuprofen, 4558 

Ibuprofen and pseudoephedrine 
hydrochloride, 4559 
Imipramine hydrochloride, 4574 
fndapamide, 4585 
lodogulnol, 4649 
trbesartan, 4673 

Irbesartan and hydrochlorothiazide, 4674 
Isoniazid, 4695 
Isopropamide fodide, 4696 
I sop rotę reno I hydrochloride, 4702 
Isosorbide dinitrate chewable, 4710 
Isosorbide dinitrate extended-re!ease, 4710 
Isosorbide dinitrate sublingual, 4712 
Isosorbide mononitrate, 4714 
Isosorbide mononitrate extended-reJea$e, 
4715 

lsoxsuprine hydrochloride, 4726 
lvermectin, 4734 

[vermectln and pyrantei pamoate, 4737 
Ketoconazole, 4748 
Ketorolac tromethamine, 4756 
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Labetalol hydrochloride, 4760 

Lamivudine, 4767 

Lamivudine and zidovudine, 4769 

Lamotrigine, 4772 

lamotrigine extended-release, 4774 

Lamotrigine, for orał suspension, 4776 

Lefiunomide, 4791 

Letrozole, 4793 

Leucovorin caldum, 4798 

Levamisoie hydrochloride, 4805 

Leveti race tam, 4811 

Levetiracetam extended-reJea$e, 4812 

Levocarnitme, 4824 

Levocetirizine dihydrochloride, 4826 

Levodopa, 4830 

Levofloxacin, 4834 

Levonorgestrel and ethinyl estradiol, 4837 

Levorphanof tartrate, 4839 

Levothyroxine sodium, 4843 

Lfothyronin# sodium, 4861 

Uotrix, 4862 

Li poić acid, alpha, 7078 

Usinopril, 4866 

Usinopril and hydrochlorothiazide, 4867 
Lithfum carbonate, 4872 
Lithium carbonate ex ten ded-release, 4873 
Loperamide hydrochloride, 4882 
Lopinavir and ritonavir, 4890 
Loratadine, 4899 
loratadine chewable, 4900 
Loratadine orally disintegrating, 4901 
Lorazepam, 4908 
Losartan potassium, 4911 
Losartan potassium and 
hydrochlorothiazide, 4913 
Lovastatin, 4919 
Łysinę hydrochloride, 7087 
Magaldrate, 4931 

Magaldrate and simethicone chewable, 
4933 

Magnesia, 4934 
Magnesium gluconate, 4943 
Magnesium oxide, 4947 
Magnesium salicylate, 4950 
Magnesium trisilicate, 4954 
Maprotifine hydrochloride, 4964 
Mazindol, 4967 
Mebendazole, 4970 
Mecamylamine hydrochloride, 4973 
Medizine hydrochloride, 4976 
Medroxyprogesterone acetale, 4982 
MefIoquine hydrochloride, 4985 
Megestrol acetate, 4989 
Melatonin, 7095 
Me3oxicam, 4995 
Melphalan, 4997 
Memantine hydrochloride, 5000 
Menadiol sod i urn diphosphate, 5004 
Menaquinone-7, 7100 
Meperidine hydrochloride, 5009 
Mephenytosn, 5011 
Mephobarbital, 5013 
Meprobamate, 5019 
Mercaptopurine, 5022 
Mesalamine delayed-release, 5032 
Mesoridazine besytate, 5037 
Meta pro teren ol sulfate, 5043 
Metaxalone, 5046 
Metformin hydrochloride, 5048 
Metformin hydrochloride extended-release, 
5050 

Methadone hydrochloride, 5063 
Methamphetamine hydrochloride, 5065 
Methazolamide, 5066 


Methdtlazine hydrochloride, 5068 
Methenamine, 5070 
Methenamine hippurate, 5072 
Methenamine mandelate, 5074 
Methenamine mandelate delayed-release, 
5074 

Methimazole, 5076 
Methocarbamol, 5079 
Methotrexate, 5086 
Methscopofamine bromide, 5091 
Methyclothiazide, 5094 
Methylcellulose, 5099 
Methyłcobalarmn, 7103 
Methyldopa, 5101 

Methyldopa and ehlorothiazide, 5101 
Methyldopa and hydrochforothiazide, 
5103 

Methylergono/ine maleate, 5110 
Methylphenidate hydrochloride, 5113 
Methylphenidate hydrochloride extended- 
release, 5113 

Methylprednisolone, 5118 
Methylsutfonylmethane, 7105 
Methyltestosterone, 5126 
Methysergide maleate, 5127 
Metod oprą m i de, 5131 
Metolazone, 5134 

Meto pro [o I su cc [na te ex ten ded-release, 
5138 

MetoproJo! Lartrate, 5143 
Metoprolol tartrate and 
hydrochlorothiazide, 5144 
MetronidazolĄ 5153 
Metron i dazole extended-release, 5154 
Metyrapone, 5157 
Midodrine hydrochloride, 51 70 
Milk thistle, 7112 
Mi nera Is, 7121 

Minocycline hydrochloride, 51 78 
Minocycline hydrochloride extended- 
release, 5178 
Mmoxidil, 5184 
Mirtazapine, 5188 

Mirtazapine orały disintegrating, 5189 
Mitotane, 5196 
Modafinil, 5199 

Memantine hydrochloride, 5203 
Moexipril hydrochloride and 
hydrochlorothiazide, 5205 
Molindone hydrochloride, 5208 
Montelukast sodium, 5222 
Monte lukast sodium che wabię, 5225 
Moricizine hydrochloride, 5230 
Mycophenolate mofetll, 5253 
Mycophenollc acid delayed-release, 5257 
Na bu me tonę, 5262 
NadoloJ, 5264 

Nadolol and bendroffumethiazide, 5265 

Nafcillin sodium, 5268 

Nalidixic acid, 5271 

Naltrexone hydrochloride, 5276 

Naproxen, 5284 

Naproxen delayed-release, 5285 

Naproxen sodium, 5287 

N ara tri plan, 5290 

Nateglinide, 5297 

Nefazodone hydrochloride, 5299 

Neomydn sulfate, 5302 

Neostigmine bromide, 5327 

Nevirapine, 5333 

Niacin, 5336 

Niacinamide, 5340 

Niacin extended-release, 5337 

Nifedipine extended-release, 5354 

Mi tref u ran toin, 5366 


Nitroglycerin sublingual, 5372 
Norethindrone, 5382 
Norethindrone acetate, 5387 
Norethindrone acetate and ethinyJ 
estradiol, 5387 

Norethindrone and ethinyl estradiol, 5384 
Norethindrone and mestranol, 5385 
Norfloxacin, 5390 

Norgestimate and ethinyl estradiol, 5393 
Norgestrel, 5395 

Norgestrel and ethinyl estradiol, 5396 
Nystatin, 5403 
Ofloxacin, 5413 
Olanzapine, 5416 

Olanzapine orally disintegrating, 5420 
Ondansetron, 5445 

Ondansetron orally disintegrating, 5448 
Qrbifloxacin, 5452 

Orphenadrrne citrate, aspirin, and caffeine, 
5462 

Orphenadrine citrate extended-release, 
5460 

Oxandrolone, 5483 
Oxaprozin, 5486 
Oxazepam, 5490 
Oxcafbazepine, 5494 
Oxprenolol hydrochloride, 5499 
Oxprenolol hydrochloride extended- 
release, 5499 
Oxtriphylline, 5501 
Oxtriphyliine extended-release, 5501 
Oxybutynin chloride, 5505 
Oxybutynin chloride extended-release, 
5506 

Oxycodone and acetaminophen, 5517 
Oxycodone and aspirin, 5518 
Oxycodone hydrochloride, 5513 
Oxycodone hydrochloride extended- 
release, 5513 
Oxymetho!one, 5525 
Oxymorphcme hydrochloride, 5528 
Oxymorphone hydrochloride extended- 
release, 5530 
O xy tetracyc linę, 5533 
Pancreatin, 5555 
Pancrelipase, 5558 

Pantoprazole sodium delayed-release, 5565 
Papain, for topie a I solution, 5569 
Papaverine hydrochloride, 5571 
Raroxetine, 5582 

Paroxetine ex te nded-release, 5583 
Penbutolol sulfate, 5592 
PeniciIlaminę, 5596 
Penicillin C benzathine, 5600 
Penicillln G potassium, 5606 
Penicillin V, 5619 
Penicillin V potassium, 5623 
Pentazocine and acetaminophen, 5625 
Pentazocine and aspirin, 5627 
Pentazocine and na!oxone, 5629 
Pentoxifyłfine extended-release, 5636 
Pergolide, 5643 
Perindopril erbumine, 5647 
Perphenazine, 5652 
Perphenazlne and amitriptyline 
hydrochloride, 5652 
Phenazopyrldine hydrochloride, 5656 
Phendimetrazine tartrate, 5659 
Phenelzine sulfate, 5660 
Phenmetrazine hydrochloride, 5662 
Phenobarbitat, 5665 
Phentermine hydrochloride, 5673 
Phenylbutazone, 5678 
Phenylephrlne hydrochloride, 5685 
Phenytoin che wabię, 5691 
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Phytonadfone, 5702 
Pilocarpine hydrochbride, 5707 
Pimozide, 5710 
Pindolol, 5712 
Pioglitazone, 5715 
Pioglitazone and glimepiride, 5716 
Pioglitazone and metformin hydrochioride, 
5720 

Piperazine dtrate, 5757 
Potassium and sod fum bicarbonates and 
citric add effervescent, for orał soiution, 
5759 

Potassium bicarbonate effervescent, for 
orał soiution, 5758 
Potassium bicarbonate and potassium 
chioride effervescent, for orał soiution, 
5759 

Potassium chioride exlended~refea5e, 5766 
Potassium chioride, potassfum bicarbonate, 
and potassium d tratę effervescent, for 
orał soiution, 5769 
Potassium dtrate, 713^ 

Potassium dtrate extended-release, 5774 

Potassium gluconate, 5779 

Potassium iodide, 5783 

Potassium iodfde delayed-release, 5784 

Pravastatin sodium, 5801 

Praziguantel, 5804 

Prednlsofone, 5813 

Prednisone, 5824 

Primaguine phosphate, 5830 

Primidone, 5833 

Probenerid, 5835 

Probenecid and colchidne, 5835 

Probucoł, 5838 

Procamamide hydrochioride, 5840 
Proca!namide hydrochbride extended- 
release, 5840 

Proc hbrpe razi ne maleate, 5850 
Procydidine hydrochbride, 5852 
Promazine hydrochioride, 5862 
Promethaztne hydrochbride, 5867 
Propafenone hydrochloride, 5880 
Propantheline bromide, 5883 
Propranoloi hydrochbride, 5895 
Propranolol hydrochbride and 
hydrochbrothiazide, 5895 
Propyl thburacil, 5901 
Protriptyline hydrochbride, 5904 
Pseudoephedrine hydrochioride, 5907 
Pseudoephedrine hydrochbride extended- 
release, 5908 
Pyrazinamide, 5920 
Pyridostigmine bromide, 5923 
Pyridoxine hydrochbride, 5926 
Pyrilamine maleate, 5928 
Pyrimethamine, 5930 
Pyrvinium pamoate, 5932 
Quazepam, 5933 
Qyetiapine # 5934 

Quet!apine, extended-release, 5937 
Quinapril, 5944 

Quinapril and hydrochlorothiazide, 5942 
Quimdine gluconate extended-refease, 

5948 

Quinidine sulfate, 5953 
Quinidine sulfate extended-release, 5954 
Quinine sulfate, 5958 
Raloxłfene hydrochbride, 5967 
Ranitidine, 5977 
Rauwolfia serpentfna, 5981 
Repaglinide, 5985 
Reserpine, 5989 

Reserpine and chbrothiazide, 5990 


Reserpine and hydrochlorothiazide, 5992 
Rhpdioto rosea, 7157 
Ribavirin, 5999 
Riboflavin, 6002 

Rtfampin, isoniazid, and pyrazinamide, 
6012 

Rifampin, isoniazid, pyrazinamide, and 
ethambulol hydrochioride, 6013 
Ribzole, 6015 

Rimantadine hydrochbride, 6017 
Risedronate sodium, 6035 
Risperidone, 6039 

Risperidone o rally disintegrating, 6041 
Ritodrine hydrochioride, 6044 
Ritonavir, 6054 
Rizatriptan benzoate, 60 62 
Rizatriptan benzoate orally disintegrating, 
6064 

Ropinirofe, 6068 

Ropinirole extended-release, 6070 
Ruf mambę, 6084 
Saccharin sodium, 6090 
5Ł john's wort fbwering top dry extract, 
7173 

Salsalate, 6105 

Scopofamine hydrobromide, 6129 
Sefegiline hydrochioride, 6137 
Sen n osad es, 6145 
Sertraline hydrochioride, 6150 
Sifdenafil, 6156 
Simethicone, 6163 
Simvastatin, 6165 
Srtagliptin, 6169 
Sodium bicarbonate, 6178 
Sodium chioride, 6185 
Sodium chioride, for soiution, 6186 
Sodium fluoride, 6190 
Sodium salicyfate, 6207 
Sotalol hydrochioride, 6217 
Soy isoflavones, 7200 
Sprronola clone, 6223 
Spiron olać tonę and hydrochlorothiazide, 
6224 

5 pi ruli na, 7205 

Stanozobl, 6227 

Sucralfate, 6239 

Sulfadiazine, 6256 

Sulfadimethoxrne, 6261 

5ulfadoxine and pyrimethamine, 6263 

Sulfamethizole, 626 6 

Sulfamethoxazole, 6268 

Sulfamethoxazole and trimethoprirn, 6272 

Sulfapyridfne, 6274 

Sulfasalazine, 6276 

Sulfasalazine delayed-release, 6277 

Sufftnpyrazone, 6280 

Sulfisoxazole, 6281 

Sulindac, 6284 

Sumatriptan, 6290 

Tadalafil, 6312 

Tamox]fen dtrate, 6317 

Telmisartan, 6353 

Telmisartan and hydrochlorothiazide, 6355 
Terazosin, 6366 
Terbinafine, 6371 
Terbu taline sulfate, 6377 
Testolactone, 6385 
Tetracycline hydrochioride, 6408 
Tetracycline hydrochioride and novobbcin 
sodium, 6409 

Tetracycline hydrochioride, novobiocin 
sodium, and prednisolone, 6409 
Theophylline, 6422 

Theophylline, ephedrine hydrochioride, 
and phenobarbital, 6424 
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Theophylline sodium glycinate, 6427 
Thiabendazote chewable, 6429 
Thiamine hydrochioride, 6432 
Thiethylperazine maleate, 6437 
Thioguanine, 6443 
Thbridazine hydrochbride, 6448 
Thyrotd, 6457 

Tlclopidine hydrochioride, 6470 
Tiencht ginseng root and rhizome dry 
extract, 7225 

Tienchi ginseng root and rhizome powder, 
7219 

Timofol maleate, 6481 
Ti molo! maleate and hydrochbrothiazide, 
6482 

Tizanidine, 6490 
Tocainide hydrochbride, 6506 
Tolazamide, 6508 
Tolbutamide, 6511 
Tolcapone, 6513 
Tolmetin sodium, 6515 
Topiramate, 6525 
Torsemide, 6529 
Tramadol hydrochbride, 6533 
Tramadol hydrochioride and 
acetaminophen, 2575 
Tramadol hydrochioride extended-release ( 
6534 

Trandolapril, 6541 
Tra ny by p ro m i ne, 6543 
Trazodone hydrochbride, 6551 
Triamcinobne, 6557 

Triamterene and hydrochlorothiazide, 6573 
Triazolam, 6575 
Trichbrmethiaiide, 6577 
Trifluoperazine hydrochioride, 6585 
Triflupromazine hydrochbride, 6588 
TrihexyphenidyJ hydrochioride, 6591 
Trimeprazine tartrate, 6595 
Trimethoprirn, 6598 
Trioxsalen, 6601 

Tri pełen na minę hydrochioride, 6603 
Triprolidine hydrochbride, 6605 
Tri p roli di ne and pseudoephedrine 
hydrochbrides, 6606 
Trisuffapyrimrdines, 6608 
Trospium chioride, 6614 
Ubidecarenone, 7235 
Ursodiol, 6631 
Valacydovir, 6633 
Valerian, 7244 
Valganciclovir, 6638 
Valsartan, 6650 

Valsartan and hydrochlorothiazide, 6651 
Venlafaxine, 6664 
Verapamil hydrochbride, 6678 
Verapamil hydrochbride extended-release, 
6680 

Vigabatrin, 6688 
Vinpocetine, 7247 
Vitamin A, 6702 

Vitamins with minerals, oii-soluble, 7280 
Vitamins with minerals, oil- and water- 
soluble, 7375 

Vrtamms with minerals, water-solubię, 

7451 

\4tamins, oihsoluble, 7258 

Vitamins, oil- and water-soluble, 7318 

Vitamins, water-soluble, 7412 

Warfarin sodium, 6715 

Zalcitabine, 6733 

Zidovudine, 6743 

Zinc dtrate, 7474 

Zinc gluconate, 6751 

Zinc sulfate, 6758 
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Tablets (continued) 

Zoimitriptan, 6764 

Zoimitriptan orally disintegrating, 6766 

Zolpidem tartrate, 6769 

Zolpidem tartrate extended-release, 677 1 


Tacrine 

ca psuł es, 6300 
hydrochloride, 6300 
Tacroiimus, 6301 
capsules, 6304 
orał suspension, 6309 
Tadalafil, 6310 
tablets, 6312 
Tadalafit compounded 
orał suspension, 6313 
Tagatose, 7949 
Tak, 6314 

Tamoxifen citrate, 6316 
tablets, 6317 

Tamsulosin hydrochloride, 6318 
capsules, 6320 
Tan nic acid, 2397, 6329 
TS, 2422 

Tape, adheslve, 6329 
Tapioca starch, 7928 
Tartanc acid, 2397, 7950 
TS, 2422 
Tarninę, 6329 
Tazobactam, 6330 
and piperacillin for injection, 5728 
Tc 99m 

albumin aggregated injection, technetium, 

6332 

albumin colloid injection, technetium, 

6333 

albumin injection, technetium, 6331 
apcitide injection, technetium, 6335 
arcitumomab injection, technetium, 6335 
bicisate injection, technetium, 6336 
depreotide injection, technetium, 6337 
dlsofenin injection, technetium, 6337 
etidronate injection, technetium, 6338 
exametazime injection, technetium, 6338 
fanolesomab injection, technetium, 6339 
gluceptate injection, technetium, 6340 
lidofenin injection, technetium, 6341 
mebrofenin injection, technetium, 6342 
medronate injection, technetium, 6343 
mertiatide injection, technetium, 6344 
nofetumomab merpentan injection, 
technetium, 6345 

oxtdronate injection, technetium, 6345 
pentetate injection, technetium, 6345 
pertechnetate injection, sodium, 6346 
(pyro- and tri me ta-) phosphates injection, 
technetium, 6348 

pyrophosphate injection, technetium, 6348 
red blood celis injection, technetium, 6349 
sestamibi injection, technetium, 6349 
succimer injection, technetium, 6350 
sulfur colloid injection, technetium, 6351 
tetrofosmin injection, technetium, 6352 
T-dodecyl mercaptan ethoxylate, 2356 
Technetium 

Tc 99m albumin aggregated injection, 

6332 

Tc 99m albumin colloid injection, 6333 
Tc 99m albumin injection, 6331 
Tc 99m apcitide injection, 6335 
Tc 99rn arcitumomab injection, 6335 
Tc 99m bicisate injection, 6336 
Tc 99m depreotide injection, 6337 


Tc 99m disofenin Injection, 6337 
Tc 99m etidronate injection, 6338 
Tc 99m exametazime injection, 6338 
Tc 99m fanolesomab injection, 6339 
Tc 99m gluceptate injection, 6340 
Tc 99m lidofenin injection, 6341 
Tc 99m mebrofenin injection, 6342 
Tc 99m medronate injection, 6343 
Tc 99m mertiatide injection, 6344 
Tc 99m nofetumomab merpentan 
injection, 6345 

Tc 99m oxidronate injection, 6345 
Tc 99m pentetate injection, 6345 
Tc 99m pertechnetate injection, sodium, 
6346 

Tc 99 m pyrophosphate injection, 6348 
Tc 99m (pyro- and tri meta-) phosphates 
injection, 6348 

Tc 99m red bbod cetls Injection, 6349 
Tc 99rn sestamibi injection, 6349 
Tc 99m succimer injection, 6350 
Tc 99 m sulfur toJloid injection, 6351 
Tc 99m tetrofosmin injection, 6352 
Telmisartan, 6352 

and hydrochlorothiazide tablets, 6355 
tablets, 6353 
Temazepam, 6357 
ca psu [es, 6359 
Te mozołom I de, 6360 
ora! suspension, 6361 
Temperaturę 

congeallng (651), 527 
Tenlposide, 6362 
injection, 6363 
Tensile strength (881), 797 
Terazosin 

capsules, 6364 
hydrochloride, 6368 
tablets, 6366 
Terbinafine 

hydrach foride, 6372 
ora! suspension, 6370 
tablets, 6371 
Terbu tafine 
sulfate, 6374 

sulfate inhalation aerosol, 6375 
sulfate injection, 6376 
sulfate tablets, 6377 
orał suspension, 6377 
Terconazote, 6378 
Teriparatide, 6379 
Terminally sterilized pharmaceutkal 

products—parametnc reiease (1222), 1753 
Terpin hydrate, 6382 
and codeine orał solution, 6383 
ora! solution, 6383 

ferf-Sutyl hydroperoxide solution, 2397 
Tertiary butyl akohol, 2330, 2341, 2397 
Test for 1,6-anhydro derivative for 
enoxapar!n sodium (207), 261 
Te sto i a eto ne, 6384 
tablets, 6385 
Testosterone, 6386 
benzoate, 2397 
cypionate, 6387 
cyplonate injection, 6388 
enanthate, 6388 
enanthate injection, 6389 
injectable suspension, 6387 
propionate, 6389 
pro pi on a te injection, 6390 
Test papers 

and indicator, 2408 
indicators and indicator, 2406 
Test Solutions, 2411 


Tetanus 

immune globulin, 6390 
2% 45 7'-T etrabromofIuorescein, 2397 
Tetrabromopheńolphthalein ethyt ester, 2397 
TS, 2422 

Tetrabutylammonium 
bromlde, 2397 
hydrogen sulfate, 2397 
hydrogen sulfate ion pairing reagent, 2397 
hydroxide, 1.0 M in methanol, 2397 
hydroxide, 0.4 M aqueous, 2397 
hydroxide 30-hydrate, 2397 
hydroxide in methanol/isopropyl akohol 
(0.1 N), 2435 

hydroxide, tenth-normal (0.1 Ni), 2434 
iodide, 2397 
phosphate, 2397 

Tetrabutylammonium hydrogen sulfate 
0.02 M TS, 2422 

Tetrabutylammonium hydroxide, 40 percent 
in water, 2397 
Tetracaine, 6390 
and cocaine hydrochlorides and 
epinephrine topical solution, 3542 
hydrochloride, 6393 

hydrochloride, benzocaine, and bu ta mb en 
topical aerosol, 2979 

hydrochloride, benzocatne, and bu ta mb en 
gel, 2979 

hydrochloride, benzocaine, and bu ta mb en 
ointment, 2980 

hydrochloride, benzocaine, and butamben 
topical solution, 2981 
hydrochloride cream, 6394 
hydrochloride in dextrose injection, 6397 
hydrochloride injection, 6394 
hydrochloride for injection, 6395 
hydrochloride, neomycin sulfate, and 
isoflupredone acetate ointment, 5309 
hydrochloride, neomycin sulfate, and 
isoflupredone acetate topical powder, 
5310 

hydrochloride ophthalmic solution, 6396 
hydrochloride topical solution, 6397 
and menthol ointment, 6392 
ointment, 6391 

and procaine hydrochlorides and 
levonordefnn injection, 5844 

2.3.7.8- Tetrachlorodibenzo-p-dioxin, 13 C- 
labeled, 2397 

2.3.7.8- Tetrach lo rod ib e nzof u ran, ^C-labeled, 
2398 

1,1,2,2-Tetrachl oroethane, 2398 
Tetra co sane, 2398 
Tetracydine, 6398 
boluses, 6399 
hydrochloride, 6400 
hydrochloride capsules, 6402 
hydrochloride for injection, 6404 
hydrochloride, novobiodn sodium, and 
prednisolone tablets, 6409 
hydrochloride and novobiocin sodium 
tablets, 6409 

hydrochloride and nystatin capsules, 6410 
hydrochloride ointment, 6404 
hydrochloride ophthalmic ointment, 6405 
hydrochloride ophthalmic suspension, 

6407 

hydrochloride soluble powder, 6405 
hydrochloride for topical solution, 6406 
hydrochloride orał suspension, 6407 
hydrochloride tablets, 6408 
orał suspension, 6400 
Tetradecane, 2398 

Tetradecylammonium bromide, 2397 
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Tetraethylammonium perchlorate, 2398 
Tetra ethy len e glycol, 239S 
Tetra ethy lene pe n ta m 1 n e, 2398 
Tetraheptylammonium bromide, 2398 
Tetrahexyiammonium hydrogen sulfate, 2398 
Tetrahydrofuran, 2398 
peroxide4ree, 2398 
stabiltzer-free, 2398 

Tetrahydro-2-furancarboxylic acid, 2398 
N- (2 -Tetra hydro f u roy I) p i p era i i ne, 2398 
1,2,3,4-Tetrahydronaphlhalene, 2398 
Tetrahydrozoline hydrochloride, 6410 
nasal solution, 6412 
ophthalmic solution, 6412 
Te tram ethy la m mon \ u m 
bromide, 2398 

bromide, tenth-molar (0.1 M), 2435 
chloride, 2398 

chloride, tenth-molar (0.1 M), 2435 

hydroxide, 2398 

hydroxide, pen ta hydra te, 2399 

hydroxide solution m methanol, 2399 

hydro xide TS, 2422 

nitrate, 2399 

Tetramethyibenzidine, 2399 
4,4 '‘Tetra methy Id ia m i nodiphenyf metha ne, 
2399 

Tetra m ethy I siła ne, 2399 
Telrapropylammonium 
chloride, 2399 

Te t raso d i u m ethy len edlami netetra aceta te, 
2399 

Thalidomide, 641 3 
capsules, 6414 
Thallous chloride, 2399 
Tl 201 injection, 6415 
Theobromine, 2399 
Theophylline, 6416 
ca psu les, 6417 

ex ten d ed-re fea se caps u [es, 6418 
in dextrose injection, 6423 
ephedrine hydrochloride, and 
phenobarbital tablets, 6424 
and guaifenesłn capsules, 6425 
and guaifenesln orał solution, 6426 
sodium giydnate, 6426 
sodium glycinate ora) solution, 6427 
sodium glycinate tablets, 6427 
orał sol u tron, 6420 
orał suspensbn, 6421 
tablets, 6422 

Theory and practice of electrical conductmty 
measurements of Solutions (1644), 2000 
Thermal analysis (891), 798 
Thlabendazołe, 6428 
che wabię tablets, 6429 
orał suspension, 6429 
Thlamine 

hydrochloride, 6430 
hydrochloride injection, 6431 
hydrochloride orał solution, 6431 
hydrochloride tablets, 6432 
mononitrate, 6433 
mononitrate orał solution, 6434 
Thlamine assay (531), 407 
Th i a za fe yellow, 2399 
paper, 2409 

Thiethylperazme maleate, 6435 
suppositories, 6435 
tablets, 6437 
Thlmerosaf, 6437 
topi cal aerosol, 6439 
topical solution, 6440 
Uncture, 6441 


Thin-fayer chromatographic Identification test 
(201), 256 
Thioacetamide, 2399 
TS, 2423 

Thioacetamide-glycerin base TS, 2423 
2-Thiobarbituric acid, 2399 
2,2'-Thio di e tha nol P 2399 
Thioglycolic acid, 2399 
Thioguanine, 6442 
tablets, 6443 
Thionine aceta te, 2400 
Thropental sodium, 6444 
for injection, 6445 
Thioridazine, 6446 
hydrochloride, 6447 
hydrochloride orał solution, 6447 
hydrochloride tablets, 6448 
orał suspension, 6446 
Th Eos trep ton, 6449 
nystatin, neomycin sulfate, and 
triamcinolone acetonide cream, 5405 
nystatin, neomycin sulfate, and 
triamcinolone acetonide ointment, 5406 
Thiotępa, 6449 
for injection, 6450 
Thiothixene, 6451 
capsules, 6452 
hydrochloride, 6453 
hydrochbride Injection, 6453 
hydrochloride for injection, 6454 
hydrochloride ora! solution, 6454 
Thiourea, 2400 
Thorium nitrate, 2400 
TS, 2423 
Threonine, 6455 
Thrombin human, 2400 
Thromboplastin, 2400 
Thymidine, 2400 
Thymol, 2400, 7950 
blue, 2408 
biue TS, 2423 
Thymolphthalein, 2408 
TS, 2423 

Thyroglobulin, 2400 
Thyroid, 6456 
tablets, 6457 

Tiagahine hydrochloride, 6458 
orał suspension, £460 
Tramulin, 6460 
fumarate, 6462 
Tl ca rei Kin 

and ctavulanic acid injection, 6464 
and davulanic acid for injection, 6465 
di sodium, 6466 
for injection, 6463 
monosodium, 6467 
Tlclopidme hydrochloride, 6469 
tablets, 6470 

Tienchi gtnseng rool and rhizome, 7213 
dry extract capsules, 7223 
powder capsules, 7218 
dry extract, 7221 
powder, 7216 
dry ex!ract tablets, 7225 
powder tablets, 7219 
Tigecycline, 6471 
for injection, 6473 
Tli eta minę 
hydrochloride, 6475 
and zolazepam for injection, 6475 
Tilmrcosin, 6476 
injection, 6478 
Timolol 
maleate, 6479 


maleate and hydrochlorothiazide tablets, 
6482 

maleate ophthalmic solution, 6480 
maleate tablets, 6481 
Timolol maleate 

and dorzolamide hydrochloride ophthalmic 
solution, 3869 
Tin, 2400 


Tincture 

Belladonna, 2959 
Senzethonium chloride, 2967 
Benzoln, compound, 2985 
Capsicum, 31 72 
Cardamom, compound, 7584 
Ginger, 6999 
Green soap, 4445 
lodine, 4631 
lodine, strong, 4632 
Lemon, 7733 
Opium, 5450 
Orange peel, sweet, 7790 
Hhodiolo raseo, 7154 
Thimerosal, 6441 
Tolu balsam, 7952 
Valerian, 7243 
Vanilla, 7960 


Tinidazole, 6483 
Tioconazole, 6485 

Tissue human amnion chorion membranę 
dehydrated, 6486 
Titanium 
dioxide, 6487 
tetrachloride, 2400 
trichloride, 2400 
trichioride-sulfurie acid TS, 2423 
trichloride, tenth-normal (0.1 N), 2435 
trichloride TS, 2423 
Tltration, nitrite (451), 366 
Titrimetry (541), 416 
Tizanldine 

hydrochloride, 6489 
tablets, 6490 
Tl 201 

injection, thallous chloride, 6415 
Tobramycin, 6492 

and dexamethasone ophthalmic ointment, 
6500 

and dexamethasone ophthalmic 
suspension, 6501 

and fluorometholone acetate ophthalmic 
suspension, 6503 
inhalation solution, 6497 
injection, 6493 
for injection, 6494 
ophthalmic ointment, 6495 
ophthalmic soiution, 6499 
sulfate, 6504 

Tocainide hydrocliforide, 6506 
tablets, 6506 

Tocopherols exdpient, 7951 
Tolazamide, 6507 
tablets, 6508 

Tolazoline hydrochloride, 6509 
injection, 6509 
Tolbutamide, 6510 
for injection, 6511 
tablets, 6511 
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Totcapone, 6512 
tablets, 651 3 
o-Tolidine, 2400 
Tolmetin sodium, 6514 
capsules, 6515 
tablets, 6515 
Tolnaftate, 6516 
topical aerosol, 6517 
cream, 6517 
gel, 651 7 

topi cal powder, 6518 
topical solution, 6518 
Tolterodine tartrate, 6518 
Toluafdehyde, 2400 
p-Tolualdehyde, 2400 
Tolu balsam, 6520 
syrup, 7952 
tincture, 7952 
Toluene, 2400 

p-Toluenesulfomc add, 2400 
15, 2423 

p-ToiuenesulfonyR-arginine methyl ester 
hydrochloride, 2400 
p-Toluic acid, 2400 
Toluidine 
blue, 2401 
blue O, 2401 
o-Toluidine, 2400 
p-Toluldine, 2401 

Tomato extract containing fycopene, 7084 
Topical aerosols (603), 499 
Topical and transdermal drug products— 
product gualtty tests (3), 78 


Topical solutioBi 

Aluminum acetate, 2674 
Alu minom subacetate, 2686 
Aluminum sulfate and caldum acetate for, 
2687 

Aluminum sulfate and ca teru m acetate 
tablets for, 2688 
Aminobenzoic add, 2 727 
Benzethonlum ćhloride, 2967 
Benzocaine, 2977 

Benzocaine, butamben, and tetracaine 
hydro ćhloride, 2981 
Caldum hydroxide, 3143 
Carbamide peroxide, 3186 
Carbof-fuehsin, 3198 
Cetylpyddinium ćhloride, 3344 
Chlorhexidine acetate, 3366 
Chlorhextdine gluconate, 3370 
C3dopirox, 3411 
Ciindamydn phosphate, 3483 
Clobetasof propionate, 3493 
Clotnmazole, 3527 
Coal tar, 3538 

Cocaine hydrochloride tablets for, 3542 
Cocaine and tetracaine hydrochlorides and 
epinephrme, 3542 
Drethyltoluamide, 3757 
Dimethyl sulfoxide, 3793 
Dydonine hydrochloride, 3927 
Erythromycin, 4036 
Fluocinolone acetonide, 4241 
Fiuocinonide, 4244 
Fluorouradl, 4259 

Gentamicin sulfate and betamethasonę 
valerate, 4396 
Gentian violet, 4400 
Haldnonide, 4467 
Hydrogen p ero xide, 4525 


Hydroguinone, 4531 
lodine, 4630 
lvermectin, 4736 
Lidocalne hydrochloride, 4851 
Mafenide acerate for, 4928 
Methoxsalen, 5089 
Minoxidil, 5185 
Mometasone furoate, 5213 
Myrrh, 5260 
Nltrofurażone, 5369 
Nitromersol, 5373 
Papain tablets for, 5569 
Phenol, camphorated, 5668 
Rodophyllum resin, 5744 
Povidonenod ne, 5794 
Sodium fluoride and acidulated phosphate, 
6190 

Sodium hypochlonte, 6193 
Tetracaine hydrochloride, 6397 
Tetracycline hydrochloride for, 6406 
Thimerosal, 6440 
Tolnaftate, 6518 
Tretinoin, 6556 


Topical suspension 

Calamine, 3110 
Calamine, phenolated, 3111 
Ciclopirox o laminę, 3414 
Ciindamydn phosphate, 3484 
Penicillin C, neomydn, polymyxin B, 
hydrocortisone acetate, and 
hydrocortisone sodium suednate, 5597 
Penicillin C procaine, neomycin and 
po1ymyxin B sulfates, and hydrocortisone 
acetate, 5614 
Resorcinol and sulfur, 5994 
Selenium sulfide, 6140 
Sulfacetamide sodium, 6251 
Zinc sulfide, 6758 


Topiramate, 6521 
ca psuł es, 6523 
tablets, 6525 
Topiramate compounded 
orał suspension, 6527 
Torsemide, 6528 
tablets, 6529 

TotaJ organie carbon (643), 522 
Tragacanth, 7952 
Tramadol hydrochloride, 6531 
and acetaminophen orał suspension, 6538 
and acetaminophen tablets, 2575 
orał suspension, 6532 
tablets, 6533 

extended-release tablets, 6534 
Tramadol hydrochloride compounded, 
veterinary 

orał suspension, 6539 
Trandolapril, 6540 
tablets, 6541 
Tranexamic acid, 6542 
Transdermal system 
clonidine, 3512 
nicotine, 5345 

Transfer of anafyticaJ procedures (1224), 
1778 

Tranyfcypromine 
sulfate, 6545 
tablets, 6543 


Travoprost, 6547 
ophthalmtc solution, 6548 
Trazodone hydrochloride, 6549 
tablets, 6551 
Trehalose, 7953 
Trenbolone acetate, 6553 
Tretinoin, 6554 
cream, 6555 
gel, 6555 

topical solution, 6556 
Triacetin, 6556 
n-Triacontane, 2401 
Triamdnolone, 6557 
aceton i de, 6558 
acetonide cream, 6559 
acetonide dentai pastę, 6561 
acetonide injectable suspension, 6565 
acetonide topical aerosol, 6559 
acetonide lotion, 6560 
acetonide and neomycin sulfate cream, 
5326 

acetonide and nystatin cream, 5407 
acetonide, nystatin, neomycin sulfate, and 
gramicidtn cream, 5404 
acetonide, nystatin, neomycin sulfate, and 
gramicidin ointment, 5404 
acetonide, nystatin, neomycin sulfate and 
thiostrepton cream, 5405 
acetonide, nystatin, neomycin sulfate, and 
thiostrepton ointment, 5406 
acetonide and nystatin ointment, 5407 
acetonide ointment, 6560 
acetonide nasal spray, 6561 
diacetate, 6565 

di acetate injectable suspension, 6566 
di acetate orał solution, 6566 
hexacetonide, 6567 

hexacetonide injectable suspension, 6568 
tablets, 6557 

2,4,6-Triamino-5-nitrosopynmldine, 2401 
Triamterene, 6569 
capsules, 6569 

and hydrochlorothiazide capsules, 6571 
and hydrochlorothiazide tablets, 6573 
Triazolam, 6574 
tablets, 6575 

Tribasic calcium phosphate, 7552 
Tribasic sodium phosphate, 7885 
Tri butyl 
□tratę, 7954 
phosphate, 2401 

Tributylethylammonium hydroxide, 2401 
Tributyrin, 2401 
Trichlormethiazide, 65 76 
tablets, 6577 
Trlchloroacetic add, 2401 
Trichloroethane, 2401 
Trichlorofiuoromethane, 2401 
Tri ch I o rom o nof I u o rom e tha ne, 7955 
Trichlorotrifluoroethane, 2401 
Tricitrates orał solution, 6577 
Tridocarban, 6578 
Tridosan, 6580 
nTricosane, 2401 
Trientine hydrochloride, 6582 
capsules, 6583 
Thethanolamine, 2401 
Triethylamine, 2401 
hydrochloride, 2401 
phosphate, 2401 
Triethyt citrate, 7956 
Triethylenediamine, 2402 
Triethylene glycol, 2402 
Trifluoperazine 

hydrochloride, 6584 
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Trifluoperazine (corttinued) 
hydroehloride injection, 6585 
hydroehloride tablets, 6585 
orał solution, 6584 
Trifłuoroacetlc 
add, 2402 
anhydride, 2402 

Trifluoroacelic acid (TFA) m peptides (503J) 
394 

2.2.2- Trrfi uoroetha n ol, 2402 

2. 2.2- Tri fi uoroethyld ifiu o romethy I ether, 
2402 

(m-Trif I u o rom e thy Ip h e ny I) 
trimethylammonium hydroxide in 
methanol, 2402 
5-(Trifluoromethyl)uradl, 2402 
a,a,ra-Trifiuora-p-cresol, 2402 
Tnfluorovinyl chloride polymer, 2402 
Triflupromazine, 6586 
hydroehloride, 6587 
hydroehloride injection, 6588 
hydroehloride tablets, 6588 
orał suspension, 6586 
Triflurldine, 6589 
Triglycerides medium-chaln, 7957 
Trihexyphenidyl hydroehloride, 6589 
extended-release capsules, 6590 
orał solution, 6591 
tablets, 6591 

Trikates orał solution, 6593 
Triketohydrindene hydra te 
TS, 2418, 2423 
Trimeprazine 
orał solution, 6594 
tartrate, 6593 
tartrate tablets, 6595 
Trimelhobenzamide hydroehloride, 6595 
capsules, 6596 
injection, 6596 
Trimethoprim, 6597 
and polymyxin B sulfate ophthafmic 
solution, 5754 

and $ulfamethoxazole injection, 6269 
and sulfametboxazole orał suspension, 

6270 

and sulfamethoxazole tablets, 6272 
sulfate, 6598 
tablets, 6598 

Tri m e thy I acethyd ra zi d e ammonium chloride, 
2361, 2402 

Trimethylchlorosilane, 2402 

2.2.4- Trimethylpentane, 2366, 2402 

2.4.6- Trimethylpyridine, 2402 
iV-{TnmethyI sIlyl)4midazo le, 2 403 
Trimethyltin bromide, 2403 
Trimipramine maleate, 6599 

2.4.6- Tnnitrobenzenesulfonic acid, 2403 
Trinitrophenof, 2403 

TS, 2419, 2423 
Trioctylp hos p h i ne ox id e, 240 3 
Trioxsalen, 6600 
tablets, 6601 

Tripelennamme hydroehloride, 6601 
injection, 6602 
tablets, 6603 

1.3.5- Triphenylbenzene, 2403 
Triphenylmethane, 2403 
Triphenylmethanol, 2403 

Tri p heny I te t razo I i u m 
chloride, 2403 
chloride TS, 2423 
Triprolidlne 
hydroehloride, 6603 
hydroehloride orał solution, 6604 
hydroehloride tablets, 6605 


and pseudoephedrine hydrochlorides orał 
solution, 6606 

and pseudoephedrine hydrochlorides 
tablets, 6606 

Tris(2-aminoethyl)amine, 2403 
Tris(hydroxymethyf)aminomethane, 2403 
atetate, 2403 
hydroehloride, 2403 

W-Tri s(hyd roxym ethy l)m et hy Iglyd ne, 2403 
Trisulfapyrimidines 
ora! suspension, 6607 
tablets, 6608 

Tritirachium album proteinase K, 2403 
Troi a mlne, 7959 
saficylate, 6608 
Tromethamtne, 2403, 6609 
ca rbo prost, 3205 
carboprost, injection, 3206 
for Injection, 6610 
Tropaeoiin OO, 2403 
Tropie acid, 2403 
Tropicamide, 6610 
ophthalmic solution, 6612 
Tropine, 2403 
Trospium chloride, 6613 
tablets, 6614 
Trypan blue, 2403 
Trypsin, crystallized, 6616 
Tryptone, 2403 
Tryptophan, 6617 
5-Hydroxy-L-, 7227 
l-Tryptophane, 2403 
Tuberculin purified protein derivative 
(Tubercufin PPD), 2404 
Tubocuranne chloride, 2404, 6618 
injection, 6619 
Tungstic acid, 2404 
Turmeric, 7228 
powdered, 7230 
extract, powdered, 7232 
Turmeric paper, 2409 
Tylosin, 6619 
granulated, 6620 
Injection, 6621 
tartrate, 6622 
Tyloxapol, 6623 
Tyrosine, 6624 
L-Tyrosine disodlum, 2404 
Tyrothridn, 6625 


U 


Ubidecarenone, 7233 
capsules, 7234 
tablets, 7235 
Ubiquinol, 7236 
capsules, 7237 

Ultraviolet-visible spectroscopy (857), 789 
U!travioief>visible spectroscopy—theory and 
practlee (1857), 2129 
Undecylenic acid, 6626 
omtment, compound, 6626 
Uniformity of dosage units <905), 802 
Uracil, 2404 
Urany! acetatę, 2404 
cobalt, T5, 2414 
zinc, TS, 2423 
Urea, 2404, 6627 
C 13, 3199 . 

C 1 3 for orał solution, 3200 
C 14 capsules, 3201 


for injection, 6628 
Urethane, 2404 
Uridine, 24 04 
Ursodiol, 6628 
capsules, 6629 
orał suspension, 6630 
tablets, 6631 

U5P and NF exdpients listed by category, 
7485 

USP poi lei es, xxix 

USP reference standards (11), 104 


V 


Vaccine 

Anthrax adsorbed, 2828 
BCG, 2955 


Vaccines for human use 
bacterial vaccines (1238), 1943 
generał considerations (1235), 1905 
polysaccharide and gfycoconjugate 
vaccines (1234), 1888 
Vactinia immune globulin, 6633 
Vafacyclovir 
orał suspension, 6633 
tablets, 6633 

Valacyclovir hydroehloride, 6635 
Valerian, 7238 
extract, powdered, 7241 
powdered, 7240 
tablets, 7244 
tincture, 7243 
Va!erit acid, 2404 
Valerophenone, 2404 
Valganddovfr 
hydroehloride, 6639 
tablets, 6638 
Va li dat ton 

of alternative mlcrobiologlcal methods 
(1223), 1756 

of compendiaJ procedures (1225), 1780 
of microbial recovery from pharmacopeiaf 
articles (1227), 1787 
Validation of altemative methods to 
antibiotic microbial assays (1223.1), 1770 
Valine, 6642 
VaIproate sodtum 
injection, 6643 
Valproic acid, 6644 
capsules, 6645 
orał solution, 6646 
Valrubidn, 6646 
intravesical solution, 6648 
Valsartan, 6649 
tablets, 6650 

amlodipine, and hydrochlorothiazide 
tablets, 2767 

and amlodipine tablets, 2763 
and hydrochlorothiazide tablets, 6651 
Vanadium pentoxide, 2404 
Vanadyl sulfate, 2404 
Yancomycin, 6654 
hydroehloride, 6656 
hydroehloride capsules, 6658 
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Vancomycin (co ntinued) 
hydrochloride for injection, 6658 
hydrochloride for orał sołution, 6660 
injection, 6655 
Vanilla, 7959 
tincture, 7960 
Vaniffin, 7960 

Vapor phase stenFizatfon (1229,11), 1847 
Yaricella-zoster immune globulin, 6661 
Yasopressin, 6662 
injection, 6662 
Yecuronium bromide, 6663 
Yegetabłe oil, hydrogenated, 7961 
Yehide 

for orał sołution, 7788 
for orał sołution, su gar free, 7788 
for orał suspension, 7788 
suspension structured, 7948 
suspension structured, sugar-free, 7948 
Venlafaxine 
hydrochlonde, 6666 

hydrochloride extended-re!ease capsules, 
6667 

tablets, 6664 

Yerapamil hydrochloride, 6674 
extended-release capsules, 6675 
injection, 6676 
orał sołution, 6677 
orał suspension, 6678 
tablets, 6678 

exlended-release tablets, 6680 
Vardenafil 

hydrochloride, 6660 
Verification of compendiał procedures 
(1226), 1786 
Yerteporfin, 6683 
for injection, 6684 


Veterinary 

Atenolol compounded ora! suspension, 
2889 

Benazepril hydrochloride compounded ora! 
suspension, 2963 

Buprenorphine compounded buccal 
sołution, 3069 

Doxycycline compounded orał suspension, 
veterinary, 3895 

Enatapril maleate compounded orał 
suspension, 3970 
Methylene błue injection, 5107 
Pergollde orał suspension, 5642 
Potassium bromide orał sołution, 5762 
Prednisolone compounded orał suspension, 
5816 

Sodium bromide injection, 6179 
Sodium bromide orał sołution, 6180 
Spironolactone compounded orał 
suspension, 6222 

Tramadol hydrochloride compounded orał 
suspension, 6539 

Yoriconazole compounded ophthalmic 
sołution, 6710 

Yibrational drcular dichroism 
spectroscopytheory and practice {1 782), 
2136 

Vibrational circular dichroism spectroscopy 
(782), 649 
Yigabatrin, 6685 
for orał sołution, 6687 
tablets, 6688 
Vinblastine sułfate, 6690 
for injection, 6691 


Yincristine suifate, 6693 
injection, 6694 
for injection, 6695 


Vlnorelbine 
injection, 6698 
tartrate, 6697 
Yinpocetine, 7245 
capsules, 7247 
tablets, 7247 
Vinyl acetate, 2405 
2-VinyJpyridine, 2405 
Yinylpyrrolidinone, 2405 
Viral safety evaluation of biotechnology 
products derived from celi lines of human 
or animal origin <1050), 1067 
Yirology test methods (1237), 1922 
Virus testing of human plasma for further 
manufacture (1240), 1956 
yiscosity—capiflary methods (911), 806 
Vtscosity—pressure driven methods (914), 
814 

Yiscosity—rolling bali method (913), 812 
Viscosity—rotattonaI methods (912), 808 
Yisibfe particulaies in injections (790), 671 
Vitamin 
A, 6699 

Aassay (571 >, 454 
A capsules, 6700 
A ora! liquid preparation, 6701 
A tablets, 6702 
Bi 2 actMty assay (171), 242 
C assay (580), 459 
C and zinc fozenges, 7475 
D assay (581), 462 

D and ca lei u m with minerals tablets, 6864 
D with calclum tablets, 6863 
E, 6703 

E assay <551), 419 
E capsules, 6705 

E polyethylene glycol suednate, 7961 
E preparation, 6707 
Yitamins 

capsules, oil-soluble, 7248 
capsules, oil- and water-soluble, 7290 
capsules, water-soluble, 7400 
with minerals capsules, oil- and water- 
solubię, 7336 

with minerals capsules, water-soluble, 

7423 

with minerals orał sołution, oił- and water- 
soluble, 7361 

with minerals orał sołution, water-soluble, 
7443 

with minerals tablets, oil< and water* 
soluble, 7375 

with minerals tablets, water-sotubie, 7451 
with minerals capsules, oil-soluble, 7265 
with minerals orał sołution, oil-soluble, 
7275 

with minerals tablets, oil-soluble, 7280 
orał sołution, oil-soluble, 7255 
orał sołution, oil- and water-soluble, 7309 
tablets, oii-soluble, 7258 
tablets, oil- aid water-soluble, 7318 
tablets, water-soluble, 7412 
Volumetric 
apparatus (31), 110 
Solutions, 2423 
Yoriconazole, 6708 
Voriconazole compounded, veterinary 
ophthalmic sołution, 6710 


W 

Warfarin sodium, 6712 
for injection, 6714 
tablets, 6715 
Washed sand, 2405 


Water 

Water, 2405 

Ammonia, stronger, 2332, 2395, 2412 
Ammonia, 25 percent, 2332 
Ammonia-free, 2405 
Carbon dioxide-free, 2405 
Cetyltrimethylammortium chloride, 25 
percent in, 2345 
tonductmty (645), 523 
Deaerated, 2405 
determination (921), 815 
Deuterated, 2350 

D-Gluconic add, 50 percent in, 2361 

for hemodialysis, 6717 

for hemodialysis applications (1230), 1851 

Hydrazine hydrate, 85% in, 2363 

for inhalation, sterlie, 6718 

for injection, 6717 

for injection, baoteriostatic, 671 7 

for injection, sterile, 6718 

for irrigation, sterile, 6718 

Methylamine, 40 percent in, 2371 

organic-free, 2405 

particie-free, 2405 

Peppermint, 7797 

for pharmaceutical purposes <T231), 1852 
Pure steam, 6719 
Purified, 6719 
Puritied, sterile, 6719 
Rosę, ointment, 6079 
Rosę, stronger, 7866 
solid interactions in pharmaceutical 
systems (1241), 1966 
Soluble vitamlns capsules, 7400 
Soluble vitamins with minerals capsules, 
7423 

Soluble yitamins with minerals orał 
sołution, 7443 

Soluble yitamins with minerals tablets, 
7451 

Soluble yitamins tablets, 7412 
Stronger ammonia, 2395 
Yapor de te eto r tubę, 2405 
Yitamins capsules, and oil-soiuble, 7290 
Yitamins with minerals capsules, and oil- 
soluble, 7336 

Yitamins with minerals orał sołution, and 
oil-soluble, 7361 

Vitamins with minerals tablets, and oil- 
soluble, 7375 

Yitamins orał sołution, and otf-solubłe, 

7309 

Yitamins tablets, and oil-soluble, 7318 


Wax 

camauba, 7962 
emulsifying, 7963 
microcrystalline, 7963 
white, 7964 
yellow, 7964 

Weighing on an analytical balance (1251), 
1970 
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Weigb-Zortis 1-71 


Weight variation of dietary supplements 
(2091), 2271 

Wheat 
bran, 6720 
starch, 7928 

Witch hazel, 6721 

Wound matrix smali mtestinal submucosa, 
6120 

Wright 1 * stain, 2405 

Written prescription dryg Information— 
guideJInes (1265), 1976 


X 


Xanthan gum, 7965 
solution, 7966 
Xanthine, 2405 
Xanthydrol, 2405 
Xenon Xe 127, 6722 
Xenon Xe 133, 6722 
Injection, 6722 

X-ray fluorescence spectrometry (735), 615 
X-ray fluorescence spectrometry—theory and 
practice (1735), 2074 
Xylazlne, 6723 
hydrochloride, 6724 
injection, 6725 
Xylene, 2405 
m-Xylene, 2405 
o-Xylene, 2405 
p^Xylene, 2406 
XyJene cyanoJe FF, 2406 
XylenoJ orange, 2408 
TS, 2423 
XylitoE, 7966 

XybmetazoEIne hydrochbride, 6726 
nasal solution, 6726 
Xylose, 2406, 6727 


¥ 


Yeast extract, 2406 
YeJJow mercuric oxide, 2406 
Yohimbine 
hydrochloride, 6729 
injection, 6729 

Yttrium Y 90 ibritumomab tluxetan 
injection, 6730 


orał solution, 6741 
tablets, 6743 
Zileuton, 6744 
Zinc, 2406 
acetate, 2406, 6746 
acetate ora! solution, 6747 
actlvated, 2406 
amalgam, 2406 
carbonate, 6747 
chbride, 6748 

chbride, anhydrous, powdered, 2406 

chforide injection, 6749 

cEtrate, 7473 

cftrate tablets, 7474 

determination (591), 471 

gluconate, 6750 

gluconate tablets, 6751 

oxide, 6752 

oxide neutraf, 6753 

oxide ointment, 6754 

oxide pastę, 6754 

oxide and salicylic add pastę, 6754 

stearate, 6755 

sulfate, 6756 

sulfate hepta hydra te, 2406 
sulfate injection, 6756 
sulfate ophthalmic solution, 6757 
sulfate orał solution, 6757 
sulfate tablets, 6758 
sulfate, twentieth-molar (0,05 M), 2436 
sulfide topical suspension, 6758 
undecylenate, 6758 
uranyl acetate TS, 2423 
and vitamfn C lozenges, 7475 
Zinc sulfate 
OJ M V5, 2436 

Zlprasidone hydrochloride, 6759 
Zircony! 

nitrate, 2406 
Zolazepam 
hydrochbride, 6762 
and tiletamine for Injection, 6475 
Zolmitriptan, 6762 
tablets, 6764 

orally disintegrating tablets, 6766 
Zolpidem tartrate, 6768 
tablets, 6769 

extended-reiease tablets, 6771 
Zonisamide, 6775 
capsules, 6776 
Zonisamide compounded 
orał suspension, 6778 


Zalcftabine, 6732 
tablets, 6733 
Zaiepbn, 6733 
capsules, 6735 
Zanami\4r, 6737 
meso-Zeaxanthln, 7470 
preparation, 7471 
Zern, 7967 
Zidovudine, 6738 
capsules, 6739 
injection, 6740 
and lanwudine tablets, 4769 
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